WO 2012/ 096626PCT/ SG2011/ 000015 AUDI O APPARATUS Background of the Invention
The present invention relates to an apparatus for playing audio signals to
a user unglernwet®ss26and in particular to an apparatus forcpisagingoausli o
signal s using bone conduction of sound. 5 Description of the Prior Art
Reference in this specification to any prior publication (or information
derived fromit), or to any matter which is known, is not, and should not
be taken as an acknow edgnent or adm ssion or any form of suggestion that
the prior publication (or information derived fromit) or known matter
forns part of the conmon generaéégﬂigggiégggipghe field of endeavour to
10which this specification rel actes: r an i nproved and efficient
underwat er communi cation receiver is a prine concern for underwater users.

I n addition, the advent use of advanced/conplex self-contained underwater
br eat hi nBackgpéviid ofsthe $alddjoni N deep/ t echni cal diving has increased the

expl oration range of a diver to greater depths, which in turn increases the
need f orTiapréSeneidviesti@teleMoLen Gphiadis BY plagigCadabbigndf tovh LBgtadeiviger,
extrenme pressures. Bone conduction is the transm ssion of sound _waves or

vi br at i o4 igpagicplay to 2 anparagusdir playips pudigriignalssing hong gerductian phsgdof t he
skull, without travelling through air in the auditory canal (outer ear). It
bypasses the ear drum (mddle ear) since the outer and mddle ear is unable
to fdnctPessriptipnof de PriouAdtr wat er. 20 However, currently, there is no
product that is able to _operate in deep waters using the bone conduction

t echni quisiergner inrtbisepecifiesionrtp @ay priaupitdicadem{nsilafarmairnsdesivediroanil). oy to
under wat er headphones. that do_not - use _jbon pduction for - ng, -

{r anom oy oERE” PRSRCis, MRt e 2t HRERBRS 750 3% Bhkerl e LBt M icgment or

conduct i imitsort beadaforasfaugydeoe that thespsoramtivaivn (or Gabahatiddddived @ t he
ear-drumin the mddle ear to the cochlea in the inner ear, and 2

5 |
event ual IrkRewasuAET (B Partef shegammen gensralkagwisdee Fethsiisldobendsavava to such

undejwat . ef: agggﬁ . y be used in fairly shallow waters, up to
certgﬁn'ggﬁﬁﬁgg %B%g%%g§%26PCTISG2011/000015 Usi ng such conventi onal
under wat er headphones - which are placed on the ears - nay cause the

swi nmer - Theveeed: forr &t éinpw ved fadnd eeffinient enddroates xanphaicaionsiegeivén tsaatpraept hs

underwat er, the external anbieni.pressure exerted.on the outsi f gce of
he - caqiRECerE At Bt i elsiony T A ° o easdlos R s Ao B 1 e
and r edugRidradiel BrfiRglt appataRalSCEBAN! P Heks/téehRieA ddAfly Undemepdaéd sheind
clarity is affected. e-Sealing of the internal structure of the headphone

housi ng explasptian znRe cafed dbver tthegrhates Hepieir whicht inctupr deeseases theansedhdor pre
I ngr ess mater. These is S..Ga LY. A I th W r-diver's sense
of dfs? ec?q?l%lﬁa COL%IP %Iélp%}ogns ygtﬁrgl ag%g ?é%ﬁ%’%txh?dnggg’ftfeé% §F ?Sf/lr e|rp‘r’?3deep wat er s,

maki ng the use of such system hazardous.
Bone conduction is the transmission of sound waves or vibrations directly to the cochlea (or

inner ear) through the bones of the skull, without travelling through air in the auditory canal
(outer ear). It bypasses the ear drum (middle ear) since the outer and middle ear is unable to

function cfﬁcienﬂy underwater.

20 However, currently, there is no produdt that is able to operate in deep waters using the bone
conduction techniqué, and instead most modern audio communication systems employ
underwater headphones that do not use bone conduction for sound transmission to the ear.
Instead, the sound is &ansfhiﬂed by air conduction to the ear canal where it is subsequently
colnducted. through the ear-drum in the middle ear to the cochlea.in the inner ear, and

25 eventually the sound vibrations are interpreted by the brain as sound. Such underwater

headphones can bnly be used in fairly shallow waters, up to certain depths.



Sunmary of the Present Invention 10 In a first broad formthe present

I nvention seeks to provide _apparatus for-playing audio signals to a user
under wat ewo 20tea9eqepar at us i ncl udi ng: a) a transducer forPCysGRoEI0DIIS
vibration signals in accordance with audi o signals received via an input;
and, b) a housing defining a cavity containing the transducer, the housing
bei ng adapted to be 15 positioned against a user to allow the vibration
signals to be conducted via the housing and bones of the user, to an inner

f th , ch terised in that at | t t of t h '
ol ude<SPE SHAGRREORG! RIS eadohRRES YR o ikt ) PhEtac BN 1y

t r anspangd kwirRher-ditkr ioSres@l € ahifled RoifR. HoTleK8mAR %Q%ﬁﬁh&nﬂd@ﬁ@@&ﬂﬁ@rwater,
di fference between air and sea water. 20 Ty ically the acoustically

t r ans partbexigenak amienh presaure sxgUied o thenouisideckacooF (e erséng tends indoree ghe
Typi cal Ly .the ti.call [x _ t. et erial, > hCol ance
of appr océflh%tlré&%r%y}fs’ Elfgﬁ E ye\é.lll%g? ﬁ@%‘gﬁe&%ﬁs eldléadl {)u. T §ﬁ%’g‘§ﬁ§‘§ﬂ %%Jteg}r} g‘glls S
pol yaxy meohyhé nederdfaier Boaad klarithés Affetséd THenehbGke 81 i) inferfidl Sstrugtuske bF Mhe1g
the cavity_ and a cavity opening;. 'and, h) a cover positioned in the cavity
openi ng.bergphiosahpysingés dla pileptschby thecharsht hydsastaticoprsssine sapsing thecegresnef t he

cover. 2032 é&@np- : QZ-PME' ¥ v . A ' first
and secon rgt epssgﬁ%rggsﬁgaglérw 1 gﬁ#a(r?lg?lgisn seckzggdgk )séts%%% of {eﬁgo%%@gé.gséd
and localilsation, particularly in deep waters, making the use of such system hazardous.

Summary of the Present Invention
10 In a first broad form the present. in_Vention seeks -to provide .apparatus for-playing audio
signals t'o_sa'i;user undefwatér, the apﬁafatus including:
~a) a '_tfansduce"r for generatihg vibration signals in accordance with audio signals
' rébeived via an input; and, . |
_ bj a housing defining a cavity containing the transducer, the housing being adapted to be
15 g positioned against a user to allow the vibration signals to be conducted via the
| housing and bones of the user, to an inner ear of the user, characterised in that at least

-pért of the housing includes an acoustically transparent material.

