SYNCHRONI ZI NG W RELESS EARPHONES | nventors: Mhail C. Dinescu, a
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Varrenvi l Iygg 2biilobdgl s Adam Kuj anski, a resident of Bar tple@idszoihhdgsoi s
Bri an Gaza, a resident of Naperville, Illinois Mchael Sagan, a

resi dent of Marshall, Wsconsin BACKGROUND W r el ess ear phones
or headsets are known. For exanple, PCT application PCT/US09/ 39754,
which is incorporated herein by reference in its entirety, discloses
a W rel ess earphone thagyNegERUSIZENG WIREBESS raapgnNgsgi t al audi o.
When a user wears w rel ess earphones in both of his/her ears, the
playing of the digital audio streampreferably is synchronized to
reduce or elimnate the Haas effect. The Haas effect is a
psychoacousti c efifiegtory: eMih@atlCt Dinasogy otepidedt ofiGchduobyrgpHimasrena known
as the Precedence Effect or law of the first wave front. These
effects, in conjunction Vésehh ¥anson yesideaodfi WWatsyilteollldidier physi cal

di fferences (such as phase differences) between perceived sounds, are
responsi bl e for the abil iAdgmdfujhiskt, enesrdeniwfiburtiatiplibagis to | ocal i ze
accurately sounds comng fromaround them Wen two identical sounds
(i.e., identical sound whves Cofa, thresidahel Napeneliy dindint ensi ty)
originate fromtwo sources at different distances fromthe |istener,
t he sound created at theMirhrsbSagah.gomsident of Matsball,dViseansinves) first.
To the listener, this creates the inpression that the sound comnes
fromthat |ocation alone due to a phenonenon that m ght be descri bed
as "involuntary sensory inhibition" in that one's perception of |ater
arrivals is suppressed. The Haas effect occurs when arrival tines of
t he sound%“@@@ﬁgﬂmﬁ% more than 30 to 40 nmilliseconds. As the arriva

| ncreast ngl y oL TLer oagmett SRy dof i Ve RAME RO AR s, i

begin to Pl(jﬁ“flﬁé@&/?zp’léé whisit 1snn¢oxpo'f#tﬁc$h¢rsmr’ootrefaredes;mmsmstuefyt distlosda@rwireless

i .
2011/ 031 78RR CeeeleS el B Sraf R maiq s wispapas viefsag pumhones
the pres ellﬂboth r@mlmbmfsi thedildyeed &Uhd Gigitbiaadio @aee@;upﬁef@ﬂﬂy Bpeadednized to

devi ces, earp S 0 r typ | ou speaker

synchron6 9%? 5@}%31 eJ T e 3’? ﬁagﬁﬂzf%edaﬁewc PAFOBHIG © ifﬁ%@?%magmup
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(e.g., earphone) acts as the slave. The naster speaker receives

di gi tal &tes lﬁatwauwcﬂ@mrwathé:wme’e@m’@n(@ te clardiphysiesal didfepsingssi (Aephtap phase
digital .
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such as data that ,ndic uf f er. st S.0r ayhack i
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data fr ormétéieesrm e IBpRak te sb@mﬂdtdi&i at tieOdlosRatasqation ISIHeﬁrdbzaxfnfves) first. To
status or_ playback position, so.,that die two speakers ﬁ@m the audi o

synchr ondRSHjeneh s cregies e fmprepsiqn i the saved 6?1"6%5)%1’? Hapiveatignannedemto 2

the mast ehefReAkLha t Be SQBRGG ds ORrvaluh @R RHsdP) BhA&Rin" i BENoRSs perception

TCP/IP, to transmt buiffered audio data to the sl ave speaker anJ]uses

a connectof tarassvapriesuppoisseds (idi Hags effipt ogepivpvhen arréia) tipehelrthe spmds differ by

over head nGhr.
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sources increasingly dlffer 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.



Various enbodi nents of the present invention are described herein by
way of exanple in connection with the follow ng figures, wherein:

Figure | iWdusthosbas a pair of wrel ess earphone accorqlbmgjsﬁtgo,y@gg—,ous

enbodi ments of the present invention;2 Figures 2A-2D illustrate
vari ous enbodi ments of a w rel ess earphone according to various
enbodi megUapafARtvhe present invention; and Figure 3 is a block

di agram of a wirel ess earphone accordl ng to_various enbodi nents of

the present i Fv&stEeneial asesstihaprpsont invention yipdirested (@ ptsutranlstienl speakere

pr esent t es
e S e SR s R el
synchr onoagsivyd fbana ssudico I @paimbedinfangmna smalgfrrc{e g, mhmEaMth mesitrsand

of the pLes nt in her th reference.t .
i r ol a5 VAT shbEte ey Dbl RAF A B oS fihostls e SEsROE el ancio
recogni zdsakatfikaf a §duece and Staddifion ® m@m@me Idigmal @dzoa:ﬁﬁbnﬁéd&ifonﬁﬂhfefs&lire&lﬁhe
types of speakers besi des ar.phones. co d . be u

