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BACKGROUND Wrel ess earphones or headsets are known. For exanple, PCT

application PCT/US09/ 39754, which is incorporated herein by reference in
its entirety, discloses a wireless earphone that receives and pl ays

stream ng digital audi YNOERONIZENGWIRELWSSS: SRPER®NPRones in bot h of
hi s/ her ears, the playing of the digital audio streampreferably is

synchroni zed to reduce or elimnate the Haas effect. The Haas effect is a
psychoacoustic effect related to a group of auditory phenonena known as the

Precedence Ef f eqhy@ftorsaVWiRhaif OEDInes®t a WAURN{ 61 8haurhP&SEIIRAJISCT S, N
conjunction with sensory reaction(s) to other physical differences (such as

phase differences) betwegReREN GRS §eHRNNIEWRERVIIESARRS bl e for the
ability of listeners with two ears to |ocalize accurately sounds coni ng

fromaround them Wen t WG4 &R ARk rSQURNI ST BhrtiRst, IlilgNt | cal sound waves of
the sanme perceived intensity) orig'nate fromtw sources at different

di stances fromthe I|ist eﬂﬁﬁrh(e}ta%bl‘?a§9§f@&t8fﬁ?é59iﬂgfﬂﬁ&ﬁs closest location is

heard (arrives) first. To t stener, t creates the inpression that

the sound cones from thaf;lLacpsiaR eQig nt%‘f?\({ér%a@l W&?&b‘?@ﬁ”o” t hat m ght be
I bl

descri bed as "involuntary sensory in tion” in that one's perception of
| ater arrivals is suppressed. The Haas effect occurs when arrival tines of
the sounds differ by nore than 30 to 40 mlliseconds. As the arrival tine
(in respect to the listener) of the two audio sources increasingly differ

3%??%{]3%%9?%@0!{ | :asgggimrjzhst fo Zg'ltm\?\/rs]e\r,]m : : s?gg: zgt ?ob:ug?gr ?naz pair

of ear phones Wir¥€:s2QiHod LA MREEbt 152 QA 0.4 B33k athpB MWARYplication
PCT/US09/39754, which is incorporated herein by reference in its entirety, discloses a wireless
earphone that receives and plays streaming digital audio. When a user wears wireless earphones
in both of his/her ears, the playing of the digital audio stream preferably is synchronized to
reduce or eliminate the Haas effect. The Haas effect is a psychoacoustic effect related to a group
of auditory phenomena known as the Precedence Effect or law of the first wave front. These
effects, in conjunction with sensory reaction(s) to other physical differences (such as phase
differences) between perceived sounds, are responsible for the ability of listeners with two ears
to localize accurately sounds coming from around them. When two identical sounds (i.e.,
identical sound waves of the same perceived intensity) originate from two sources at different
distances from the listener, the sound created at the closest location is heard (arrives) first. To
the listener, this creates the impression that the sound comes from that location alone due to a
phenomenon that might be described as "involuntary sensory inhibition" in that one’s perception
of later arrivals is suppressed. The Haas effect occurs when arrival times of the sounds differ by
more than 30 to 40 milliseconds. As the arrival time (in respect to the listener) of the two audio
sources increasingly differ beyond forty (40) milliseconds, the sounds will begin to be heard as

distinct. This is not a desirous effect when listening to audio in a pair of earphones.



In one general aspect, the present invention is directed to

el ectroacousti cal speaker devices, such as earphones or other types of

| oudspeakwo1td3ad10synchr onously play audi o recei ved freorass@vngss7 | n one
enbodi ment, one speaker (e.g., earphome) acts as the master and the other
speaker (e.g., earphone) acts as the slave. The master speaker receives
digital sapdvnt a from a source and, in addition to playing the digital
audi o received fromthe source, the master speaker retransmts the digital
audi 0 to t he Ispawgenspd akpact, thw@emmnefﬁnts(pﬂelald@ﬁcta@m elpcsipareuptisd ypenker

synchroni zation.data to the sla u tes the
buf fer QF‘QP?FS S%CP eﬁleg 2eK Oﬁo??etrl ¥ @? ﬁ{uﬁ@eﬁgﬂg h(hgt 595}1{&0%%? ?a@g speaker
utili zesedehRd FHonE hEQRCE alnl R ciodirhédBreRPedRRE(LE., SpFRIne)Y adtDastillp weister hgd
exanple, its buffer status or playback position, so that the two speakers

play t héheRiBerFPegkse ke sneaBhgne) actyas thjstanpn Thamestgr shepkqrsecchrsadigital pudine
nbod t h
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connect mm{eespeapémfeﬁmﬁﬂmltssthemgaal 4uidRy tol thidBlavospealkuy. C[’hhmasfeaquakémw over head

protocol , for ynchronj zation data. In addition, the eakers
transi t.aéﬁifﬁpmév ad? PSkEPIZAen dita e slas) ﬂer suchips Gt BRARGGHFNBRL 5 of

t he pregﬁfﬁﬂi t%sgﬁgﬂ%agr Z)SQE mﬁafﬁ%e{g?&@b&kw myswie gmhﬁlzeeﬂfeonnectl on

with th , erein Figure 1 ustrates a pair of
wi r el essyedrq@hotenaetdiran tige mesteraspedies tendosd) ﬁoenxgnIdf: itstharffor stsmmor playback

i nvention res 2A-2D il lustrate various odi W reless
ear phon@ositiot e iy W6 uimeutics win i i SRoRHE et e PR e ineeSiits
Figure 3 bge 8nbbAfkndiRahaRAbedkeMiscd Ia%ﬁn&ﬁbmaﬁe@tea@ﬁ%aﬂ NGich @s YEP/PUR
enbodi nents of the present i nvention. Various embodi nents

of the praeyeibufferedavdiordaterte thi slest &pdalteo aecll wts lao;anmm?nl@@ﬂ prefosek schgsvi ces

t hat ex nchron za data, s eak evi c

by nchr oI IEN 26 AR bR g Bl P kol REFOGR Fhn RN B i adeitin | e
pr esent ﬂlleng@mdr@ﬂla;\mngg@@fdléﬁg hefiafd Waté) reference to wirel ess ear phones
as the speaker devices, although it should be recognized that the invention

is not so limted and that different types of speakers besi des earphones
could b%l(%%?{%s WO 2011/ 031910PCT/ US2010/ 048337
Various embodiments of the present invention are described herein by way of example in
connection with the following figures, wherein:
Figure 1 illustrates a pair of wireless earphone according to various embodiments of the
present invention;
Figures 2A-2D illustrate various embodiments of a wireless earphone according to
various embodiments of the present invention; and