Typically the acoustically transparent material is selected to minimise an acoustic impedance

difference between air and sea watef. j

20 - Typically the acoustically transparent material has an acoustic impedance-of between 1.5 and
'1.6.

Typically the acoustically transpérent ‘material has-an acoustic-impedance of approximately
1.56. : |

Typically the acouSticélly transparent:material is poly@(ymet;hylene.

25 Typically the housing includes:
~ a)  a casing defining the cavity and a cavity opening; and,

b) a cover positioned in the cavity opening.

Typically the casing includes at least one step for receiving the cover.
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Typically '"the cover is nounted within the cavity opening so that a rim of
t he casi ng extends beyond the cover to thereby define a gap between the
cover andwOhlei1widna265Typi cally a seal ant is provided in Prh@/sgamitooonher eby
seal the housing. Typically the housing includes a seal ant provi ded on at
| east an outer surface of the cover. Typically the seal ant includes a

pol yuret hane | ayer. Typically the sealant is bonded to the cover using an
adhesi ve. Typically the transducer is provided adjacent a wall of the

housi ng,.t he | 1 of t.h ousi 10bei itioned inst the user. for
conducs | T eHE o s ine nfedR T S SeT B Igt b SRR ASe of
the acougbécal ly transparent material. Typically the entire housing is
manuf act ured from an acoustically, transparent nmaterial. Typically
transducer operates wi.thin the audio frequency band of 220 Hz to 20,000 Hz.
Typi cal @m%ﬁm@q FRVEn dfemounted Biitin the cadion greminsh ety haha riap ef thercasing exigads

hous| ”9-Be%ﬁ%&%%%@b&%hﬁ%ﬂ;ﬁ&éﬁh@tﬁﬁ%ﬁ‘Bla%%ﬁ tl?enco@gl.eél{d"ﬁlgri&?\/i't y provided .

adj acent aperture, ein the aperture cavity is filled with a seal ant
so that the cable is enbedded within the sealant to thereby seal the -

aper tsur el'ypioafly @sskalynttik provededanthe gappo thenebet sealtbe hodyg.cal |y the housing is
capabl e of wi thstandi ng: 20a) at least 40 neters of water pressure; and, b)

at | east..100 ters of .water pressure.. Typically the housing..ncludes a
nal 1t hebv Ay et e QT PleRRS B righ B Plenaf ah Fish SURIA DL SRS 5
reduce slipping of the housing relative'to the user's cheek in use. WO
2012/ 096pda(y 1 zAlkit DORAESa pyIpukttiany Idyee housing is adapted to be held in
position against a cheek of a user using a strap and sliding nounti ng.

Typically the sealant is bonded to the cover using an adhesive.

_Typically the transduéér is providéd édjacent a wall of the housing, the wall of the-housing. -
10  being positioned against the user for cohducting the v_ibratjoh signals to the bone of the user,

and being made of the acoustically transparent material.
: Typicélly tﬁe entire housing is manufactured from an acoustically transparent material.
Tyﬁically transducer operates within thé ‘audio frequency band of 22'0 Hz to 20,000 Hz.
Typicglly input includés a cable extending through an aperture in the hq_using.

15 - Ty'picaHy the housihg includes an aperture cavity provided adjacent the aperture, wherein the
. aperture cavity is filled with a sealant so that the cable is embedded within the sealant to
- thereby seal the aperture.

Typiéally the sealant is p_olyurethahe.

Typically the housihg.is capable of withstanding:
20 a) at least 40 meters of water pressure; and,

b) at least 100 meters of water préssure.

Typically the housing includes a wall that provides a substantially circulai? ﬂa’t,non—élip' :

surface, to reduce slipping of the housing relative to the user's cheek in usé.‘



In a second broad | formthe present invention seeks to provide a nethod of
constructing apparatus for playing audio signals to a user underwater, the
nmet hod i nwbedizmgss265 a) providing a housi ng defining a eaviscGgeiitob@ibhousi ng
bei ng adapted to be positioned against a user to allow vibration signals to
be conducted through the housing and bones to an inner ear of the user,
characterised in that at |east part of the housing includes an acoustically
transparent material; b) providing a transducer; and, 100) coupling the
transdu np ut thereb | | 'n the trans e erat e
oy APe kB S ABASRY b R TPt AR R SIRUF LB s
Typlcalumdmn&ngqmamng lncludes a casing defining the caV|ty and a cavity
openi ng and wherein the method includes: a) nDunting the transducer in the

cavity; and, 15b) providing a cover in the cavity opening. Typically the
casing ilfct 88red ProacRrmaiF DIRERE IAVAnHEN etlffole Piaidscesnedind oF sRRSHYCtRR-

Cover " orylian3 BPplaying WRLG3IdMIskY & WSaSInEnAG! SRl BlivaRg: Second casi ng

st eps, I ncl udes positioning the cover by aligning
firsts and a)aqunvidmgvaahommg)sleMg rveca;wlvethw\hcbdmtghbemg taéaptexhd;b 6 yesitioded

casing steps. caII cover .is mounted wit 0 enln SO
Chat o rim oreeh et ey BRnEpigaion BTN GO deetacguled fote Hieh g, A%
bet ween the cqes taas 11%1err'e€} of tﬁé"ﬁseﬁ;a&aﬁ&terﬁ@ﬂj e rreatshsaﬁ%ffhﬁéi hbﬁh%%ldes
providing a sealant in the gap to t ereby ‘seal “the housing. Typically

seal ant i ncl udelydes gacicoustie ﬁmpavet material;

b) prov1d1ng atransducer and;-
10 ¢) co_uphng the transducer to_..a_n input thereby allowing the transducer to 'generaté Q

~ vibration signals in accordance with audio signals received via the input.

Typically the housing includes a casing defining the cavity and a cavity opening and wherein
the method includes: _
a) mounting the transducer in the cavity; and,

15 - b) providing a cover in the cavity opening.

Typically the casing includes a step,‘ and wherein the method includes positioning the-cover -

on the step.

Typically the casing includes first and second casing steps, and wherein the nﬁethod includes
positioning the cover by aligning first and second cover steps of the cover with the first and

20 - second casing steps.

Typically the cover is mounted within the cavity opening so that a rim of the casing extends
beyond the cover to define a gap between the cover and a rim of the casing, and wherein the

method includes providing a sealant in the gap to thereby seal ihe housing;
Typically the sealant includes a polyurethane layer.

25 Typically the method includes applymg an adhesive t0 the cover to thereby bond the sealant

to the cover.