2011/ 031 FHEEPERKkss 6o tsnamigsiae digitphpugioda ee%%&dl’??gﬁt J\Qom?stgaﬁne@k%n t he

ear phonegqdifbnaal Refds kyRBRnPhtisPEAK RS B 9@ Helkent8sh 10D Wi BLRSShe
Figure 1 is a diagram of a user wearing two wrel ess ear phones 10a,

10b - onbuffer stadusor glaybackgogidier pf @emanf@r eriepkert fbe dayepherkesutilgss theob

may rece [

st 1 eani n's %hfaoﬁ%ﬁﬁs 8&% fr%ng'rgllfﬁ%%aﬁ%ras?éeéyﬁgﬂo (_?ﬁ @T'cg aerQIalg eqsrszl'f'%pstﬁﬁ% or pleyback
t he preseoditiomvefitaf iweaspeakn]s play &= audmynhhmmgslfz (mg; withialthicp eriBiseconds).
one of the earpnhagnes a as.a naster and the other y act

Slave | ISl T Ryl e Ak Ee b St e B praimitbes B o
this des Ghhgptit ButferédefiovEsa @ithd dldle spetitcOardialsas f éRfvRiole® fratocalUSIcR as
source 12 via a comunication |link 14 The comunication |[[ink 14 ma

be a wir &REsICHP, 0 FWthes fh Ve aYsrisdproireol farthpagcaronggliphdive megdition,

then wir gld %gé&&mtrﬁmﬁ%nm@sas%tev%@ds‘iweeam ng audio to the slave
ear phone 10b via a wreless communication link 15 The two ear phones

10a, 10b play the audio nearly synchronously for the user, i.e.,
preferabl¥ vmth forty (40) mlliseconds or |ess difference in the
arrival RESand nore preferably with thirty (30) mlliseconds or

| ess. ! Vaﬂ@tfs' PR BB RN rBaenBitvliRa %fetlf‘egcdb@d REEnARRY 4y ek 8fple in
PCT/ 13S09/ 39754, which is incorporated herein by referencé inits

enti retycomenmm@ef@liqmygﬁeﬂas dihgtetal  audi o pl ayer (DAP), such as
an np3 pl ayer i .

2 o, Sugh b8t Y PNl aPlar Aok AR RTP AR ool of he
pl ays di gr@aitnamdmm,fl | es, and that conmmuni cates W|th t he master
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comruni cakiin eﬁib@&(ﬁfcﬁisdﬂﬁjéﬁaa;eﬂsﬁﬁbnﬁﬁ’ﬁfahar abl y, the W reI ess link 14
is a W-Fi (e.g., |EEE 802.11a/b/g/n) conmunication |ink, although in
ot her embodi nEREEe Yisphickdiagim ef ewi cletsrRstnbreatgesidins e v 6%‘615§11Wﬁ91“1§§t5 of
used, sugh ReseMVilei6h EEE 807 16), Bluetooth, Zigbee, and UB. For
enbodi ments where the data communication link 14 is a wired l'i nk, any
sui t abl e communi cati on protocol may be used, such as Ethernet. Al Sso,
the source 12 ma be a renote server, such as a (stream ng or

non- st r & (&Jtal audi o content sewer connected on the Internet,
that connect svhRoldentdRRiSks &%@é}%ﬁt HOhntioR W tifkStel tPelBdhroRC ARG Elﬂhﬁ@r
of a wreless network or via a wired connection. For enbodi nents

wher e t hdedeasghat ghehangownlunnipation dag sp shagihespesker davines sinchioneusly play audio

car phone F6 s bas VAEER iR aRat Sl AP A A AT h B i
audi o fr osferehee tmrebesewrpﬂunaeas]tﬁasgeakdr Idevxsésaaléloegr polslnzicl Hﬁ)iecmnzteh ¢hat the

wireless ngv%ntmnnils %gg slo mu{eldryr(xd %h%t different types of speakers besides earphones could be used



I n one enbodi nent, during the course of operation, the earphones may

switch roles as master and slave. That is, for exanple, the earphones
10a, 10b Rpy28¢0p00ranmed so that if at any given timpcegkRhigngssk0a

is acting as the nmaster and earphone 30b is acting as the slave, at a
subsequent tinme earphone 10a may switch to being the slave and

ear phoneinl@erBboaBete [ AeiitiddDRQAbhORE QORI 1132 04 HeRdBI A8 nbt he@li®o be
of master. Because the transmtting (e.g., master) earphone typically
consumes Wiiskess- power than the sl ave earphone, switching roles may have
the effect of F omer 0 '