Figure 3 is a block diagram of a wireless earphone according to various embodiments of

the present invention.

DESCRIPTION

Various embodiments of the present invention are directed to electroacoustical speaker
devices that exchange synchronization data so that the speaker devices synchronously play audio
received from a source. Various embodiments of the present invention are described herein with
reference to wireless earphones as the speaker devices, although it should be recognized that the

invention is not so limited and that different types of speakers besides earphones could be used



3 in other enbodinents. In addition, the earphones (or other types of
speakers) do not need to be w rel ess. Figure 1 is a diagramof a user
weari ng twio 20iwshass ear phones 10a, 10b - one in each eacT/IA20100%8387 bed
herei n, the earphones 10a, 10b nay reseive and synchronously play digital
audi o data, such as streaming or non-streamng digital audio. In various
enbodi MpbhePEmbABmBAES BNAddiIME Bid @Afphofbs @R %iHEE WpBs bf sPRalek)i dothok WB&d todeal
operation, one of the earphones may act as a master and the other may act
as a sl aeelesbn such enbodi nents, the naster earphone, say earphone 10a in
this description, ,receive igital audio data from | git audi rce
12 via a comit |r%zlat1§ ﬁla |ar§1rkgﬁlaég1‘.lseﬁ'ﬁ'§ s Rvonl ggltelssoer?rrfh%ﬁ% %51? ’ %%_%gégn <Q\%%gel ess
Or W I edac OARRLERIA Hifeih, thK earphien 8884, S0bEALPROE €e diBsynbiionwislebRs Higital
transmts the received streamng audio to the slave earphone 10b via a

Wi 1 el es gudiodatinpuchias sHeqmiag o1 Bon-yieaning ditabislie sinp@aious ebedimgnisiod theudi o
nearly r. Yool . L . 1o] VARV 4

11 oo lHAa RS YaryRf hf R lmins i oRRARABYon drind SlblonsC iy act s,
Wi t h t hianhaster 30J the dthérseyoand ss oslal e ska.such embodimenr the wsasembaghomn sy as
described in PCT applicatigon PCT/US09/ 39754, which is.incorporated herein
by ref eF@imbeng Hgipdhiadescrigtign. regrives gigitabaudio day fiom éatﬁ“@ udio saWiFol Y iagder
(DAP),  gUflhARaftBn TRE 18! ?r{@&mﬁfnuﬁﬁaﬂiﬁpﬁnk I P ¥e AtRAess b haRl RoBAHEG1i0h
digital audio, such as a laptop or a personal " conputer, that stores and/or
pl ays diigkt dhe audicoedrph@e, 10atkkbnt wiatlestnmnshiattesreneived sthramims twtio eathphone

10 i he d i catli link 14. F i ts wh t dat
comun; SV GHPMAAI CPATE & Sl sumniigir s £ T Pl e gty aProihe
pr ot ocoly, gRheRSy b‘}ﬁf)%ﬂroneﬁﬁif erakd ﬁser,}i_h:.e, ﬁf‘éf’éfﬁlbﬁsﬁitﬁ ifHsy (:%?]hﬁlli@ec%dﬁ)r s 9.,

| EEE 802. 11a/ b/ g/’n) communi cation link, although in other enbodi nents
di f f er ediffegenasiie g aovhimesaridonomcisrblswithjhins (ADevillissoerids 95 lagg.MAX (| EEE

communt cat 1 o T £ER8T ey B g Rne e CT OB PARRRADBA TR it oco

may be usREporside Reefh Bt REraRI.in Ab SMtirety theSOUFce @ 2 haaytya Bigital dudijigydger ver,
such as a (stream ng or non-stream ng) digital audio content server

connect éBAEH Suplzag #t mpA elayer oraan iBedhrE ey ofhst syitablessopese of digiabidia.oach ayeh

as via ' ' Vi & i T i For

erbod; ma e S cpesSRialtorputt, Mol 8RS 3pREE BRG o 4 i Fnith o R BRRER e 2

comuni edth tha nlasek edkphdiet M etn thh datrasinmiurdeatioh dink 120 &Foaadbodimestsaviere the

ear phone 10b may use the sane. network pég&gcol for retnansnittiqg the audio
I

from t h&athromEnEaTating higk 104s vgelcr 28Y S B KAV BHEHE O TORIHE ORSTHP & meAysPe
conmmuni - . 1 , :
Commrt SEL Rl it i 238 WTRO e S A AFch ARl o,
exanpl e althtwezhaappteo aebodifentskiffenantyw ivel epr cogrmamiedios erethenls ivfay de uaedy sgehvasn

ti i ti t t d 10b .i t th
sl ave,  ATNAK BRER T AEL Al Gin et BN Eor vRR b geRR Vs G dePave: and-
ear Phon ek RBRUTE if DRirel Ghid0GhY/s0RA0 ORGHLHSARIOHOMBIBRaf b6 Ok alch

master. Because the transmitting (e g., master) earphone typically consunes
mor e poweEthezat Hife, Sleavurced? phryrie, a romiote$rirvry, sush es a fixeamangon oa-sfchaig) of