Typically the method includes: ‘
a) inserting the cable through an aperture in the housing; and,
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25 Typically the nethod includes applying an adhesive to the cover to

t hereby bond the sealant to the cover. Typically the nethod includes: a)
i nserti ngwohelzmbd2e t hr ough an aperture in the housi ng; Pam$G2611/00d015
2012/ 096626PCT/ SG2011/ 000015 b) electrically connecting the cable to the
transducer. Typically the housing includes an aperture cavity provided
adj acent the aperture, wherein the nethod includes filling the aperture
cavity with a sealant so that the cable is enbedded in the sealant to

t hereby seal the.aperture..5 arat.us, for playing audio signals to a user
under wat er,%Btﬂ%&%%@ercgf’ﬂ%mﬁlgﬁlgéécagﬁebtgt%}é%{}?lgﬁ}lﬁlgas her ei nbef ore descri bed
with reference to the acconpanying drawi ngs: A nethod of constructing
appar at ubygiedlyphalousngindivdesirgimitard cavity peevidedstiaosat te apédnge Mehdreid thei ng
substantiallg_as her ei nbef ore described with reference to fhe acgonpanying
dr awi ngsethed gclydes B EPYHIB LAY eVt avFaey spkhalthgsable rembeddgst adht

i nvent i o i {, tﬂé}ﬁb}bﬁeaijﬁ%% Lipgd with reference to the acconpanying '

drawi ngs, In whic Figufe 1 1s a schematic diagramillustrating the
conponents of an exanpl e of apparatus for playing audio signals to a user

underiwat Appard8s firglayen@audia signals beansar endsplatticitic pppaptus beng substantiofly ahe
apparatus _of Fiqure 1. Fiqure 2B is_.a schematic perspective view of the.
appar at ef?i?bﬁf?%dfeécriﬂ,edﬁﬁglﬁf’i?e‘?&‘?8’63*’6"%?18"‘%‘/%%& t8%pl an, cross secti onal
and side views of the apparatus of Figure 1; _ :

A method of constructing apparatus for playing audio signals to a user underwater, the

“method being subs_tantially as hereinbefore described with reference to the accompanying

drawings.

10 - Brief Description of the Drawings 3
An example of the present invention will now be ‘déscribed w1th referencé to the
accompanying drawings, in which: - -
Figure 1 is a schematic diagram illustrating the components of an example of apparatus for
playing audio signals to a user underwater;
15 Figure 2A is a schematic exploded perspective view of the apparatus of Figure-1;
Figure 2B is a schematic perspective view of the apparatus of Figure 1; _
Figures 3A to 3C are schematic plah, cross sectional and side views of the apparatus of
Figure 1; . |
Figures 4A and 4B are schematic Aviews of the apparatus of Figure 1 as worn by a user;
20 . Figure 5A is a schematic cross-sectional view of a rear qovef of an alternative example of
apparafus for playing audio signals to a user underwater;
Figure 5B is‘la schematic cross-sectional view of the casing of the alternative example of
apparatus for playing audio signals to a user underwater; and,

Figure 5C is a schematic plan view of the casing of Figure 5B.

25  Detailed Description of the Prefer:re:d Einbodiments

An example of apparatus for playing audio signals to a Euser underwater Will‘ now be

described with reference to Figures 1 to 4.



Figures 4A and 4B are schematic views of the apparatus of Figure 1 as worn
by a user; 201 Figure 5A is a schematic cross-sectional view of a rear

cover of wp?20idm@serat i ve exanpl e of apparatus for playi ngCasdzaiigognal s to a
user underwater; Figure 5B is a schematic cross-sectional view of the

casing of the alternative exanple of apparatus for playing audio signals to
a user underwater; and, Figure 5Cis a schematic plan view of the casing of
Figure 5B. 25 Detail ed Description of the Preferred Enbodi nents An exarrpl e

descr od iRceeRe Pl eid Biaebyd 8aste g nifiilt B oo b Ebestiniee 8 14600015

In this ﬂAaWMe%av{ftﬁ@I Betsitdindh &ma&rappafoaga&r&(}@ Vibtivhl eignals o bctoftfindd O
defining a cavity 111. The cavity 111 contains .a transducer 120, for

gener at | Yiih gudip signal redetyied|fiom An e Hantee WnsHueard2e can Qﬁ&f 8N QRPEPRFAE f r om
an i npmfoi‘llg g%n& & gl\léci?r %gviﬁu /icy Wﬁfcheh'?ﬁ'l pa%r%ﬁ%@%ﬁo S%lg} toa seI g one

exanmple, 1I'S’ £y paSS|ve I'ses a |V|ng nal T0 cause
a 5 di aptisggagronod e framasciclR0 h20ibiae vt bhadlﬁlcﬁfreqmmyﬂmrébyegmmmMg a

t her eby generating .a correspon vi bration sig hin the au

f r equencSPTIERRRIgIS Vibigtipy sigpal 2@%@81% diq eq%p%v@@@&?@b Hate 20490t %30 is in
the formof a cable for connecting the apparatus 100 to external electronic

equi peng, tBBrexgﬁlgf‘er A gut e @liﬁ' itRe fIrNGH & cablld Tdrséonh&ﬁmlgrtﬁé'fapﬁa%atﬁmw tAS a
cable in this ex It wll be appreciated that thisis not essential,

and al teamnal\ﬁéectmputeqmmmﬁorlgenmmg the apdio\sighelsa Wihidst $hegmauts§ slmmhasa@ a

W rel ess icatio However. e of

v ant acReBom i are Pt Fov PhaPRre e spdiied® Pol bt bR AR e g
passjgve thipBe dskeeno ﬁgﬂd%ﬁ&l@%ignﬁﬁq sich £30r WiteledP@aimhbisatidiOsysteh) HoGRy§Or at e
an additional power supply, th ereby m ni m si n? the need-for electronic-

corrponenthé ugg hiarcableel Hoean by advegtagaens argthishal mﬁer@dm@a@ds dorie|used ta 5] ¢

will G tagqué Bk U&é‘r PP LR ghfg?eaqtluﬁufggﬁl m@ﬁ%‘f{ %@%g%( o%{;‘é( rafit 201 €

electro i C equl suc as an under water 10N s audi o
pl ayer, @idétichaDpowienugplsy teedby @inimixng thsemeed fcbrrbletsmmd Etﬁnﬂikﬁieﬁtsﬂgltﬂlﬂlﬁh&‘ S
adapted to be pasitioned against a part of the-user's head, and typically
the chediousing ép;g@yg@e\hoyﬁlggmsﬁiegsgﬁgpg to be conducted through t he

hou5|ng 110 20 and bones to the inner ear of the user.
15 Tt will be appreciated that the audio signals can be generated by any suitable electronic

equipment, such as an underwater communication system, audio player, audio guidance

system, or the like.

In usé, the housing 110 is adapted to be positioned against a part of the_user’s head, and
typically the cheek, to allow the vibration signals to be condﬁcted through the housing 110

20  and bones to the inner ear of the user.