the two ear phg es 1183,‘1;4%’83[5[? SEFQE%&Ertgga‘gge}:??ﬁlgoql}é%l(%’D?(Z&jggééa@%am
how t he sameisrdesiribad harinpthe edrgphengs il 0r, pPlayiag cdceivapnbsynamnawsbiohlas digital

det ai | i | 10a, .10 di : '
bt neh e R At DR APy S Ao SECH b Rl BB,
and 2B sperdt ventidnl, & @nteivenibaw aweing sunefioddh epeaigphenas thlsarplofes may act as

exanpl es shown in Figures 2A and 2B are not |imting and ot her
confi gur a preissanstthe QiiEHPRY 9hes & 8ffe IBFaHERhofERE thewister pomhongesay

shown ing rBH&HeGI%a 2O mands#Biiod, 16cBRE REAREuER (BYEERIRIiGPaRiPRMYeed0 via a
The body 20 may conprise an ear canal” portion 22 that is inserted in
the ear eanaunigaticnHekdeThe ornmanisaiiqaiovd 4 may heay visdless onpaad aepmynication
t he body; Y ' ; ' ' ; iy t

e erocyial, ShaRaTRLSAI A% AN PILE ol BESR-E LRl

a knob 26aes esspghbe dOtheir avgeless cmbimohicftimdinkds. dhdived garpghones 10a, 10b play the

pressure-agtivated swtc | ever, etc.) for adj i t he shape of
Phe”oar - BiPeBhro SRSy frdbe en S ooty S e PR B8R oo o
(e.g. rotafdrany irtthe biEaknad, 201 ABY peaIaB yiWwith BRfy (S ailliPeddds onled? t O
change shape so as to, for exanple, radially expand to fit snugly .
agai nst al | sfifegiops cobpdiment. ag desgrbddn AT dogkieater Pt PSY éhariarhg
such a shapgschangdg bg@éfa%e%&m%@tg%e sSIRSETH REFbd DaidRRAlLER ARy
PCT/ USO8/ 88656, filed 31 Decenber 2008, entitled "Adjustabl e Shape

Ear phone{PARhisedh dsanimpdaiqysr et adPod oe kry eiperrseitaiesmieceof digitel andio, peahyas a
T . ; bl P
the body SO FRsPISBEPGET R G2 ahBIAER Al RIS AIRHRE ortbeldis

t ransm t wathdhe megencerpthbee ilarvid s dataicomadusicatidrglitkr lain Foe bvbediments sihere the
may be hqused in the exteri.or.portion 24 of .the earphaone. 10 and/or in
the ear CAREPTPHRICHY IF 1415w “’%F% W&ﬁ%‘l’mta'i’lﬁé""é&é?xﬁﬂ“é‘g‘étéf RBRELC 6ma>’lbe

shown i Nufdd) Wh&feraBlhgy, @BeiBss M Lo aavKPQR.e2 SEER ROA Y] dAFE/mNebrhditnisNRBnk,
of the ear capal portion 22, the present invention is not so limte

. : : d
and in oflilgsinearrRsHodimenty di Hprent virdles SOBBERaLoNPIRIGEHS DBY haysadesuch as
used to g@iigk (fﬂﬁ 7165380 RA! £ibOR, £ UWE. A ehnbOfimeh wHeR8he data
enbodi ments, the earphonhe 10 nmay not conprise a shape-changi ng ear
canal porcemorniRtion link 14ipa pided tink by diitabie commamickomprofasol hay be used, such
illTustra dj Fi n r.pl _
compr 1 se " HSRSE ARGy Pupge F Wbkl 8w W STRAeR R brgaming
hang on, digial asler doateatterverconteete® Gh itk [atepet, shpe cdineds W dwmaftet dxephone 10a,
ear phone and Figure 2D is si de view accordin 0 one,. en‘g:odi NFH% As
shown i nSEHES I PAFEE BEDEMFOUTHEN PR O YR B YRR CORpPPe@Ements

dual spegkRfe Bt @B BrBmaficatdA linfN 8 iPhirtIeR, S dlehks &IngiRNESioh 1R 15 between
smaller one) 30 is sized to fit into the cavum concha of the

i st ener the Bagter gpphentel Og pé heslaxpeaphquer 80 may yee the Aepe BIWPE pefocol fore
listener OBwsHRend BE ﬁlﬂﬁ‘@ 86k hdmulie eﬁ?ﬁdxfe' 1984 &€ Sﬁ@é 9&@@'&5@6 B hdifle wireless
nt e ar nmm a

listener”s ear. In that connection, hanger conpri se
hor i zont abmgwoicataomn lidkald. r est s upon the upper external WO
2011/ 031910PC'1|'/ 1JS2 19/ 048337 5 . .
n onteembodiment, during the course of operation, the earphones may switch roles as
master and slave. That is, for example, the earphones 10a, 10b may be programmed so that if at
any given time earphone 10a is acting as the master and earphone 10b is acting as the slave, ata

subsequent time earphone 10a may switch to being the slave and earphone 10b may assume the