Toa, 106115 RS LonBtse et &P Bh Bl RuRATRYE Bn® Balel PosRRORIRAR o

t he audisactphsadibas kcdBypditt ahiieMes nesaiR of @1aad Wired egiiiedlidiy Fotefidoainyents
ear phones 10a, 10b accordi ng to various enbodi ments of the present

i nvent i avhest Getpiagomgandeatios dink g gt virslessa thadirdsssaesymurigatignfimk lghetween

enbodi # I | i 2B
are nor Ty B o PR AR e B AR ity R el feriERotRo e
present rétraremitiiog theAsidihowm thexmbbsig eiphoRAl Gutd tRBslavtehargmnphohes e wisdess
conprise a body 20. The body 20 may conpri se an ear canal portion 22 that

i s i nsecediynicatipplishl4canal of the user of the earphone. In various
enbodi ments, f Be. BAAYiAnRLEGNSHY GORPLF §FerAfor MeiahfHonBOMbY MRitdfrdifials 1 s
not inserted into user's ear canal. The exterior portion 24 may conprise a
knob 26 noastes andslavdre€Fhat s forcaamplel thesagthoass Hadi @ map bp pessammed st thabifat
switch, lever, etc.) for adjustin he shape of {he r. canal portion 22.
That *1's Y e d s deting e e gudfeg g gughoneoftis St ede TAaRhats 26
may Cauggbdelfer® &meCARMHonP 204 MY swAch R KA BR shRaREd EfpRchel 1®b rhaYf asS¥AT R,
radially expand to fit snugly against all sides of the user's ear canal.
Further details regarding such a shape-changi ng earbud ear phone are
described in application PCT/US08/ 88656, filed 31 Decenber 2008, entitled
"Adj ust abl e Shape Ear phone,™ which is incorporated herein by reference in
its entirety. The earphone 10 al so may conprise a transceiver circuit

o o ~




Al t hough t he exanpl e earphones 10 shown in Figures 2A and 2B include a knob
26 for adjusting the shape of the ear canal portion 22, the present

i nventi onwoon@t31|o |imted, and in other enbodi nents, @cifiseeniosssBANS

besi des a knob 26 nay be used to adjust the ear canal portion 22. In
addition, in other enbodi nents, the earphone 10 may not conprise a

shape- cheR@fRthsRAr Be@a¢ the@ahsBitine(e.g., master) BaPhOIR tySIRRPHESRINSs mdse SRR
inthe illustrated enbodi nent of li;')—glz(gugr’es ZCbazrlllg 2D, ¥ he ‘ear phone 10 may
conpr i séhan thaslgee eayphoneyswitchingrolesvupay havedhy gfivshef a@ning the ppwersoume (pang
on, the,useris ear. .Fi e .2Cis.a rspeetive view of the earphone and

Fi gure Sanry) Eotstaption 4h0E s enBhE I8 o rpodi ment . As shown in ¢ he

il lustrated auadidesdtibing iden@dphaanewlBe BPicheéaiiRitios f ditadudipsiakakk elagrint s
30, 32. One of the speaker elenents (the smaller one) 30 is sized to fit

i nto t héckigvedhsemadetallnicgping gxsphey carpbaesdfa, iheacspdiie tevare#ft (t he

| ar ger i 1St y he. Il he
car phoneigyaifert ot prelfif i B Bl fRadiahol HiRAIEE oM 20 Mo HSb bl Bl
conpr i sembobimdntond tht caphdriesn 0t Mat ex@sples sipom ihlFegupp2A agd DBranahot 1iMiting
2011/ 0319%0PCT/ US2010/ 048337, 5 curvature of the |istener's ear behind_the
upper p&hfl PEIST sPniignEations are yithip dhe SﬁPP\‘F]%? the prrseldRYHGAR. Adyhewh Figures 2A

knurl ed pMS j | St en the
hor i zontag?gg’e%{%ia%ﬁ%gkgﬁg{a gﬁg‘i’?‘%@?" n%&tﬁgégp a e@%f%ﬁ n%gl?leeta ﬁg&rn\ggy
provi di portian22sthethis ersboell mehe¢ sar canatdi¢ire weensiuthe cardphantj. ustvabots enybddimenthe
user. Myre details regarding such a dual e]epent, adjustable earphone. may
be  ounds FPCD gk AT CUBBI TR SO OBETOBGY) 35 Bo QIR T PGP ST od
herei n heleRfcBibeP&iioh R4 ks Sipfs8h%nob 26 or FrldIbBeBudes céhtid] B&ikh % atafﬁg,ra of

one of the earphones 10a, "10b accordi ng to various enbodi nent o _
pr esent presvestactvateBewitels éever, wtogelior adjustmgisbel sirapa of thetdae caval pbroine 2.1 04at 13.0b

are progranmred t ave.the.capability .to switeh.roles as ter and slave,
the Lomdoumine bopRiSu AEGREE el FhS flox R RayRauTiRe & AR pbnidh
i 11 ustrabed ceRaApedhaRNb,as td) FoLXapipd) eadi A1 OIPRAA EESt Aublyaipaiel MBdid&i gfekd t 100
and rel ated peri pheral c%nPonents. The peripheral conponents of the