In one example, the audio playback apparatus 100 can be. mounted to the user's head H using
a strap 150, as shown for example in Figures 4A and 4B. In this arrangement, the strap 150
is coupled to a sliding mounting 151 attached to the housing 110, thereby allowing the éudio
‘playback apparatus 100 to be slid along the strap 150 until a desired position is reéched, and
25  then held in place against the user's cheek. In one specific example, the transducer 120 is
mounted within the cavity 111 adjacient a wall 110.1 of ;he': housing 110 which is in tumn
positioned against the cheek of the user's head H, thereby allowing the vibration signals to
propagate through the cheek bone and d1rect1y to the user’s inner ear for interpretation. This
enables the audio playback apparatus 100 to produce undlstorted audio signals, even at

30 ° extreme depths.



In one exanpl e, the audi o playback apparatus 100 can be nounted to the
user's head H using a strap 150, as shown for exanple in Figures 4A and 4B.
In this avoanpdyests, the strap 150 is coupled to a slidiPpag/Scaurtonergs 151
attached to the housing 110, thereby allow ng the audi o pl ayback apparat us
100 to be slid along the strap 150 until a desired position is reached, and
25 then held in place against the user's cheek. In one specific exanple,
the transducer 120 is nmounted within the cavity 111 adjacent a wall 110.1

of the usi-ng .11 ich.is in tur sitioned.agai nst e _cheek .of. t.he
user's moaﬁlaﬁ?‘“f%gﬂ;ggaﬁsrgﬁsgﬁ oﬁ&o ‘J;"\B?G&Ftaiﬁfg%fd%e%ﬂ Piee tli)&parngdgﬁrgt%plfﬂpyough
t he cheell ome hotsdng il @CintMdéad Aduss@illySrdnspeEntadstefifll (ATMRT BheATM Ra
Thi s enabl es .the audi-o pl ayback apparatus 100 to produce undi storted audio

si gnal s, “maikdnngt mawerk thahbasqapegeystic ngperigncy GO ebatepemmibeto thatodcea svars.

maxi m s ’ LSS : |.&: :of. the housing 110, and
nor e tyﬁ%&%?ﬁ%ﬁ@%‘?@fggf%gn&ge?%ggﬁg%mfﬁg?E}%fggﬂugtﬁ&{acousti cal ly transparent
matersial (ATM). An ATMZspa "matching” material that has an acoustic

i npedance (Z) that is simlar to that of sea water. The acoustic inpedance
of a material is gover nBFTEP isike BalsEel GRSIBZ = p.c where: p is the

material density c is the vel Qgid Vel@f; Bend 2 thdgammieri al The acoustic

i npedance of sea water is approximatel’y 1.56 and accordingly, at |east part
of, and nore typically all of the housing 110 is fabricated froman ATM
whose acthesacousticOnmpepgadant scd water isapproximatedn §86 ang aceprdingly, ahlgastpagt of,

V27 e R TR b o0, R hed LA MDA
al so0knapeddncaqs tvathin tmoﬁﬁ%@elt@'tdiqré,_andnﬁbﬁéf3gﬁf&11¢6§1)a?}];ﬂ'bxinm&1 oxyeretAy| ene

IS an engi neering LhernQFIasticﬁdennnstratin' igh stiffnegs, lowfriction
and exceixpaple ofi hangblsrhMsinghides & polyprenethylenelsualy as. Relripe cHalsp ¢ammonly.

properti.g i table 4 Ln factyure.of 1h oysi. ng 219 LR -

needs t-org%g%guk?i 21csi eﬂn , yléégs% Fe’nf to \%Ct%se%n&)owéget% gﬁ"grgl ssural.edgﬂ&&g'

associ atdyodyirdetisidnees ah @nginderitpethemadplastic Bigmoastraying rhighl i filess dowdeaiutdn

i npedance i s proxi mately equal to that. of sea water, this mnimses the

acoust i @I@ﬁﬁ@%ﬁ?ﬁ&@%ﬂf%@lé I efiGRERN H@%}ngéhamﬁaleaéveaﬁ RIPERISS FUHANG oA PP
15  in manufacture of the housing 110, which needs to be sufficiently resilient to withstand the

high pressures associated with submersion in deep water.

By using an ATM whose acoustic ifrlpedance is appfoximately equal to that of sea water, this
minimises _the acoustic impedance fdifference betweeh air an_d water, which in turn allows
essentially leO % transmission of Soimds through the méterial. In‘such,c.i'rc'i_imétances,_the A
20 user will have the ability to detect sounds in their surroundings conc_tirrently whiie the audio
‘signals are being supplied from their electronic system thrbugh the audio playback apparatus.
Furthermore, byv using an ATM whose acoustic impedance is matched to the acoustic
impedance of sea water, signals are transmitted from the source (or transducer) to the target

(or cochlea) with minimal reflection and attenuation. =

25.  Whilst the entire héusing may be constructed from an ATM, thlS is not essentiél, and in one
¢Xa1nple at least the wall 110.1 is manufactured from the ATM, thereby ensuring good

conduction of vibration signals to the inner ear of the 'user-.

In one specific exainple’, the housing 110 includes a casing 112, defining the cavity 111 and a
cavity opening 113, and a cover 114 positioned in the cavity opening 113. The housing 110

30  can include a step 116 provided in the cavity opening 113 to assist in positioning of the cover
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essentially 100 % transm ssion of sounds through the material. 1n such
circunstances, the 20 user will have the ability to detect sounds in their
surroundiwgoaeearsrent |y whil e the audi o signal s are becmgcuppbéoesi from
their electronic systemthrough the audi o playback apparatus. Furthernore,
by using an ATM whose acoustic inpedance is matched to the acoustic

i npedance of sea water, signals are transmtted fromthe source (or
transducer) to the target (or cochlea) with mnimal reflection and

att enuat,

hi o 15 Harnga8anipyeat tnetiver 114 s BUe 8B EE ubOT Rl Ui Ptic Sl

manuf actpysref fopRkihigle AV¥h thd gipaliusLITOUE inGeBe@th &anmuet i on of vibration
signal s.to .the inner -ear of the user. In one specific exanple, the

housing 110 i ncl udes ‘a casing 112, defining the cavity 111 and .a cavity

openi ng Additiongy. thestrpel 161 92N o uad; 9rRAgItion theEO¥EV} lﬁywab@ﬁhﬁga@%opm

ot st i Ao psaielun 17,0 R SUEE 1 GRAGY VERARs LR AL T BERNIS 1 an

to psevel® hdteeanther covid lemtaedrthg rhinell(z’a»f i thy chdihguld@n aﬂhmrgpplsezdattr tonbeof

external - for e . a ..100 is. ed in sea
ot or | RHTIORO LT 2B i LBttt ek T4 RURaa (Y Sy iR ner gy v