curvature of the listener's ear behind the upper portion of the
auricula (or pinna). The earphone may conprise a knurled knob that
al | ows t heygs@ini9iadi ust finely the distance between theRanhéR5-2l
section of the hanger bar and the spepker el enents, thereby

provi ding, in such enbodi nents, another neasure of adjustability for

the user B gagét %ﬁé%@faﬂgmr@t{@ St icaffl |
earphonemmay bg found |Sn PCT pat1 %ppl IC tiﬁS%ﬁ%%%E%lﬁorePgWQ
i's incor ﬁmnéh%ﬁaW@ﬁmhm%ywﬁéﬁmmiﬂS@aymaw thegfftitrof eyening the powir gowree &g,
is ablo f the, earpho 10a, 10b according to

vari ous E%%gﬁ} )fon%gﬁwq‘r"rgsemmmmﬁ@be]n?ﬁ%n Because, in various
enbodi nent s, Bhﬁr@tﬂ?ersm‘himm riéle dethDhoanlee PacgoRinaRe of thdwaie fld®ack may be
capability .to switch rol es as nast r an sl ave, .t he caonponents of the

ear phon egéﬁ)‘ﬁ SPots S FReatding FRrplpEey | 9ay 54 %f"é‘émér%&ﬁ% nt,

the ear pbeBedikens @ﬂﬂfelpﬁ@@ntanﬁehﬁa!@&e 'ﬁY§ Hedehib&d!i figdhBO2 ARk S8 LRIV HvO different
peri pheral conmponents. The enqﬁheral conponentsS of the earphone 10

nmay conpﬁméédla’eﬁfé\ﬂéffhes?éﬂ?h@*@si@Z he gramgiesshpwen Hoiggeres 2A rpdAB dtrowt mithe
(e.g., @5’&513{)0 QLR e s@ %@%’é&%ﬁt mJ 10}1r §ﬁcﬂbrhﬁr}7‘1%1res 2A
Cco

circuit 1 e peri phera onent's (suc
sour ce 1@&d aBdhe bmplamodétnay mmna&mhmifyszowfﬁ): bn@yzﬂmajnmmmﬁe\an tadm aandlhe

body 12 of .th hone ee er enbodi nts
Che ear pROHEM A2 AL BTl MG B o B o5 o8 Peicotrlno lBrp S bRt et
M cr ophofte, bolig 0 @kamply@omprise an dxierdafdrds 2€1HOE inbERbdted i1 user’s ear canal.
transcei%ﬁr circuit_ 100 may be jnplenmented as a single |nteahated

circuit @PEFXICHIPNTLRN 24 PLIOBAISHE KRN Bseme ofer BT FNtop(FYcRasAdiplpa

M ni at ur hzds@fe-hhiRakl @Wﬁ&? Mv&r, Q. )tfﬁxeacﬁl?shﬂg‘%%héﬁmfm &Pcdnil portion 22. That is,
advant ageous i f the earphone ‘10is to be relatively small in size,

such as &hvareueapbetimpbreti(asion (72 golaben) 2AtRENDY 26 maziepise fhe epncanal portion

| t t f
i rourt 750 SRRRCHIRE S UGS RAIRADST B Quaeb MEahb AR, HPtre
separ at euseCs choranalhdupghacksde repardimenocly 2 sleapd-chlingkig smﬁhﬂleex;phf)ma’are described

" ecnar oe e ol AT SR PRRCRed L PR 708, B er bR Fone,

enbodi neRh$hohdfewhioley inSapseRd h&%lﬂweﬁﬁﬁiﬁé {nSies RALtR I THYagbhone 10 also may
ultracapacitors (sonetines referred tqo as su&gr capacitors) that are

char ged BYMBFISSH HasSPsh fEritdwysedavithin the badu? tre Rhastranpest v clguitpdeseribed

sour ce 1Q2aePPRbY SRSy fadsBSi Al 982RE RISk Yighek! TRE traﬁcewer circuit may be
ul tracapacitor, the battery cell or ultracapacitor, as case n%l

be, may b@uSéﬁar@e axteer nesteon Hor tacanpioas 1 Guretiortin dhecsar m@k@rﬂtm %5
connect .ed to I %@ﬁ'ﬂ@eﬁhﬁ hoh@s ﬁ}' stngl\%ﬁ ifFi gg{\%d% 1?(!11?(?6 afknob 26 for

connecti on. Ki n be " conne
conput er aﬁemngehe shapdnoﬂhe earlcaqmi ppmm apuhepresant Pention 1§1d<ﬁil sb ﬂmﬁteﬂ LOand in

charglng recha bl.e omer ce 1 t he doc |on
aci 11 v Speaen R rare e UGS o 2D HeRe b e g Gy
ot her enbegionent & addhﬁmpﬁ%ﬁw%&%&ﬁwﬂ@&hgﬁég BROi &ﬂgl%rts%%hape—
passively charged with RF WD 2011/ 031910PCT/ 1JS2010/ 0483