&

ear phon&sas e garabnppitiies dgtags irgardipg such asbape-ghiragiig arpd caabigse pre described

transdugers ;: ] r ARt he

tr anscei%gggp léclgg%%lﬁ?Q%%@ggr@%g’o%d 8? %gﬁg%rﬁ%oggg%ngﬁtﬁgo?r‘%@%%%feg’%{aggch as the
power s@afgiond,02avidcidistih®rperoies hewid baredeoceris it @bjiretayTHrecahghone d0wlisbmay t he
body 12 of the earphone 10 (see Figures 2A-2D). I n other epbodi nents, the
ear phonEOMRYISE d HpRsceengrutiorssd Wwiin srrcbody o nidisriemseeives gupuig degeribed

m cr ophghg, %R : : L Qb s '

circuit 1006rfr?§13r?“§e I n%ﬁ%gnr%grﬁl gééda%‘s‘}ég‘ﬁés%@@%‘?%gr atée%argspégir{%%?ﬁ%a%uch as
a syst efmosedchithe ¢x8aox porthincid ofshe earphusievi® and/ariimitetear canahpprtibe22.0nponent s

of the earpho 10, .which |s advant ous if_.the rphqpne 10.is. t

el ati vel v sraiovgh Hegmeleiphedes AP G FibEn S ang SBansbgts ke B 1 or
exanpl e)adju'sﬁng?‘ih"e%héﬁtdf\(ﬁe ehlRasi %ﬂfoﬁ,zzb Heg&ent i"nb@nt%@ﬁ&esﬁtl_ﬁni@éd, hitBin
transceiver circuit 100 could bé realized with two or nore discrete |Cs,

such as othepamipdiniegts, flidferent nganobessdes adnoh@froray, beansdd W adist thsckar eanal or

exanmple. . The wer .source 102 ma onpri.se or _ex le. a

ochar g8aion % HEREVER S Erbofint FYBRS: | b ey WhnFaehhare
enmbodi MeRisying &8 cR@WRbrtiRW2ce 102 may conprise one or nore ultracapacitors
(sonetines referred to as supercapacitors) that are char%ed by a primry

power sour cen pticegipbedimsatssashera it Hie ijustertedgnbedmenofdignses 2 andi2D, the
recharg . tr [ r el

Ul £ acanainpay O B piBlie Ehail Wi IAEANREMS M e indFOuE Ll REbk 1l on, re
when t hesedy @hofguld2( $s £oaneetiedview o tioekpmgesihdFigne 2Dris aisideeieva W r ed
or wireless connection. The docking statjion may be connected to or part of
a conputgsordiggite ane epbedigenty Asthoyiy in dhepilipeiratest erpodimgnts the; sarmbiene 40 &1ar gi ng
the rec : ' i b8t ;
donnl oad o B O 3 Ve aa¢ eARer G A AR RS
t he powsized tuficmtdhz caaym camhaios chedapamet’s earsandabs othet glembiatr(fredanget dnaRB2

is not. The listener may use the hanger bar to position the earphone on the listener’s ear. In that

connection, the hanger bar may comprise a horizontal section that rests upon the upper external



WO 2011/ 031910PCT/ US2010/ 048337 6 radi ati on, such as described in U S
Patent No. 7,027,311. The power source 102 may be coupled to a power source
control nwourba/Bogdoof the transceiver circuit 100 that eomtusedis/nzssdr
nonitors the power source 102. The acoustic transducer(s) 106 may be
the speaker element(s) for conveying the sound to the user of the earphone

10.  Accepfliafile bOth¥dikicAdSs QFBERnTBY Spet POIBAOP RN 0 a TEiSRNP Ths €arPASnOT

nmore acoustic transducers 106. For enbodi ments having nore than one
t r ansdueeay, cogipsise p&nsdettlerobrihst dblews srajeser tormlw% ﬁeeloxtthedlsmnm@m theand a

crossover .ci r.cuit S rans ncies 4o t he
smal | er Pf'lannst% cet%o(n qgheﬁa %%aﬁsa#dkhetsr?grg \f/eemeflr l?(raerl]) |p’[0 #%gt’ﬁ ]{'iarger

t r ansduegibodivings, dedthéd rﬁeefsﬁ@&ff(idﬁ@tadﬂ@if f|teeet. m@hamm»egmu@rswh gddali n
U.S. Patent 5, 333 206, assigned to Koss Corporation, which is incor porat ed

herein Klemeaf.adnitable garphoge &w.heéwnd in PCT pafentrigphietion §C Ty HE0HA41 40, which
earp.hon?%mrc%lep ?al defﬂal?énn%ef%@ﬁcéﬁqc é;t?e wirel ess signals fromthe source
e re

12 via ess Co nicatl on 4. The antenna 108 nmay al so radiate
t he signals W@gmhelsémoekdmgrﬂmon%ﬂdk&”tm earphmewil 02| 16b acandimgne eatowsn | i nk

15. In ot her enbodi nment s arate antennas .may he used. For
embodi mERPSURRN Bt (RO CSEHTHICAP: BCTUSHHE Y aiousambadaments the qrpaes 404y Ok

nodul e t enna
%ﬂ@;g‘é%r 1 A HIFE ﬁie‘é%ﬁatﬁfﬁgqg%@esutéiggﬂ%&m‘}gﬂ@f Rhé alal, 0 Qhé"&&rﬂp&d&ﬁts%@

108 may er things ulate the’signals
transm lth@dirphomm 80rd 10k oiy\bedhdsanich dndimt elmsnaat&co&nbd'dlmew tHei carpddot ¢0110

communi cates with a baseban 112 ich er functl ons
mecess aFyPTReSHE B TR GHETL A0 BT Eher SRR WRe R GTalot hor
comuni %@ﬁ!p@ﬁk)nt@éﬂh@ Qﬁjphone 10 m}jﬂ @orﬁﬁx@&%ﬂ%d&’ 0688 $07, ohd %r RYe AR uktic

conmmuni cation with a processor unit 114,” which may corrprl se a

m cr opr teeskieers 106 (aadspealiérgl, aad ord qrmoremmtﬁnegeuﬁ (Beryangaedver Tireuit 100 and

i out t S0 0 praeneb i iy Sre i Al e SRR L e NGt ARRREET,

enhancemnes} ay Be hbigedivgihithedddy 02 SF Hrdharghoseil aesée Bygrée2 Hapgbangkhpr ocessor
112, including noise cancellation and sound equalization. The processor

