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ttorney's Docket Nunber FS99-001, "A Wreless Infrared Digital Audio
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present invention. Attorney's Docket Nunber FS99-003, "A Wreless Infrared
Digital o Audio Receiving System™ Serial Number: , Filing Date: assigned

to the Same Assi grwwn‘@léémmaﬁeatoigitﬁmuaib TFaﬁémangfssé% ntion ~s

This invention is generally related t0 electronic circul systems t hat

transmt and receive digitally sanpled anal og signals. Mre parti
this i invention relates to 3! ectronic CI is ang systens th “"ﬂ mlm

and receive digital audio si 59’99“56% nANeNt he Rel at

transm ssion of analog signals between a source of the anal og sign&P®¥2and a
reproduction of the analog signals at an output transducer is well i

25/ 07/ 2003 krRhlatdeétbﬁtApbhcdﬂl&s Pat ent 5,596, 648 (Fast) describes a
wireless infrared audi o transm ssion systemwhere infrared LED emtters are
activated by a frequency nodul ated pul se wave transmtted as light to a
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and a right channel R The ana rc crophones FM
tuner/regei ver. OF—aR asslugr%dstolfhe game%ssugnee asnhe pr sent?nven on.

O

Attorney’s Docket Number FS99-003, “A Wireless Infrared Digital

10 Audio Receiving System,” Serial Number: , Filing Date:

, assigned to the Same Assignee as the present invention.

Field of the Invention

15 This invention is generally related to electronic circuits and systems that
transmit and receive digitally sampled analog signals. More particularly, this
invention relates to electronic circuits and systems that transmit and receive

digital audio signals.

20 Description of the Related Art
The transmission of analog signals between a source of the analog

signals and a reproduction of the analog signals at an output transducer is well
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anal og recording nedia. The left channel L and the right channel R.ar §7/2003
i nputs, to anal og-to-digital converters 15 and 20. It is well known A H’ne
art® that the anal 0og sources can provide any nunber of channel s. The | ef t
channel L and right channel R are chosen for illustration purposes. ~s

Addi tionally, the analog signals fromthe anal og source 5 can have been

previ ousl v CRAKEE iFfleldt A8 b%zewsgégr&sgpaggdé&%eg Mg B 4 01 Lo

source 10. I'zed sanples o g S|gna s arére hed in a
data r. buffer 2. The digitize ormat.t e n data franes
o e dat s BugiR sl bysleit nar B aED *‘eas AL R
in length foh each zo @]a{éael | eft channel L QI’ ht channel The dat a
frames are t HBAUENCYBPRIRlE] Pl t"l‘@’edéﬁr@""r'ﬁﬁﬂﬁsdlﬂwt% re%'@{rrl"@ra@"bnal is
then nodul ated with the data franes. ~t In the case of Haupt, et

(.
al ., the dat analparwaémdélaéﬁegteafnenmca mogilateduipE WM audi o data to a 5
bit transm ssion data, which is used to activate and deactivate an infrared
| ight em 6ting diode. The nodul ated carrier signal is transferred to a
transmtter and then conveyed to the comrunication medi um 45. The infrared
s. light is then rHd Ratentt559.608 (Hauph et al. billusteatbe aa@nothea deeiceifer ng | i ght
sensitive diode. In this case, the comunication nmedium45 is the open
at nosphere. Wrelesswansmiasomofidudio sigmals.r Rateminbiveto FA@ 1cton aprovdodew padi 0
frequency waves in addition to light. Further, the communication medi um 45
can be eit hethisvsiracture. slteharsdog seurca b pralidies a teft charhepbiand @atighe chanmdiher
forms of netallic (copper) inter connection. Additionally, the

c ni cati OR. MEH &maléP solree Bavauld bb eicrophdress alF M turiRedededt] ¥ean 50 Wil |
redover the nodul ated carrier signal fromthe ~s conmuni cati on nmedi um 45.