Wi thin theg G.ﬁ\UnE Béx%ﬁl@'tﬁcg séaléilt $e1bdeata ﬁel{rﬁr@%h&ﬁg la%r tfct 8l PObdnkiéd 9% tugnds
beyond ‘the cover 114. This defines a gap 5 118 bétween the cover 114 and
the ri mcoyd 0 using a@eedhcﬁqull@moaﬂrl ovither ssmdarahatetialt 0 be provided in the gap
to thereby further seal the housing. Whilst any .suitable seal ant nay be

used, | QNG SHIThE b R, SRALANL, LAGLUIERIQ RS MHLALITRE. AXR sreflle 1o

be bonde srng esl e pronD :

mat eipi althroﬁgle vblﬁchs itheg cdblé 16ans dhsedted.nCThed peatur@pavitiun €9 dobéry, all:b%ﬂg @ ded
adj acent -t he aperture 115 10 thr(ﬁjm?h which the cable 130 is inserted. The

aper t ur éiPEAWECHVitT 19 to keddied with srpfang Whee theseplantyis peoaweldyniheg%pol 1§e g | ed
wi th Segég %legflgﬁseéih %mli’ﬁ EQQHaﬂt%EJ%E§9@a?m EEt'uFeﬁ nsures the

cable 1 I's’ embe In t e seal'ant, thereby seafing R aperture 115.
Wth this arrangenent, the audi o pl ayback apparatus can be sinp
construcWet thys pamlsangemmntnghet reidior peytade rapp@@tusn carh eec ainiply qqmstrucrtn@e‘tr}t ing

canl o 195inadn? Fatie JP0 a0t sty i ripsiine T ble Hop Pgtperilte 1 e

posifist ongd, aAd %teetrﬁhﬂp cééﬁecﬁﬁg tthatatl®q30it5thd fraféduche 120 S Falowihg @id eds
beyond the cover 114 to definé the g gﬁllS The adhesi ve Erom)ter IS

appl i ed coyen i is positionetion thefstapel 16esg| thaitthe gnplrldwfdb@l casing hi2 gepndsigyen
apert ur Ghé %\“Betr dl l:hlt% e rtﬁg éag hr1§E t’fh%aidh&l%g r{'}%ta{ &t %@a?*éﬁ'tg Qhel %%ier ZHIhe

above descrl cons ructlo erefore ensur cavity

her met i ariféry seelaheth, plokRiegbyt the exepnt isgnd rapemng r@sfty ofl Yyvatieeebyi héxmdnbaly

housi ng 110 under extrene pressure, and protecting the transducer 120

wi t hi n. seplingithg hoesing H10.t he housing 110 is typically shaped so that the
transducer 120 fits snugly within the cavity 111, thereby equalising the

hydrgst ﬁﬂecﬂ HRYE A8k EBePtbRtrhcti that e AR &RKatRALK YA 11N€ nbintetichilrd]af

housi ng ure.
thereby preventing the 1ngress of water into the housing 110 under extreme pressure, and

protecting the transducer 120 within. In this regard, the housing 110 is typically shaped so
that the transducer 120 fits snugly within the cavity 111, thereby equalising the hydrostatic

pressure on all surfaces thereby reducing the likelihood of housing failure.

25 :I'n:on'e example, the housing 110 includes a wall 110.1 that pfo_vides a substantielly circula‘r; |
" flat, non-slip surface, to reduce slipping of the housing 110 relative to the user's cheék in use,

for example when the user is diving at extreme depths.

In an alternative example, the step 116: is replaced with a dual step arrangement, as will now

be described with reference to Figures 5A to 5C.
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251 n one exanple, the housing 110 includes a wall 110.1 that provides a
substantially circular, flat, non-slip surface, to reduce slipping of the
housi ng WO 20e/@bé26e to the user's cheek in-use, for exaeEpis&20h®notihe user
is diving at extrene depths. In an alternative exanple, the step 116 is
replaced with a dual step arrangenent, as will now be described with
reference to Figures 5A to 5C. WD 2012/ 096626PCT/ SG011/ 000015 In this
exanpl e, the audi o pl ayback apparatus includes a rear cover 114, having
first a econd cover step 14. 1, 514 2. .apnd a_casin a.havi first
bnd secodiRSSTA 1 Bp et aavbeey appdtals fnciARS £ R 008 Hna 0Bt A b Do
audi o pl y&acdoveptessaiiusl,iss4 Sukst Aedsingl 12, Bsvifefirst el suohdeRingedrls16.1,
apparatus 100 descri bed abgve and.remaining. features will not therefore be
descri betl6i Qhervises thercogBguntion vhtheydio plagbackrapRAgiivef SuRAINGHY 7 der a
nunber af fl Of : : ISt i

that t hans aaSstbak Qip B ROG aedeBr FLERRAEPha i SRSk GUE R
havi g theadehiritsdd inndy fiethendetaibver steps 514.1, 514.2 of the cover 114 align
with the first and second casing steps 516.1, 516..2 of the casing 112.
Secondl y,, the provision of the double 10st configuration provides a firm
F oot hol TGt 58 AraRERneRL £ Bt A TGRS ep L on P L ELIpdBY SRR (| 1
any) i n Harasdstil SasWRhatthe 3844 cBvEoNdl dilsQRefectlvithRY tRBCBvity Hfening 113 by
configuration can prevent further seepage of water/noisture into the cavity
111, In haning the gastand skeondaoverbtenssi g 518 o tle: covar { b4 akigmwithdi firsonad
(third) barrjer.to watger, j rsionp, after .thesbarriers provided. the

Seal ant SR frsine R STt b the (U8 gy SeRBhqi 8 B0 AURA Y Y it
prevent e QonSeaRaGE provides he firhaNBOthoRY td 26uppBee thee Xtdre dBvetnded Wetadst
hydrostatic pressure -at; great depths. Thus, éven in the event that the

seal ant - fompressionfeferpstion & gaY) ip barshyaderviagn pigssyre speditieiscant | y reduce t he
flow of water into the cavity by trapping water along surface 516. 3. A

further i .0ft .t . ‘ [ td i j g i ' 3 he
e BBl grgalof EPpsal muadt it or ik i e
Accor di nbllly,Inklis hegatd, tthe sexbod easiresstep beal2 actdias apladgibiand (Bymdabartries to water

arrangenents, proyid robust casj fabricate i t.h an ATM of . .-
apbr onr 1 BRSO EHfTede TS YO RIRDAT 4 SHUAH 459 TR CSRBI AR ST yTSund
undefat @trefire  Furtthe? %ﬂ%‘v@nt_r QERE GseepdgeMidtd 1B RRRAGCE af R uhB@! ekid@ne

t hi ckness of the ‘housing 110, including the casing 112 and the rear cover

114 ar e wBlepwdterchyddostasisamenishty abigraahdenths. eHalisdevendn die qvient thaidthe sealany Baitsk
t 00, . and. i ticular .the i d f h.ooln .
aprar 2t e 1B BB L bRl RESE: BRST! RSRFIMBred iy o

under\/\/atteg[ppﬁ[gdwateley[oﬂg sureiesisgp8d such that no water seeps into the interval
cavity of the structure at the required depth. This allows the audio

pl ayback apparatus_to w thstand the harsh ambhi ent hydrostatic pressure in
deep wat Ararther r}p@pg'gy)f é]pq dual 8igP @p@fégurﬁp%g dhkat itgandnerease the t%.lckness. of %ousmg

20 110, thereby providing a more robust structure.