uni t 114mbagingrats, thecagrithone swyicompipe rlditionst aenipherahepBPgnans, sudt® aand a
non- vol %1cxlo§h§§?§ W exiBble 122. A nenory managenent unit 124 may control the

processor access fo the menory units 120, 122. The vol atile nenory
120 may conpii sahiods@mbedangite thatramodoen cacor 380 mayeympRiMdntad asauidgle The
non-vol atile mem)r¥£un|t 122 may conprise a read only nenory (ROM. and/ or

flash miMeEptedicHewt {15), speB ap ABTgMYRIY ©9§). Whish hSaipnétwetq mHYgErEng is
execut e@o&éoﬁéﬁ% HRe @ﬁ‘ﬁﬂ&ne‘ﬂrﬂ whichs a ﬁﬁ%&qf e éaﬂﬁ‘lo;lb ﬁm\sat'b%el?&aﬁl?&
processor unit 4 may provide various nctionalities for the earphone 10,
i ncl udi nopatlhosiee, sW 204ilinGat O4PREE (8IS EGred 28387 for example). In alternative
embodiments, however, the components of the transceiver circuit 100 could be realized with two
or more discrete ICs, such as separate ICs for the processors, memory, and Wi-Fi module, for
example.

The power source 102 may comprise, for example, a rechargeable or non-rechargeable
battery (or batteries). In other embodiments, the power source 102 may comprise one or more
ultracapacitors (sometimes referred to as supercapacitors) that are charged by a primary power
source. In embodiments where the power source 102 comprises a rechargeable battery cell or an
ultracapacitor, the battery cell or ultracapacitor, as the case may be, may be charged for use, for
example, when the earphone 10 is connected to a docking station, in either a wired or wireless
connection. The docking station may be connected to or part of a computer device, such as a
laptop computer or PC. In addition to charging the rechargeable power source 102, the docking

station may facilitate downloading of data to and/or from the earphone 10. In other

embodiments, the power source 102 may comprise capacitors passively charged with RF



7 described herein, including synchronizing the playback of the audio

bet ween the pair of earphones. A digital -to-anal og converter (DAC) 125
may convewD 20hw3tkdigi t al audi o signals fromthe processorpcunistoidbdsssp anal og
fon-n for coupling to the acoustic transducer(s) 106. An I12S interface 126
or other suitable serial or parallel bus interface may provide the

i nt er f aggiiReInve@ih dshiRsdbRE @S B8, Paftint Nb 14 02nd1 L. Mehdwek3Burce 102 mbRDe
transceiver circuit 100 also may conprise a USB or other suitable interface
130 t hatcowplpdipsa perecrsgpiss saetralonedile 03 ofithe bresgerver eirrugbdierthaticogedlserd vi a a
USB cabl e ot her sujtabl.es,link. The ear phone 10a acting as the

mast er nr%f?tgﬂsft%’% %Soltuﬁogolg@lzhg digital audio data in a buffer 140 before
sending it tqhtheodstidmadidueeds)! 060ay ¥ the bpsakibleni@i(sh erfenvddis fieyohel toar t
of the volatile nmenory unit 120 as shown in Figure 3, or the buffer 140
coul d béhesyssaphihe caphoga}Q. obscasdins i Hastus enpadianents, theyqagahone P magicoprise

d' ' t .
rmy be BU P PO oo TSP B M R Bl R Rl SPOT, Phfcel TR
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The baseband processor 112 may be in communication with a processor unit 114, which

may comprise a microprocessor 116 and a digital signal processor (DSP) 118. The
microprocessor 116 may control the various components of the transceiver circuit 100. The
DSP 114 may, for example, perform various sound quality enhancements to the digital audio
signal received by the baseband processor 112, including noise cancellation and sound
equalization. The processor unit 114 may be in communication with a volatile memory unit 120
and a non-volatile memory unit 122. A memory management unit 124 may control the
processor unit’s access to the memory units 120, 122. The volatile memory 120 may comprise,
for example, a random access memory (RAM) circuit. The non-volatile memory unit 122 may
comprise a read only memory (ROM) and/or flash memory circuits. The memory units 120, 122

may store firmware that is executed by the processor unit 114. Execution of the firmware by the

processor unit 114 may provide various functionalities for the earphone 10, including those
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I n anot her enbodi nent, in order to synchronize the earphones, rather than
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sent via the conhection-orien communicati on protocol conprises
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the next-to-be-received UDP buffer status packet from the master earphone 10a, and make

adjustments to its buffer position over the time period before receipt of the next UDP buffer
status packet to reduce the amount of adjustment needed when the next UDP buffer status packet
is received from the master earphone 10a. For example, if over a time period of operation the
slave earphone 10b needs to continually adjust its position in its buffer 140 by approximately N
units (e.g., data bytes) each time the slave earphone 10b receives a UDP buffer status packet
from the master earphone 10a, the slave earphone 10b may calculate that over the average x

seconds between UDP buffer status packets, it could adjust its buffer position by N/x positions
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Wi | e various enbodi nents have been described herein, it should be apparent
that various nodifications, alterations, and adaptations to those
enbodi menye 20|ayo3oneur to persons skilled in the art witlpcatusasmomesssy of at

| east some of the advantages. The di swl osed enbodi nents are therefore

i ntended to include all such nodifications, alterations, and adaptations
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second acousti cC Speake
radio pulse or signal, which is to be broadcast at a frequency higher than the desired time

difference between the two clocks (preferably by an order of magnitude) — by an external source
or by one of the earphones. In one embodiment the heartbeat signal may be transmitted by the
same radio module used to transmit audio data between the earphones, but in other embodiments
each earphone may comprise a second radio module — one for the heartbeat signal and one for
the digital audio. The radio module for the heartbeat signal preferably is a low-power
consumption, low bandwidth radio module, and preferably is short range. In the Wi-Fi
embodiment presented earlier, the master earphone 10a may send a heartbeat signal to the slave
earphone 10b on the second radio channel provided by the second radio module, which is
different from the Wi-Fi radio channel.