Typi cal | yy agRhREFeEEdRIg rﬁéd’ﬂa ”?hé!é?ﬂélflanhélLBﬁHW@thtrbﬁahﬁel%Ta?e frrpafge and
t he nodul ated carrier signal. clock extraction clircuit devel op

the embedded R&Eb@&d ita éJHvBHer%'ﬂjgiAq léist%rRRM Qear{tﬁ(éte{ Y

subsystem 10 transmtting su assi ca ock
extraction analog sources can provide any number of channels. The left channel L and

right channel R are chosen for illustration purposes.

15 Additionally, the analog signals from the analog source § can have been
previously converted to digitized samples and then provided by the digital
source 10. The digitized samples of the analog signals are retained in a data

- buffer 25. The digitized samples are then formatted in data frames in the data
formatting unit 30. In Haupt, et al. a data frame is 128 bits in length for each

20 channel (left channel L or right channel R). The data frames are then
transferred to the date modulator 35. A carrier signal is then modulated with the

data frames.



circuit 55 incorporates a phase | ocked oscillator, which can mal function if
thefe zg are errors in the transmtted nodul ated carrier signal. Thes/07/2003
recovered nodul ated carrier signal is transferred to the denodul ator 60 to

extract the data franes. The data frames are then reformatted in the 3 <

<~ " a 25/ 07/ 2003 receive data formatter 65 to recreate the digitized

sanples of the a | The, rgcr Lalt] | es .are then
transferred to tngltl'gtigal%egé}ﬁ%lp&ﬁésb,gﬁ%oﬁéeﬁg@gég%&rﬁaﬁgeagr%ﬁba?le%{ oduce the
anal og signals.8 d 85, . Alternat el the digitized sanmples of the anal og
it can be 3R OptyPed b hehSHRRoR dita i bise 5 PERER prd dPaghBIR oo ng
The wireless transm ssi.on . as shown_in Fig. 1 is subject, to corruption of
the digi t1 e CHARQLaH amifiae Elodhe AnedTeslieted,carmet Sanebis tFrssrad Bid an

el ectronical|ly ball a%tppeglphal ogen I ag%) woul d ,corjg)l etely breakdown recovery
of ~o the tr I4ef NcRBVEKEd P Hieecrarpicationmgaixim 45 43¢ infrasadt o t he
corruption of the nodul ated carrier signal is to provide a |evel of
redundancy flight isthenirgdietegdtrosahthe-epenjaigiospheterio reggivinglight semsitive et
al.) shows the use of forward error correction codes using the well known
Reed ~s Sol odiode.Chuthiggcasehthe aonmurdtatitnmaediurmrdSoisshe bperebmaspbese.shor t
duration, but will not prevent disruption of the output analog signals 80
and 85 due to long termdigitized sanple corruption. To elinm nate |onger
corruption of the digitized sanples Schotz, et al. o enploys a

convol utional i ntieslveelMirvgmcathatathe trahemittip A0aiaé produdd radio freflepaymaesof t he
anal og signal that would nornmally be transmtted together. This allows the

at er pr obahiddition tbhight. aF urfH2€g&he EBMMRICEHON GREHINA 45T LotHRGR]. 4 'a
25407/ 2003 If the error correction coding and the convol uti onal

[t er ] eayd ngagth Ao babia o TBRE SR UNrIBHAE CABEAR! Edngl b zed

sanpl es of the analog signals, anal og sl gnal W e repro
(especial ly {4 RUfL® RLGHEEN, B8 communication medium 45 may be a fiber optic

cabile.

The receiver 50 will recover the modulated carrier signal from the
15 communication medium 45. Typically, a clocking or timing signal is included in
the data frame and the modulated carrier signal. A clock extraction circuit 55 will
develop the embedded clocking or timing signal énd synchronize the receiving
subsystem 100 with transmitting subsystem 95. Classically, the clock extraction
circuit 55 incorporates a phase locked oscillator, which can malfunction if there

20 are errors in the transmitted modulated carrier signal.