Accordingly, both of the above described audio playback apparatus arrangements provide a
robust casing fabricated with an ATM of an appropriate thickness thereby allowing the
playback of high ﬁdeiity sound underwater at depths. In thi‘js regard, it will be appreciated
that the thickness of the housing 1310,_ including the casing 112 and the rear cover 114 are_ 
25 selected (}ievpending on the intended use of the audio playback apparatus 100, and in particular
 the intended operating depth. In pzirticular, the thickness is sélected to be proportional to the |
pressure underwater and they are desi_gned such that no water seeps into the ihterQaI cavity of
the structure at the required depth. This allows the audio playback aﬁparatus to withstand the
harsh ambient hydrostatic pressure in deep waters, thereby ‘allowing clear playback of audio

30  signals to users at depth of up to at least 40 meters, which is the limit of recreational diving

9



30signals to users at depth of up to at least 40 neters, which is the limt
of recreational diving W) 2012/096626PCT/ S&011/ 000015 wi t hout requiring
any decompoeseine2pr ocedur es. However, as the thicknessPpofi/SGhettlwoussng 110
can be made proportional to the hydrostatic pressure to be encountered
underwat er, the thickness of the housing 110 can be increased
proportionally based on the depth of intended use, thereby allow ng the
audi o playback apparatus 100 to be used at depths of treater than 5 100

nmet ers, eco ression. divi kness. of
nous! ng T SRt SNBSS oR At e SR e B B e ol S REne
dupl i cat @, cadl medeproyortibaallsahe Bydreastc pRegite t@be shMAtdrel Enc@wvaer 44 and
4B, allow ng a dual channel arrangenent to be provided, for exanple to

al | ow t HBicknesy 9 the heusingnld@rean bes}tlerﬁessé wepniosonsily hapest omriedeptinofjatendedt f or
10exanpl &e tﬁigreE? Qﬁ@&&tg He agalb‘%ﬁé}{bg{g!%%&g&%ﬁ’@ﬁ ?d;g?is.ls%lgagedééﬁlrs otfér %Vthéiﬁ ng

di fferent signafls he user I'ng

user ' s 100imetent foorleepl hlesompﬂessmbdmmgdemrnnhgd saitablothidkayisasfthoagipgrnad s can
provi de a glo sound directly to the inner ear (cochlea) by having it worn
on the ¢R€%ks (in front of both- ears) of the swimmer- diver. The invention
also "frees" the swmer-diver's ears by wearing it on the cheeks 15

i nst ead 1@for@MNexhfiPlee MeSaudp ppa%aéld Qgpatattseedd@ﬁeate&rmﬁ%ﬂanwthel whef BAWLEL by
t he swi mer -di ver, hence saving t swi mer - di ver the hassle of having to

adj ust tqhéelh@adh@@arn Elngdreed@x grde‘irﬁi ailspwn@a dhel olfiagrec] alregesfiant ¢g be hrovided,

oay bacidds bk 3 AERHEBRRBRR o pd i FlotioPo e PREARC T b BB ©
SW nmi ngdxeinple)o entdBcs tehdiggtioMRIGbAbn offile isdf By pr&ddial dffekehesighids to'amd
recreational. Persons skilled in the art wll appreciate that nunerous

vari at i dheusens lefband righttepesieponding o theHserappEgmdsiton. Al | such vari ati ons and
nodi fi cations vvhl ch' becone apparent to persons skilled in the art should be

consi der”ﬁfils efaBble st:xgb&i 1o g&gi&é& %B%ra%oog.ﬁ p%vﬁi@ GudiB\s6iid %&&Q@%&

appearing an escrl I n nor et ai erein
inner ear (cochlea) by having it worn on the cheeks (in front of both ears) of the swimmer-

diver. The invention also “frees” the swimmer-diver’s ears by wearing it on the cheeks
15 ~ instead of on the ears. No additional head-gear or equipment is required by the swimmer- .

diver, hence saving the swimmer-di'Ver the hassle of having to adjust the head gear and

equipnient during the dive. Therefere, the invention minimises encumbrances to the diving

experience.’

The audio playback apparatus can be used in all categories of underwater swimming/diving,

20  such as commercial, military, search and rescue, and recreational.

Persons skilled in the art will appreciate that numerous variations and modifications will
become apparent. All such variations and modifications which become apparent to persons
skilled in the art should be con51dered to fall within the spmt and scope of the invention

broadly appearing and described in more detail herein.-

25 Tt is to be appreciated that reference to "one example" or "an example" of the invention is not
~ made in an exclusive sense. Accordingly, one example may exemplify certain aspects of the
invention, whilst other aspects are_exempliﬁed in a different ei(ample. These examples are
‘intended to assist the skilled person in performing the invention and are not intended to limit

the overall scope of the invention in any way unless the context clearly indicates otherwise.
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251t is to be appreciated that reference to "one exanple" or "an exanple"
of the invention is not nmade in an exclusive sense. Accordingly, one
exanpl e Y 2erAI26fy certain aspects of the invention, PEmiSG0110060a5
aspects are exenplified in a different exanpl e. These exanpl es are intended
to assist the skilled person in performng the invention and are not
intended to limt the overall scope of the invention in any way unless the
cont ext cIearIy i ndi cat es othermﬁse Features that are comon to the art

are not ed i n _any det ‘as t e [deened tq be easi t ood

byt ho. ek R ELBRL bARar o B i R holaip AU ERrE Cepla aranr ake B B
‘conpri Séa@ﬂ)y uﬂﬂé}sﬂob& <8 ﬁmﬁllleﬁ%erﬁﬂxu's\ﬁﬂh&mﬂi Sthﬁﬁ%hbutb&lst WichkGor)ane téh

|ncIu5|ve meani n unl ess the context of use clearly indicates: ot her wi se.

WO 2012/'59B6R6RET ASERS BIFronetes cqvizalents svsl beraianNG have wm@wvmm&s
FOLLONS: (o] gnals to a user underwater, the
appar at us I nc}féo%%]rél%tt Hﬁ)Je CI?aﬂg%%Q%%S?&ﬂi%% for generating vibration signals
in agcordance with audio signals received via an input (130); and, 5b) a
housi ng (110) defining a cavity (111) containing the transducer (120), the
housi ng (110) being adapted to be positioned against a user to allow the

vi bration signals to be conducted via the housing (110) and bones of the
user, to an inner ear of the user, characterised in that at |east part of

t he housing (110) includes an acoustically transparent material. 102)
Apparatus according to claim 1, wherein the acoustically transparent
material is selected to mnimse an acoustic inpedance difference between
air and sea water. 3) Apparatus according to claiml1l or claim2, wherein
the acoustically transparent material has an acoustic inpedance of between
1.5 and 1.6. 4) Apparatus according to any one of the clains 1 to 3,
wherein the acoustically transparent 15material has an acoustic inpedance
of approximately 1.56.