According to various embodiments, therefore, the present invention is directed to an
apparatus that comprises first and second acoustic speaker devices (e.g., earphones). The first
acoustic speaker device comprises a first acoustic transducer and a first transceiver, wherein the
first transceiver receives and transmits wireless signals. The second acoustic speaker device
comprises a second acoustic transducer and a second transceiver, wherein the second transceiver
receives and transmits wireless signals. The first and second speaker devices communicate
wirelessly. The first acoustic speaker device transmits wirelessly to the second acoustic speaker
device data that comprises (1) digital audio data and (2) synchronization data. The digital audio
data is transmitted via a connection-oriented communication protocol and the synchronization
data is transmitted via a connectionless communication protocol.

According to various implementations, the digital audio data sent via the connection-
oriented communication protocol comprises TCP/IP protocol data packets. The synchronization
data sent via the connection communication protocol may comprise UDP protocol data packets
or ICMP messages. The digital audio data transmitted by the first acoustic speaker device to the
second acoustic speaker device may comprise received digital audio data that was buffered in a
first buffer of the first acoustic audio device and received from a wireless digital audio source
via a first wireless communication link. The first acoustic speaker device may wirelessly

transmit to the second acoustic speaker device via a second wireless communication link. The



device data that conprises (1) digital audio data and (2) synchronization
data; the first acoustic speaker device transmts wirelessly the digital
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packet s;
acoustic speaker device. The first acoustic speaker device may transmit the synchronization data

to the second acoustic speaker device periodically. The second acoustic speaker device may be
configured to track time intervals between receipt of the synchronization data from the first
acoustic speaker device. The second acoustic speaker device may be configured to compute a
status adjustment for the second buffer of the second acoustic speaker device based on the
tracked time intervals between receipt of the synchronization data from the first acoustic speaker
device. The first and second acoustic speaker device may be configured such that after a period
of operation, the second acoustic speaker device transmits wirelessly to the first acoustic speaker
device (1) digital audio data via the connection-oriented communication protocol and (2)
synchronization data via the connectionless communication protocol.

In other various embodiments, the present invention is directed to a method for
synchronizing audio playback by first and second acoustic speaker devices (such as earphones),
wherein the first and second acoustic speaker device communicate wirelessly. The method may
comprise transmitting wirelessly by the first acoustic speaker device to the second acoustic
speaker device data that comprises (1) digital audio data and (2) synchronization data. The
digital audio data is transmitted via a connection-oriented communication protocol and the
synchronization data is transmitted via a connectionless communication protocol.

According to various implementations, the method may further comprise the steps of:
receiving wirelessly by the first acoustic speaker device digital audio data from a wireless digital
audio source via a first wireless communication link; and buffering by the first acoustic speaker
device the digital audio data from the wireless digital audio source in a first buffer of the first
acoustic speaker device. The digital audio data transmitted by the first acoustic speaker device
to the second acoustic speaker device may comprise digital audio data buffered in the first buffer
of the first acoustic speaker device. The method may also comprise tracking by the second
acoustic speaker device time intervals between receipt of the synchronization data from the first
acoustic speaker device. The method may also comprise computing by the second acoustic
speaker device a status adjustment for the second buffer of the second acoustic speaker device

based on the tracked time intervals between receipt of the synchronization data from the first



t he synchroni zati on data sent via the connection comuni cation protocol
conpri ses UDP protocol data packets. 6. The apparatus of claim1l, wherein
the firstweeousiigospeaker device conprises a first earpoons2@@4dsde second
acoustic speaker device conprises a second earphone. WO

2011/ 031910PCT/ US2010/ 048337 14 7. The apparatus of claim1l, wherein the

di gi tal aabektie spéuker ddvais Ml dhdYmhP8lsh lcaﬁlbnwaﬁ&t%ﬁerﬁfae@@emﬁgﬂl ce to the
second acoustic speaker device conprises received digital audio data that

was buf franswitiing wirtlessly by thfefseeonslfaconsticispeaker devicsstoi the Hrrtipepugby Bpﬁ@k@rrdtvwe

receive reless . digital. audi o
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acoust i gyseakedtionetaCaa Md @hassiohlecddedfhhinit&idngosesiond acoustic speaker
device via a second wireless communication |ink. 9. The apparatus of claim

8, wherein: tlHe ckpmples qu@lt@%befé@rﬁﬁ%m“@dﬁl enilluptrace poieptial ed speoific Fi
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speaker ogf?ﬁg eg;?lmples is/are intended to limit the scope of the described embodiments. The figures
and descriptions of the embodiments have been simplified to illustrate elements that are relevant
for a clear understanding of the embodiments, while eliminating, for purposes of clarity, other
elements.

In various embodiments disclosed herein, a single component may be replaced by
multiple components and multiple components may be replaced by a single component to
perform a given function or functions. Except where such substitution would not be operative,
such substitution is within the intended scope of the embodiments.

While various embodiments have been described herein, it should be apparent that
various modifications, alterations, and adaptations to those embodiments may occur to persons
skilled in the art with attainment of at least some of the advantages. The disclosed embodiments

are therefore intended to include all such modifications, alterations, and adaptations without

departing from the scope of the embodiments as set forth herein.