radi at i oﬁhangmgr?alagana]é@&qwd in US Patent No. 7,027,311. The power
source 102 may, Qe CoisBlGkniO asashg‘@}rwrf th%%ﬂ%ﬁ@te&%%@ﬁle %‘t\lﬂés% 8 230 %ne

transceiver circuit 100 that cont s and nonitors t  source
102. earpifthe 1fceaystomprise ahsgackr (18 )thalalﬁowmtye bzeplncm@ 1§p@a1i<;euo, or hang on, the

el enent (ﬁge S%'érch g%bﬁ% éé}g%e%fyen‘g%‘%%f{hee re SBW%I—"[’I eew%\%e or

Accordi ng {3 arious 6 e earp one Hayc ¢o
nor e acossbiding toams dmbeahmeiho 6As dhotvn éirthe diluyabicd eﬂﬁaudxn@nmea@hm ongay

t ransducer, one tra er | arger. tha e oth t ransducer ,
and a cr 6%ERsdud; SPE & ERERLS g@rﬁn)o"ﬁ%g ‘?‘?gﬁ’i "Berf’?ﬂ%s ﬁ’igf‘gf’rﬁ‘éailer one) 30 is
f r equenckigsd foGittiMe ﬂ&:fm{thﬁ leohidh@ B8 dm@fen@f%am thé BIRSNEEmEN @thb DU one) 32

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 7 descri bed herein, including
synchroni zi ng the playback of the audio between the pair of

ear phones.wo 2011708108 9i t al -t o-anal og converter (DAC) 12%cHR2¢0M4eHt
the digital audio signals fromthe preocessor unit 114 to anal og form
for coupling to the acoustic transducer(s) 106. An 12S interface 126

or ot her cgahiphdenSBitéml s 04 eRina ielppBUsoriidH (ﬁﬁfn@ﬁﬁicﬁﬁ)(ot?ﬁ@ﬁ’aj).d?hé Bphone
i nterface between the processor unit 114 and the DAC 125. The

t ranscei Wy cempase & knpolgd knauthatgajlows theriserdo adiusBinsty the Risienea etwugendhe
interfac : o .

ext or nal Mgl Stiof bt G¥BuldPpERR UGS, Hitn By WA SE. B

ear phone eddeadiactisngpotier tlessunasitadjustabiitybfof flerusérhMora domilnggatiipg tsadh a dual
audi o data in a.,buyffer 140 befqre sendi i o the tr r(s) 106
For ot ay it AGRHEHF Eaedihs Tperutin PO gt S Giom e TNIFHA B e
120 as showeorpétated Gt 13 refencB @ ibntigny. 140 coul d be separate. In
various enbodipents, data, in bytes, for several second' s worth_ of

audi o, such aSEPFRs abiecsingrarn Pt pret theserhensrelOaalRbaseording jo yasious

buf f er ed ei.n'Bo&iﬂﬁntbdﬁtlfx@él'es]eﬁpimve‘!m{.oﬁ.h BEENisd 6 Rarfolub EMbaTimBME fBE @m‘ﬂi‘f&‘ﬁes H)a, 10b
mast er earphone 10a also forwards the rncomng digital audio to the

sl ave eappsionganoisd (o kave drmaansllitito switdhrrieles s mEsier atdtshave,dhdepmponents of
f d t I 0b . it
orwar de eue%%]}gpx?esflﬁg%/ﬁr?a@yﬁje}:QFﬁsa%& % 191?5&21%?%%@0 151?391% ftl{eoeg]milxgnebh (,} fer

transmt e Sane as or ren rom
140. comprisead thahiceiver ditvait (188 ted reRaadpiecpkerdi@ampayensse Mhe tperipieeal sl ave

ear phone 10b synchr.oni zati on, data, such as the current byte position
of he nedmpetetlon s ratton Tk fommrss denet sl e e Ratishone
| Qb to sunwERdl Eeld, Spekay), A8d Bfe driiord ekl 10810TIR: iinkébidedd QirdBSI®and

ear phone's playing of the digital audio. The synchronization data may
conpr i se S¢taf &f hpafaderal eomponents (Pigh pethe poyersourse 187 agditie reqysiis transdicsts

the buf T ebeids fndolis RS e 1RAY PRGAEe Bhontitd BUlHiBre>t ALY, ARl TBY

include, for eéxanple, data inditCative of "indices fo ?ije read and/ or
write coembgdiofentsiibe barpliase may comprippadditenelgeoghereltompohatyrashes a

earphonemligr% ktmrn%nf%pé}'ga he buffered audi o data using a

connecti on-ofi entéed pr(%)t%col and uses a connectionl ess protocol for
t he synchroni katdrions elab@liméms, thxi@apletver cheuinHE Ry ieaibpionatcliQ8 a ginygle

transmt . data packets for the buffered, audio data to the slave ..