11



5) Apparatus according to any one of the clains 1 to 4, wherein the
acoustically transparent material i1s polyoxynethylene. 6) Apparatus
accor di ngvoaommpe@ae of the clains 1 to 5, wherein the RousGag1(00a;
includes: a) a casing (112) defining the cavity (111) and a cavity opening
(113); arid, 20b) a cover (114) positioned in the cavity opening (113). 7)
Appar atus according to claim®6, wherein the casing (112) includes at |east
one step (116) for receiving the cover (114). 8) Apparatus according to
claim?7, wherein the casing (112) includes first and second steps (516.1,

516. 2) f t ( 4.2) of the cover
(114). '@%@"(ﬁ%@%ﬂrg us acceﬁyng @@3@%@%@@%@3’% nmn 6 to 8, wherein
the covelr Appdrhtus Sorplayihe dudib signalstde usavintyrwapenihogppatdd) ituditmt a rim
(117) of the casing (112) extends, beyond the cover (114) to, hereby d flne
a gap (118% HetFmsarcer k&2 oﬂ%ﬁﬂ&@f&t&g g@“ﬁﬁél%’d injappgrdafies) wiip 4f lgt%gn
accordi ng torg‘%]eqw{?\ eg@ yaﬁgal ant is provided in the gap (118) to
thereby seal t. ousl ng El 3011) Apparatus according to any one of the
cl ai m8 6 tb) Hhousingr(@il®) dldfmnltg)alsawg/ (111pyontaicingdbs tmnsbrbn(20pribe hoethgon at

| east an oute rface, of cove 096626PCT/ S /000015
19y Appar at ud 1 {OSHH FEDIEd 16 ba PR SORChEEIS) HHSEL © QY B ABOR SRR b°
includes a poloysiciddaant v8sing 18)0)ARRHALY Sf BHeCRetll t8%nt ﬁnenyarwfah@hsérhe
clains 10 to 12, wherein the sealant is bonded to the cover (114) using an

adhesi ve. 14)chm@p@naadjsn ah@oatdleng past afytherousingt (1d Ok linglndesian @cawticalher ei n
t he transduceLr éézo ma%e OVI ded adjacent a wall of the housing, the wall
of the housing p05| |oned agai nst the user for conducting the

vi briat i 1) Sippaahs abeortifng th@RAmOr, vieeeinsies acoagtﬁtangzlmsméiﬁ nidterid)gs selected
acoustically transparent materi al 15) Apparatus_according.to any one
of the cl alvBInmiss apacougks imperansedifferance beidissn At and 3¢ WatsT- 1 0manuf actured

from an ﬂg%@?&ﬂaﬁ@' &é’orfﬂn%g{é REGAN o TBL b her?eﬁ? {f“‘%?ﬁs%’c Wy ﬁ&%%&%hﬂﬂxa{e

one of t al ns wher el n tran ucer erates w t
audi o fr eghasamyacbasiid infpe@itide ldf betove2d) | GGMAHZG.

4) Apparatus according to any one of the claims 1 to 3, wherein the acoustically transparent
15 material has an acoustic impedance of approximately 1.56. ‘
5) Apbaratus according to any one. of the claims 1 to 4, wherein the acoustically transparent
" material is polyoxymethylene. ' . | '
6) Apparatus according to any one of the claims 1 to 5, wherein the housing (110) includes:
a) acasing (112) defining the ea\}i:ty (111) and a cavity opening (113); and,
20 b) acover (114) positioned in the cavity opening (113).
7) Apparatus according to claim 6, wherein the casing (112) includes at least one step (116)
fer‘ receiving the cover (114). “ '
48) Apparatus according to claim 7, wherein the casing (112) includes first and second steps
v(516 1, 516.2) for receiving first and second stebs (514.1, 514 2) of the cover (114).
25 9)} Apparatus accordlng to any one of the claims 6 to 8, wherem the cover (114) is mounted .
- within the cavity opening (113) so that a rim (117) of the casmg (112) extends beyond the ,
cover (114) to thereby define a gap (118) between the cover (114) and the rim (1 17).
10) Apparatus according to clalm 9 wherem a sealant is prov1ded in the gap (118) to thereby
seal the housing (1 10). ‘
30 | 11) Apparatus according to any one of the claims 6 to 10, wherein the housing (110) includes

a sealant provided on at least an outer surface of the cover (114).
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17) Apparatus according to any one of the clains 1 to 16, wherein input
(130) includes a cable extending through an aperture (115) in the housing
(110). 15%@)r0ppPes2at us according to claim 17, wherein tRETISGA&I19¢001110)

i ncludes an aperture cavity (119) provided adjacent the aperture (115),
wherein the aperture cavity (119) is filled wth a sealant so that the
cable (130) is enbedded within the sealant to thereby seal the aperture
(115). 19) Apparatus according to claim 18, wherein the sealant is

LY 5 A0 BN P SERLNT DA I G el 1

rreters of w@ker pressure; and, b) at |east 100 rreters of water pressure.- _
21) Apparatus according to any ong of the clains 1 to 20, wherein the
hou3| ng 13) Mpparatye |aaauémgsa agijope eftthr olgimsnlf) tophZe Whgesin thesseplenbisthoared;to

circul ar, ﬁJQ%Vﬂ”9T4fﬂﬁ%§§Hﬁ§5 to reduce slipping of the housing (110)

relative to the user I'n use 22) Apparatus according to any one of
t he al allrztsAppaIatuﬁla,ccmfdmgeuormiylmreruthe rgpifnd 10jo 13 witagihdbe trantinctre(120) s

p03|t|on agai nst cheek o usi a.s 150). and sl.i.di ng npunting
(151 30" By dﬁ@raﬁa& aorvali bt e e sl BE B AP R geaShal <
to a user HRAREMR) TRd bf?)gatio‘ﬂcsléﬂaﬂ% the Wbhe of the user, and being made of
2012/ 096626PCT/ 862011/ 000515 a) -providing a housing (110) defining a cavity

(111) ;- theﬂhcuQu%@a%ﬂﬁaﬁpbcnh@maddpted to be. p03|t|oned against a user to
al | ow vi tion s na S to be con us n 110 bones
fo an | MveAppaAng pOERg 18 prY ofED P9, i eBrRie hhpd (P
housiong. 1ﬂzﬁhuraaateacte&naﬂ aa&ausauyqeddsyarémﬂaaaﬂent material; 5Sb) provi dl ng
a transducer (120); and,

.~ 16) Apparatus accordlng to any one of the claims 1 to 15 wherem transducer (120) operates

within the audio frequency band of 220 Hz to 20, 00z~
17) Apparatus accordmg to any one of the claims 1 to 16 “wherein input (130) includes a

cable extending through an aperture (115) in the housrng (1 10).