11. The apparatus of claim1, wherein the synchronization data conprises
cl ock synchroni zation data. 12. The apparatus of claim 11, wherein the

cl ock syngbronimadioon data conprises a heartbeat signal pcTAB2010hgs33ppar at us
of claim7, wherein the synchronization data conprises buffer status data
of the first buffer of the first acoustic speaker device. 14. The

appar at yg Qofvig! ai m 7, wherein the second acoustic speaker device conprises
a second buffer for buffering the digital audio data received fromthe
first ad¥haitis elasprsbker device. 15. The apparatus of claim 14, wherein the
first acoustic speaker device transmts the synchronization data to the
second acoustic speaker device periodically. 16. The apparatus of claim
15, wherei n tAieagpReMRCoagRI4Ele C speaker device is configured to track time
i nterval s between recei pt of the synchronization data fromthe first
acoust i @ fgpleasresticapoaker devigromprisimsa Hisb popsiszasdred @88 7 (s trapyceiveke

appar at % &l B %ﬁf wperein, gﬁd COREL SEUSEd & $Peaker device is
configu&ggglg ébﬁ%t e a s%ggus(% Juﬁgﬁgﬁgygogggﬁ%ggggoﬁﬁ buffer of the
second aceusid acospraledketl datiicecdagathgonsdchad ddoastketladsingr and essmind bet ween
recei pt of the synchronization data fromthe first acoustic speaker device.
transceiver, wherein the second transceiver receives and transmits wireless signals, wherein
the first and second speaker devices communicate wirelessly, and wherein:
the first acoustic speaker device transmits wirelessly to the second acoustic speaker
device data that comprises (1) digital audio data and (2) synchronization data;
the first acoustic speaker device transmits wirelessly the digital audio data to the second
acoustic speaker via a connection-oriented communication protocol; and
the first acoustic speaker device transmits wirelessly the synchronization data to the

second acoustic speaker via a connectionless communication protocol.

2. The apparatus of claim 1, wherein the digital audio data sent via the connection-oriented

communication protocol comprises TCP/IP protocol data packets.

3. The apparatus of claim 1, wherein the synchronization data sent via the connection

communication protocol comprises UDP protocol data packets.

4. The apparatus of claim 1, wherein the synchronization data sent via the connection

communication protocol comprises ICMP messages.

5. The apparatus of claim 1, wherein:

the digital audio data sent via the connection-oriented communication protocol comprises
TCP/IP protocol data packets; and

the synchronization data sent via the connection communication protocol comprises UDP

protocol data packets.

6. The apparatus of claim 1, wherein the first acoustic speaker device comprises a first

earphone and the second acoustic speaker device comprises a second earphone.



18. The apparatus of claim 1, wherein the first and second acoustic speaker
devi ce are configured such that after a period of operation, the second
acousti c wpeakgizsigevi ce transnits wirelessly to the firstraseusiisssspeaker
device (1) digital audio data via thel4connection-oriented conmuni cation
protocol and (2) synchronization data via the connectionless comunication
protocol. 19. A nethod for synchronizing audi o playback by first and
second acoustic speaker devices, wherein the first and second acoustic
speaker 7devi céhecpprnatis odtrkimily whesal the digie] melidhdaia tronpnitted by the fishaoviustid ng

w relessly by.the first acoustic speaker device.to the seca acoust i
epeaker SBUFLASAR R Bhire Ot e SRRRY da GF Fa Drt b apy da that
synchr oRjZaufRrbdda b First e bithe R abbiistt 18810URYVIcE afP ERKRED BRI £ RilelB8OSM t's
wirelessly the digital audio data to the second acoustic speaker via a

connect idbgitad pudip sewice virmaliistwireloss gmunebedtionding- t he first acoustic speaker
device transmts wirelessly the synchronization data to the second acoustic
speaker via a connectionless communi cation protocol. 20. The method of

claim 1%, wherriappirags dif gialral7, dtekicth tHafigst 96Mistiv bpeakBEdcvueneiedl B nradkmanioed
conmuni cati on &;otocol conprises TCP/I P protocol data packets. 21. The
net hod dhe scapdpergstinsakar deyise vinmhwspwhvi gleposonypumicaimlink a t he
connection comuni cati on protocol conprises UDP protocol data packets.

9. The apparatus of claim 8, wherein:
the first wireless communication link comprises a Wi-Fi communication link; and

the second wireless communication link comprises a Wi-Fi communication link.

10.  The apparatus of claim 1, wherein the synchronization data comprises audio playback

data of the first acoustic speaker device.

11.  The apparatus of claim 1, wherein the synchronization data comprises clock

synchronization data.

12.  The apparatus of claim 11, wherein the clock synchronization data comprises a heartbeat

signal.

13.  The apparatus of claim 7, wherein the synchronization data comprises buffer status data

of the first buffer of the first acoustic speaker device.

14.  The apparatus of claim 7, wherein the second acoustic speaker device comprises a

second buffer for buffering the digital audio data received from the first acoustic speaker device.

15.  The apparatus of claim 14, wherein the first acoustic speaker device transmits the

synchronization data to the second acoustic speaker device periodically.

16.  The apparatus of claim 15, wherein the second acoustic speaker device is configured to
track time intervals between receipt of the synchronization data from the first acoustic speaker

device.



22. The nmethod of claim 19, wherein the synchronization data sent via the
connection communi cati on protocol conprises |CW nessages. 23. The nethod
of cl ai mW®,20omsi@|bn: the digital audio data sent via tlpeT/US2010/048337
connection-oriented communi cati on protsocol conprises TCP/|IP protocol data
packets; and WD 2011/031910PCT/ US2010/ 048337 16 the synchroni zati on data
sent via the connection conmuni cati on protocol conprises UDP protocol data
packets. 24. The nethod of claim 19, wherein the first acoustic speaker
devi ce ddnprrﬁesmamhhmSWCbanﬂﬁawbﬂamdhth@msée@nuﬁ@qnukmkbvspéakmﬁgweﬁnce

25. T f cl t her.
compr | SFREPURGCLrYR FOVAITEE! B Liasengra ere pF Qe Saubleepistie sesaber i sed
di gital oaudé Radkal @n{alﬁf&@aly\bétwle&ﬁ&cap%fttﬁé st RiAOBA G8ta\iodn dheffirkSdcoustic

w rel ess communi cation link; and
speaker device.