car phone BBHEL PRS- TP PSP OREaiP (PG, TCP COM BN e EoA R e
transmit cﬂﬂ%@leﬂ_@@fﬁ{e&ﬂ'ﬂbné e waNdRGH bRRhHSEde Y tHAtAp R 1D & Blbe Y&atively
ear phone 10b using the UDP protocol. The naster earphone 10a may send

t he UDP &@ehih¥essich apar ioedr saphone (seediigues #yeByfopesmpfe). Bialmagiye 10
Seconds, Qo &iibhts Hd¥elve B! Bfimor rgﬁ?@ vl Rirdyy 1aGediBed &
earphoneelog maysbe prggrgr(r:ne otég%sdgrtll t 2‘%‘&%?*&@@%°§m€§§k‘éts an{ fwo
UDP synclor onirezdsdrgn Ik techpa simtate G fohibe staavsosampinaryeadiOWi-Fi tnhddeder

or firmware %ored in a nmenory unit of the master earphone 10a, such
as the non- atile nmenory unit 122. WO 2011/ 031910PCT/ US2010/ 048337

8 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
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The slave earphone 10b may use the time interval statistics in determining how much to
adjust its buffer status. For example, if a particular UDP buffer status packet from the master
earphone 10a took significantly longer to receive than the average time interval between UDP
buffer status packets, the slave earphone 10b may adjust its buffer status less than it would have
if the UDP buffer status packet had been received in close to the average time interval.
Alternatively, the slave earphone 10b may delete the synchronization data from the master 10a if
it is significantly different from the scheduled, or expected, interval.

In another embodiment, in addition to tracking the time interval statistics, the slave
earphone 10b may track and log the adjustment it made to its buffer each time. The slave
earphone 10b may then estimate the amount of adjustment it will be required to make based on
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 ¥
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/ positions
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the master earphone 10a may transmit an "Echo request" ICMP message and the slave earphone
10b may in return transmit an "Echo reply” ICMP message to the master earphone 10a. The
slave earphone 10b may adjust its buffer position based on the ICMP messages to synchronize
with the master. In another embodiment, the earphones may compute adjustments to their
internal clocks based on, for the master, the time difference between when it transmitted its
message and when it received the reply from the slave. The slave may adjust its internal clock
based on the time period between when it transmitted its reply and the next request received
from the master.

As mentioned above, the master and slave earphones may transition roles as master and
slave during operation. In one embodiment, one of the earphones is programmed to start as the
master when powered on, and the other earphone, acting as the slave, looks for the address, such
as the IP address, of the master earphone 10a when powered on. In one embodiment, the
earphones may transition roles between master and slave after a certain predetermined time
period of operation. In such as embodiment, after the predetermined time period, the slave
earphone may assume the role of master and the master earphone may assume the role of slave.
In another embodiment, an action by the user of the earphones may trigger the transition. For
example, if the user operates a control of one of the earphones to change the source, the
actuation of the control by the user may cause the earphones to transition roles. In another
embodiment, the earphones may comprise circuttry that monitors in real time battery life or
battery voltage of the earphone power source {(e.g., battery unit). The earphones 10a,b may
transition roles based on the remaining real time battery life of the earphones. The code or
firmware that allows the earphones to transition roles may be stored in the non-volatile memory
units 122 of the earphones and executed by the processor units 114.

In another embodiment, in order to synchronize the earphones, rather than transmitting
buffer status packets from the master to the slaves, the earphones would achieve synchronized

playback of digital audio by synchronizing their internal clocks and using the synchronized
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The clock synchronization may be achieved by the use of a digital or analog “heartbeat™
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 fransducer and a first {ransceiver, wherein the
first transceiver receives and transmits wireless signals. The second acoustic speaker device
comprises a second acoustic transducer and a second fransceiver, 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
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the cl ocko gienetvnantAntié GrakkidavieOpRioirasy. arReRESRIGRbusSE gﬁ@ker 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 adjustiment 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 andio 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
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Second adBERInEstER Ry bYdhs SEOYRICPERlC eI device orthe figgh penUsiiepedlper device

claim15 {1 Vﬁiﬁfa@hﬁlh& h&a %1%%@&5&8&?6%%%@@@&K&hm@ﬁ}’dn%otbéol%9&‘ 2 gured to
track tlne I nterval s between FECEIPt of the synchronization data from
i

t he firssyesboudzation dpesikdhe ehapiationiedsconvENBEDOSHIRIOTOL. | PEA/ US
EXHIBIT A - R%ﬁé‘é%%&é‘éﬁg Berein are intended to illustrate potential and specific