The recovered modulated carrier signal is transferred to the demodulator

60 to extract the data frames. The data frames are then reformatted in the



annoying cracks and pops in a speaker. To elimnate the cracks and f398%/2¢03
Schotz, et al. suggests that the digitized sanples can be brought to a null
l'evel or nuted. However, if the muting is activated suddenly, it is
distracting and is annoying to the listener in an audi o application. U S.
Pat ent 5, 602,669 (Chaki) provides a digital transmtter-receiver that ~o
transmts a digital audio, si | wthin a specified frequency band, and
recei ves the fg%é&? ﬁ?@&ow%é{,gg&r%ﬁ%&? t'@ﬁﬁﬁ'ﬁﬁ'zﬁﬁéﬁmﬁleé@f § anriggsianals.
frequency using Quadrature Phase Shift Keying (QPSK). The QPSK nodul at ed
signal is trahk? Eaqreried digitived semplaspreinen ansfeired tothe digitsl-teranalogs.  Pat ent
5,420,640 (Munich, et é@% descri bes a nenory efficient nethod and

appar at us f orcosyerters dRiargki5da reeroduce the analeg signaldiBgiand|85d sAlterpatebyam over a
comuni cation path. The digital data is arranged as a sequence of franes,
each frame i nbe digitizgdsapiplgsatfithe andlopidatascarf beltiansfeméd 954 exterma of each
frame is indicated by a frame synchroni zati on word. The begi nni ng of each
i ne zo i % i mificoitrydaor forther processing. al synchroni zati on byte. An encoder,
before transm ssion, interleaves the data. The decoder contains circuitry
for locating the horizontal and franme synchroni zation data and contains
circuitry for deinterleaving the digital data. Both the synchronization

| ocat i ng. ci rcul tr SThaireldss tansmileld420R5n MAFigl P1d RBldcn® errdstoior T equi r e
access to a nenory, but not at the sane tinme. Therefore, a single nenory is

used wi th t hans yiivedVaAdldsurindRMRMIssioN. CRblindtaABE! réfig & lapavi ng
circuitry alternately addressing the nenory. The digital data stream of

ich, et algledi@inicilpdalisbted HaBger i w@ﬁl@deeb‘i’ét ' fs
ﬁscri ber baesee tnel egi gi on syst%?ns. Uﬁ.) S. Patent e@%ﬁ%@@féﬁ?ﬁ&ﬁu et
al .) teaches ' ' 4 A4 ?‘@{j& recei ving system whi ch can
perform og)ti éﬁ?t@ﬂ%@%ﬁb?ﬁﬂi}e @p&@é@%ﬁrgﬁ rrlmt audi o signal with snall
deterioration of the sound quality over the o transm ssion path. The audio

signal transmtting systemhas circuits to add an error correction signal
to a digital audiq signal,. ,The diqgital,_  audi ignal .wth the error

corr ec!t ig:)n si gga: 9\ssolhgf?é'r{oérh%f)‘i’fé"lboqu?ﬁodi”ﬁéjBﬁoggaég%rﬂggﬂﬂ@?'d? {0 BIPVIRRR o
transm ssi on signal ., Repeat,ing a,di.gital cont i.gn i is to be
oot Tor "t ho i Pl mr o Praighiged SmaRs: 5%, SaEitieabiiad lkaet e
enerates a contjnuoys ~s signal . A nultipl exes conbines t audi

O ot oo on A0 Shaye the el drd Aol totsding cosS DaRaas well Fnlitihaske
signal. A nodul atio jrcuit then nodul ates rrier. signal, sim,l to

S hor tes et notpiaes Bofiner i le e are catrs plreativel Soopl BBt ikt ai o ¢ a
nmodul ati on net hod to generate nodul at ed si. na[I W t hin ﬁJegredet ?rm' ned
frequency barl?t PrYETBaPLERa" Beqaputanaloosidiets sl eng,Bhaus Iops tem
transm ssion signal. A differential type QPSK nodul ati on nethod creates the
nodul at ed si ¢ligifizest SAmeRIQSPFUPESN. rpuku, et al. further describes an audio
signal receiving circuit for reproducing a digital audio signal and a

di gital control signal fromthe optical transm ssion signal. The audio

signal receiving circuit 6
To eliminate longer corruption of the digitized samples Schotz, et al.