18.  The apparatus of claim 1, wherein the first and second acoustic speaker device are
configured such that after a period of operation, the second acoustic speaker device transmits
wirelessly to the first acoustic speaker device (1) digital audio data via the connection-oriented
communication protocol and (2) synchronization data via the connectionless communication

protocol.

19. A method for synchronizing audio playback by first and second acoustic speaker devices,
wherein the first and second acoustic speaker device communicate wirelessly, the method
comprising:
transmitting wirelessly by the first acoustic speaker device to the second acoustic speaker device
data that comprises (1) digital audio data and (2) synchronization data, wherein:
the first acoustic speaker device transmits wirelessly the digital audio data to the second
acoustic speaker via a connection-oriented communication protocol; and
the first acoustic speaker device transmits wirelessly the synchronization data to the

second acoustic speaker via a connectionless communication protocol.

20.  The method of claim 19, wherein the digital audio data sent via the connection-oriented

communication protocol comprises TCP/IP protocol data packets.

21. The method of claim 19, wherein the synchronization data sent via the connection

communication protocol comprises UDP protocol data packets.

22.  The method of claim 19, wherein the synchronization data sent via the connection

communication protocol comprises ICMP messages.

23. The method of claim 19, wherein:
the digital audio data sent via the connection-oriented communication protocol comprises

TCP/IP protocol data packets; and



buffering by the first acoustic speaker device the digital audio data from
the wireless digital audio source in a first buffer of the first acoustic
speaker dewi2om/03mherei n the digital audi o data transnited/isyothessBi r st
acoustic speaker device to the secondiéacousti c speaker device conprises
digital audio data buffered in the first buffer of the first acoustic

speaker ugi%eﬁmﬁ@?n dhe sarthogle e&&b&é}m&%&%%&ﬂ Hoto6! dontpise@ipst i C

speaker ce wmreless transmts to e second acoustic speaker device via
a second vproticesdatepaakatsi cation |ink. 27. The nethod of claim26, wherein:
the first wireless conmunication link conprises a W-Fi comuni cation |ink;
and the second wireless communication |ink conprises a W-Fi comrunication

link. 28, Theemihetorfaif] A, Whbhin WRETSH RobdR pYAChESAEL &nhRiseslatigst

conprises audi o playback data of the first acoustic speaker device. 29.
The net kaghofe aidthersd@nd awhaistt spaakier deyirelvoomrisen d ssroribeaplimepr i ses cl ock
synchroni zati on data. 30. The nethod of claim 29, wherein the clock
synchroni zati on data conprises a heartbeat signal. 31. The nmethod of claim

25, whengi n t1ipe nssd G fulimatd, Girtibatameaspgi ses buffer status data of the
first buffer of the first acoustic speaker device. ) o
receiving wirelessly by the first acoustic speaker device digital audio data from a wireless digital
audio source via a first wireless communication link; and
buffering by the first acoustic speaker device the digital audio data from the wireless digital
audio source in a first buffer of the first acoustic speaker device, wherein
the digital audio data transmitted by the first acoustic speaker device to the second acoustic

speaker device comprises digital audio data buffered in the first buffer of the first acoustic

speaker device.

26.  The method of claim 25, wherein the first acoustic speaker device wireless transmits to

the second acoustic speaker device via a second wireless communication link.

27. The method of claim 26, wherein:
the first wireless communication link comprises a Wi-Fi communication link; and

the second wireless communication link comprises a Wi-Fi communication link.

28.  The method of claim 19, wherein the synchronization data comprises audio playback

data of the first acoustic speaker device.

29.  The method of claim 19, wherein the synchronization data comprises clock

synchronization data.

30.  The method of claim 29, wherein the clock synchronization data comprises a heartbeat

signal.

31.  The method of claim 25, wherein the synchronization data comprises buffer status data

of the first buffer of the first acoustic speaker device.



WD 2011/ 031910PCT/ US2010/ 048337 17 32. The method of claim 25, wherein the
second acoustic speaker device conprises a second buffer for buffering the
digital awmoi201dstacreceived fromthe first acoustic speakerusdeviossss7 33.
The nethod of claim 32, wherein the firrst acoustic speaker device transmts
t he synchroni zation data to the second acoustic speaker device

peri odi gal | y.The3dethd6f BN vHerdih BleBedshd dcbtsthehc ARFREVISE BinfrisRS KsO@DnBY
t he second acoustic speaker device tinme interval s between recei pt of the

synchr ot fos hutferiag thesligitah audip deate reesdiedtiram Sppditkietcougis speaker devicerhe
met hod of claim 34, further conprising conmputing by the second acoustic
speaker device a status adjustnent for the second buffer of the second

acoust i g3speakemdéryd 6fcliiassx] werdii thd fr8Cdcodstid sFealientievivairanshgtsween recei pt
of the synchronization data fromthe first acoustic speaker device. 36.
The net Kpechspnigativndatago thesached acoypiys snepkey device geriedigldlbi od of operati on,
transmtting wirelessly by the second acoustic speaker device to the first
acoustic speaker device (1) digital audio data via the connection-oriented
conmmuni G4t i omhemadéthaddf dxich I3 sy cbimprising tiacking 8t theweaoridwoadivnspedkedn| ess
commun! %2%03 gm%rigtte?\?a?sl between receipt of the synchronization data from the first acoustic speaker

device.

35.  The method of claim 34, further comprising computing by the second acoustic speaker
device a status adjustment for the second buffer of the second acoustic speaker device based on
the tracked time intervals between receipt of the synchronization data from the first acoustic

speaker device.

36.  The method of claim 19, further comprising, after a period of operation, transmitting
wirelessly by the second acoustic speaker device to the first acoustic speaker device (1) digital
. audio data via the connection-oriented communication protocol and (2) synchronization data via

the connectionless communication protocol.