implementations of the embodiments. It can be appreciated that the examples are intended
primarily for purposes of illustration for those skilled in the art. No particular aspect or aspects
of the examples 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 deseribed 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.
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claim 16, wherein the second acoustic speaker device is configured to
conput e a status adj ust neRXHIRT AtHREPEACBMENTHHERTSOf t he second
acoustic speaker devi ce IfusbepaiipplidagonfNoaREKIA20108833Nt er val s bet ween
recei pt of thegpsynchronization data fromthe first acoustic speaker
device. 18. The apparatus of claim1, wherein the first and second
acoustic speihebis clgigdige are configured such that after a period of
operation, the second acoustic speaker device transmts wirelessly to
the first acoustic speaker device (1) digital audio data via the
connect i on- dri ert@PEBINRMATERET on protocol and (2) synchroni zation

data via ! ne RORDAA! ipalk:AAccafiiy L0 ARG sty ritsdIRLNOT TOT
y first and second acoustic speaker

synchroni zi 3'8‘ a,uﬂ{e% Pl ayback b and C

devi ces, whel' &P "FHE" FToster fiitves g Grumictitriees sendpedker  devi ce
comuni cat e awkchied se@siclpeake@eviiBERPEbIEARRIAISLASC thtsARS Mhd £ LR
wrelessly by t ousti.c S@,eaker_ devjice to the second

he.first .a 0t >
acoustic speakﬁé?sc%veeflf‘”ﬁ%eﬂa 3¢°qnfl FEnscepRIFoPiNes and NS mits yirglest sisldi 0 dat a
and (2) synchrereinétifionand sdeany sprbier dbicss cdnitfunfchie Stral@8Qusd dierempeaker g
device transm t | I he . digital .audio data to the secon
acoustic speakerﬁhemr%%g&g%&%%{%{a FoR-Breh s Séyotﬂﬁ’h‘ih‘ic@gt"?%’l’i‘c F¥cocol ;
and the first acouistiteals thetzkmprisebdl) idgel budaniamiatS2wyicRbiéasbntatane
synchroni zati on gat.a, 4ot Ders ' eaker Vi
connect i onl ess comuni cat #on rg‘gf{g%é%ﬁ%%&%@ﬁceﬁ%%ltaﬁ%%%gf%%‘f ai m 19,
wherei n the digit &Fcosfadeusticageker siaptonysciipniokentadopmmeicaton plosrdland ed

communi cati on prRtRE %usﬁ@ﬁ%ér%@@cegggﬂtﬁ wiﬁ[e?sﬁy_omﬁ cﬁ%x%&@gﬁg% e 2L

The method of claim 19, wherein the synchronizalion ent via the
corncctionl ess corffM acrcspralsT He peoBrecioplsscpramanicm ptoselocol  dat a
packets. 22. The nethod of claim 19, wherein the synchroni zation

data sent viza thrﬁ connecti.anl.ess ¢ ni.cation protocol conprises
. € apparatu y ; A
| CMP nmessagés. pparatus 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

connectionless communication protocol comprises UDP protoco! data packets.

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

connectionless 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 connectionless 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.
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"the connection-oriented comuni cation protocol conprises TCP/IP
protocol data packets; antKHIBIAVERBEDACEHENTSHEPE®N US EXH BIT A -
REPLACEMENT SHEETS | nt ehWH@ﬁ@ﬁélppiAﬁth@a?Cﬂ”@mwmw / US2010/ 048337

t he synchroni zat t NREC nl ess.c ni cation
pr ot ocol CO?YDI’I ggﬁﬁ%asgfgggéo‘yﬂc% ntﬂm%ﬁ"gt k&f Ja % Sm%ﬁ%b ﬁgquéd of claim
19, wher ei naqopgic friegkar degiecs the pogond B@Bﬂi@eweﬂe\ﬂm@; conprisssirsemddigitdl r st

ear phone andydiiBta %F\QAQ gufﬁﬁ:@ Hﬁtﬂrﬁ hlﬁﬂﬁcﬁ lﬁl% liil‘s det?ce(mcﬁg E@Ma& g §ccé’;\z gec ond
ear phone. 23. The nethod of claim1l9, er nprising: receiving

wirel essly BmeRaelss digal %’é@a@ﬁeéidsﬁ@bﬁ%@mm@‘wa@n@nk al audio data
froma wireless di gl tal audio source via a first wreless

comuni cati gn I| k; and buffering by the first acoustic speaker
devi ce the i gi {57 2PRYRMSST deimd: ‘fﬂeﬁﬁ‘lﬂl"ﬁ‘é“ HPists seker devisie triplesatmpiss our ce

in a first ufdsedonddeodstivapdakdr 94vica ¢io btdng wiROAKSInuESNbESK, Wherein

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

the second wireless commanication 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.

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

synchronization data.