20 employs a convolutional interleaving circuit to separate the digitized samples of
the analog signal that would normally be transmitted together. This allows the

greater probability that a longer term error can be to be corrected.



r , t 25/07/2003 has an optical receiver to convert the optical 25/07/
trz%.nsm' gsion signal to an electric reception signal. The nodul ated signa
is then reproduced to permt denodul ation of the reception signal by a
di gital denodul ati on net hod corresponding to the predeterm ned digital
nmodul ati on nmethod to reproduce the s nultiplexed signal. A separating
circuit separate i 1 SSJ i C i s signal
fromthe multipl Z&tbg%gfbgggﬁgéﬂ@g&gﬁu@s%&{‘trh gﬁ%ﬁl@%@%l ir!?% eaﬁ%i&:{ﬁgn

dei nterl eave nd.error correction based on.the added error cprrection
signal is pé '9@?%53@18{%5@53'8@%%“@ r‘f@"ﬁfstﬁfjtdgﬂ't'zr‘fg’cﬁag‘ ?ﬁgﬂé‘f"efaa%ge di gital
source 10 is often a coppact ?@io di sk éCD), a Myving Picture Expert G oup
Audi o Layer H973ip3fegnpioorsignal will be rRRraduceddespacialy in Budip sighals)@st al Vi deo
Disk (DVD), or a digital satellite receiver (DSR). The format of the

di gitized sa#yiSsrarksand persdD ashaeker. 1Tr elsninate tie corpleiand papsh t he
Sony/Phillips Digital Interface (SIPDIF). International standards that have
~s devel opedSehadmati@l.suggests thal the digitized Aamplesmagihedeolaly tseondt IpvelAES)
AES- 3, the European Broadcasters Union (EBU) Tech. 3250-E, the Japanese

El ectroni c |ordustedi diowaver,dftbe njutingdy acivaterDsuddenly; Has tistracting andhsl

El ectronic Comm ssion (I EC) | EC60958. While these standards are simlar,

t hey are notameyogstarthé Yistedeniniaredudidiepplication.t he data format as shown in
Fig. 3 is common for each zo standard. The all owed sanpling frequencies or
sanpling rates of the audio analog signals to create the digitized sanples
are the 44.1 kHz for CD and MP3, 48 kHz for DAT and DVD, and 32 kHz for

3{853- 7 25/ 07/ 2008, Pafent 5i602[@80qCharilVpreviddsth digithltraHshiitisisrebbBRefliap f or mat
_Jthe S/IPDIF famly of international standards. A frane consists of two

subfraneg, Zoﬁar%h%szé’aiglﬂ@lrﬁ@i@isi%ﬁaff\ﬁiﬁwiﬁ %{E?Je@ﬁie& 'fr@&héﬁbfbaﬂﬁﬁ'éﬂ@'reé&ivé@f t

channel and a B channel or right channel. Each subfranme has a synchroni zing

preanbl e A SENGHBHBoqRING baHie CHKE HcRiistdd W UNRATIMA HedEBhEy LiSiAgt he
contents of Sltﬁgepsub?r arrg arl‘s\lgbeal-ﬁr?g %ﬁ'ﬁg{r a word contal ni n'lge(aa sa;rr%fiegof t he
A channel at I ; 5 Whbiie a bl ock, or
the B channepwqrﬁgﬁgipgﬁtb?%g ’éﬁﬂﬁ%@gﬁﬁepﬁ?%mgﬁ% gvﬁhglc'ﬁannel B can
contain up , | tSi i nidgl{ tude of a sanple of the

anal og audi o%’?ﬁ%’ﬁ?.mﬁ%’fﬁ‘g’?%@‘?@?@%g’éﬁﬁ catld()ns, only the 16 bits A8

t hrough A23 are enployed to convey the digitized audi o sanples. The bits AV
and BV are the validity indicating if the digitized audio sanple is in
error. The bits f N [ j | ted from