15 18) Apparatus according to claim 17, wherein the housmg (110) includes an aperture cavity
| - (119) provided adjacent the aperture (115), wherein the aperture cavity (119) is filled
| : w1th a sealant so that the cable - (130) is embedded w1thm the sealant to thereby seal the
aperture (1 15). ( :
19) Apparatus accordmg to claim 18, wherem the sealant i is polyurethane
20  20) Apparatus according to any one of the claims 1 to 19, wherein the housing (110) is
capable of withstanding: ’ "

a) -at least 40 meters of water pressure; and,

~ b) atleast 100 meters of water pressure.
21) Apparatus according to any one of the claims 1 to 26, wherein the housing (110) includes
25 a wall (110.1) that provides a substantially circular ﬂat- nori;slip surface, to reduce
| shpplng of the housing (110) relatlve to the user's cheek i m use. _

22) Apparatus according to any one of the claims 1 to 21, wherein the housmg (110) is,
adapted to be held in posmon aga_mst a cheek of a user usmg a strap (150) and shdlng
mounting (151) o i N o

30 23)A method of constructing apparatus for playing audio signals to a user underwater, the

method including:
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c) coupling the transducer (120) to an input (130) thereby allow ng the
transducer (120) to generate vibration signals in accordance with audio

si gnal s rwoenwadedzsa the i nput (130). 24) A net hod &cTEGAdin@oans cl ai m
23, wherein the housing (110) includes a casing (112) 10defining the cavity
(111) and a cavity opening (113) and wherein the nethod includes: a)
nmounti ng the transducer (120) in the cavity (111); an& b) providing a cover
(114) in the cavity opening (113). 25) A nethod according to claim 23 or

cl ai m 24, erejn. the i 112) .1 ncl ude st.e 1.16) nd. wherei n.t he
et hod 1 nofldeg e EhaRHel® R Ebl oS B Iehebihg st eg
met hod accor diengpsitivnet aighingtha uvdrebeillowt fidratiagi sighalsltb2he coridudetdShiduph tthénd
second casi ng steps £516.1, 516. 2), and wherein the method incl udes

posi tioni ng tiqesiagwbi0)@ndbpngs toar igaetrrgr of thet usshshawesHerdcipvibat & eastpart
(514. 1, 514.%% ‘ inkl W I ' S nd casi ng steps
(516. 1, 516. 2f.tRéh‘%‘?&?@:%ﬁ%ﬁ?&%ﬁsﬁ%gﬁﬁgﬁ 't“f)e?]lgg‘gf%%t% e clains 23 to 26,
wher ei n t hé) qouedinghliddnsdecer RI20pomdf ed wit hin the cavity opening (113) so
that a rim(117)..of .the casing(112) exte “heyond .t he cover 14) t
define 5 oib GePiELAe RESEESER2DY B Rt AP Heleby Afloning e kg’ (128
and wherei n t1§&ABHROMbIREh YAREISAR QL ii e Avitie BB signAlstB&i BRPviE Ihd RRLEDY
seal the hou5|ng (110). 28)" A-nethod according to claim?27, wherein the
seal ant incl Udé®).a pol yuret hane |ayer. 25 29) A method according to claim
27 or clgjm 28, wherein the met incl.udes .appl yi an hesi ve. to e
cover (T PEtHoREBl it 4G b Lot iyiny e (B Ao Behies SosSimeun b
accordi ng Hefihy tenaviey (11h aﬁd@bmg?q%ehmgﬁmavamwe?eiﬁ iR hened idchidestdes a
cable (130), and wherein the nethod includes: - a) inserting the cable
(130) t hr oayHMeyntiagdhe tansdpaer £320)An theecanduitlildy and10) ; and, 30b)

| ectrical Q ty cahle (130 transducer (120). 31) A
ﬁe?ﬁo{jl ;‘2C(§¥&%§§a§1§d¢ afﬂlgéﬁ%\%gﬁ%i' %pﬁ%l%ﬁggggl)hg (110) inE:I ud)es an)
aper t ur-e25) avinehod lat89rdjmgotei clsich 28ljoackiitn 14)evimpein tthe easirgl 6)12) idudiides . dtéye

thod includes filli t he 2012/ 096626PCT/ SG2011/ 000015
e ! (lul 6?, andlwhelreqlglJ the methg\c'i)inc?ud%s pos?t?on?ng the cover (114) on the step (116).

15 26) A method according to claim :25, wherein the casing (112) includes first and second
- casing»s_teps (516.1, 516.2), andj wherein the method includes positioning the cover (114)
by‘aligning ﬁrs’f and second cover steps (514.1, 514.2) of the cover (114) with the first
- and second casing steps (516.1, 516.2). ' '
27) A method according to any one of the claims 23 to 26, wherein the cover (114) is
20 mounted within the cavity opening (113) so that a rim (117) of the casing (112) extends
beyond the cover (114) to define a gap between the cover (114) and a rim (117) of the
casing (112), and wherein the method includeé providing a sealant in the. gap to thereby
seal the housing (110). ' | ‘ |
28) A method according to claim 27, wherein the sealaht includes a polyurethane layer.
25 29)A method according to claim 27 or claim 28, wheréin the method includes applying an
- adhesive to the cover (114) to theréby bond the sealant to the cover (1 14).‘ -
30) A method according to any oné-of the claims 23 to 29, -wﬁerein the input includes a cable
(130), and whefein the method includesf | |
a) inserting the cable (130) through an aperture (115) in the housing (110); and,
30 . b) electrically connecting the cable (130) to the transducer (120).
31) A method according to claim -30,‘ Wherein the housing (110) includes an aperture cavity

(119) provided adjacent the aperture (115), wherein the method includes filling the"
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aperture cavity (119) with a sealant so that the cable (130) is enbedded in
the sealant to thereby seal the aperture (115). 32) Apparatus for playing
audi o si gwales1zms@6user underwater, the apparatus bei ngprsulsstanion@isy as
her ei nbef ore described with reference to the acconpanying drawings. 5 33) A
met hod of constructing apparatus for playing audio signals to a user
underwat er, the nethod being substantially as hereinbefore described with
reference to the acconpanyi ng draw ngs.

aperture cavity >('1 19) with a sealant so that the cable (130) is'embedded in the sealant to
thereby seal the aperture (115).
32) Apparatus for playing audio Vsi’gnals to a user undérwater, the apparatus being
substéntially as:her'einbe'fore described with reference to the accompanying drawings.
5 3:’3.)A>me_thod of constructing appa_rafﬁs for playing audio signals to a user underwater, the
| method being sﬁbsfantially as hereinbefore described with reference to the accompanying

drawings.
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