2. 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 butter 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 deviee 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.
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"device to the second acoustic speaker device conprises digital audio
data buffered in the firsSEXBINITar- REPLACEMBENTSHEREOUSEI ¢ speaker
devi ce. 26. The met hodInsnatidral AppiRSGtionMoarEIVUIS20 1048387 St ~acoustic
speaker device wireless transmts to the second acoustic speaker
device via a second wireless communi cation |link. 27. The method of
claim 26, whér eifhe applrgufdafrisitn 1) wielersia: smmrmmeapehlﬁﬂkhbﬂkcdﬁﬁ%iﬁﬂl SFS E
rel ess cammuni-cation |in
\é\:l)l’rg:’l (s:grsnm n&' &ﬁl ttp epstzltds Qﬁusuﬁ’e?gfor ibeCOR&: &?f%‘élwhﬁ-ﬁgon CPWaasp&_’fkgr élF‘éﬁ'e m 19,
wherein the bﬁﬁ@ﬁhedml@étlm@nteddsb\enwnpmpsm’sheamg}m?qad}cfa)dhm&g ﬂta\t;ﬁ: of the
first acous Vi ce 29. The nethod of claim erein
t he synchrotﬁf(gzt?%%%é%{ac}t”geeconprl ses clock synchroni zati on data. 30.
The net hod of claim 29, wherein the clock synchronization data

conpri ses a meamb@g&m@ogaﬁm wittein tHld 15t FRGHOG: aQJustg éqt?ehmb %"’;w%v\her ein

t he synchroni atl on nprises buffer status rst
buf f e¥ of t /¥ ‘F‘F‘?"ﬁ“ g H R?“Oé’ﬂé@ﬂ%@ﬁ%@%ee@d ac\Gti kDR EYi G HESTits
| PEA/ US wirelessly te 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 F:omprising:
transmitting wirelessty by the first acoustic speaker device to the second acoustic speaker
device data that comprises (1) digitat audio data and (2) synchronization data, wherein;
the first acoustic speaker device transmits wirelessly the digital audio datato the
second acoustic speaker via a connection-oriented communication protocol; and
the first acoustic speaker device transmits wirelessly the S).rnchronization data to the

- second acoustic speaker via a connectionless communication protocel.

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 connectionless

communication protocol comprises UDP protocol data packets.

22.  Themethod of claim 19, wherein the synchronization data sent via the connectionless

communication protocol comprises ICMP messages.

23.' The method of claim 19, wherein:

{he digital audio data sent via the connection-oriented communication protocol comprises
TCP/IP protocol data packets; and
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"PCT/ US2010/ 048337 32. The method of claim 25, wherein the second
acoustic speaker device CBRBIBIEAs REBACEBMENTSHEETS f or bufferi ng the

di gital audio data r ecefnientiqneldypplicaéonfor RET/E6C0INMH1387 Speaker kdewdce_. e
33. The net ; | Ln dhe first. acoustic speaker devi
transmts tggg%g%rgﬁ%agér\n[ﬁggt%ﬂ%ﬂg%%ﬁ tmc?n%r‘lc’émg_%“(%% " BEBws RS dker

devi ce peri odireigcphdlata pagigts. The et hod of cl ai m 33, thither conprising
tracking by the second acoustic speaker device tinme intervals between
recei pt of tge synchroni zation data fromthe first acoustic speaker
devi ce. 35.2%Thé W?‘W&fﬁ?mé?aﬁhﬁﬁ%ﬂlﬁ ﬁfsmqaf@ﬁp@bnﬁmcswmgnaamﬁmtl ng byd
t he second aﬁlﬁws&dn@thSﬁ&ﬂK@dbuﬂ@éﬂc%(ﬁvi&lc%ﬂées%gécbﬁgg@{%%fOr the sgcon
buffer of the second acoustic speaker device based on the tracke

time intervals between receipt of the synchronization data fromthe
first acoustbc dSpeakied ofiewm @@ﬁnhéégmpfﬁﬁﬁg:”ft hod 'OIt?lnal Vn\; rlgl efsglr;hg;

i Si t.er . riqd.of operat|on, .transm ] [
the second” SeautyRicBREy e iRl acORELBHk i FEL b o s evispenke!
device (1) di disitshhudmyclive vidatiest wirdest d@ma@EAaGInkaRt Or i ent eflh
comuni pat i gﬂ"fegﬁgqﬁ%(ﬁlst a%&gtic(sggak& Q\f(i:cg hogljgﬁa? gu'd:%“atg g})n? thg\lﬁi?elcss cggita]
connecti onl ess cofmuni cati on” protoco
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.  Themethod of claim 26, wherein:
the first wireless communication link comprises 2 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 audic playback

data of the first acoustic speaker device.

29.  The method of claim 19, wherein the synchropization 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.
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32, Themethod of claim 25, wherein the second acoustic speaker device comprises a
second buffer for buffering the digital audio data received from the first acoustic speaker

device.

33, The method of claim 32, wherein the first acoustic speaker device transmits the

synchronization data to the second acoustic speaker device periodicall y.

34, The method of claim 33, further comprising tracking by the second acoustic speaker
device time intervals 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.
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