03 P 0 B IMECh A0 Tl St SRR el

many samﬁ’ es indicat'e runni iIts AC and
at e “and- coRSREARG ePPrlu g R Y nRtaRliteh BREEIT) hGrET o BT gRAT | 1O
Sanpl e ar o QYGRS R RALGRE SOPEREELE: RAPRUSISAEnchest er
For a sampl | HGMPS BB o MOREDO & PWEBTY 8 1Pt ARte 1% SRUTINGSheRED . and

3.1 Mz for a sanpling rate of 48 kHz. 8
frame i indicgtedabyaframe synléﬁronization word. The beginning of each line

%003

20 is indicated by a horizontal synchronization byte. An encoder, before
transmission, interleaves the data. The decoder contains circuitry for locating the
horizontal and frame synchronization data and contains circuitry for

deinterleaving the digital data. Both the synchronization locating circuitry and the



25/ 07/ 2003 ' r A block of the digitized audio sanples consists of 12%07/2003
frgnes: goncentrated together. U S. Patent 5,889,820 (Adans) describes a
circuit for SPDI F- AESIEBU s digital audio data recovery. The circuit

decodes an input signal. The circuit includes a nmeasurenent sub-circuit
having an input to receive a timng clock signal that is asynchronous wth

cl ocking of ybptdritRNingSdid0Ay rediife 4486 1Y & friory, iUt REt &ItA6 kamed®e. Masures
the duration of a plurality of pulses received on the input signal in

Lati ¢ i i i . ' i, decod
he i nput o1 QRetar & oot PR FIo1Reg iR g LA Pron T8 SeR bty | 2 °Gr ™

bi phase. mar k LReeni s ARERRH el ehlesfifif RRel TS oLRal Bl

sumrary of ¢ BELAIRI A, aDBLAGRe B bl S VSN bR, gl BLAAS 2 oystem

for transmttin 12ed”s S of "analog Sig X t her

obj ect of _thi SR%CEQ%?EQE%&O{?}B’%??% éyas smt the digitized sanples of the anal og

signal s sdch St ¥"¥nterference with the zo transm ssion
and thus corruption of the digitized sanples of the analog signals is
mnimzed by transmtting the digitized sanples as bursts shorter period
than the tine of the anal og} si%Bals represented by the transmtted

di gi ti zed sanpl esY- §. Patest 745883 (Bhimpky, el feachps RRAUIEEMr obj ect of
this invention is to convert the digitized sanples of the anal og signals
from an ext etigasmiiing ard rasgivingsystem whish caarmsiriony apticaldransmissipn ofzed
sanpl es of the analog signals having a fixed rate. To acconplish these and
ofRer obj ect djgital Wirpat aldie sigmahwithasmelh detesiveation of the s quailitygodir dhe | zed
S | es of anal og signals is conprised of a transm ssion subsystem for
t ransm t tdong tiahemiisint patied The Bpdiesignat transmittoat systenribds oircuits toearidean t he
transmtted digitized sanples having various sanpling ~o rates, and a
recei vi ng syshrercboedtimnasigreal énd digitar astic gignak Theadigitalt dwrib Siggal witethe
error correction signal is then encoded and interleaved to generate an audio
transmission signal. Repeating a digital control signal, which is to be used for
the reproduction of the digital audio transmission signal, generates a continuous
15 signal. A multiplexer combines the audio transmission signal and the continuous
signal to generate a multiplexed signal. A modulation circuit then modulates a
carrier signal similar to that described above with the multiplexed signal by a
predetermined digital modulation method to generate a modulated signal within
a predetermined frequency band. The modulated signal is transmitted by an
20  optical transmission signal. A differential type QPSK modulation method creates
the modulated signal preferably. Shimpuku, et al. further describes an audio

signal receiving circuit for reproducing a digital audio signal and a digital control

signal from the optical transmission signal. The audio signal receiving circuit



sanpl es. The transmi ssion subsystemreceives the digitized sanpl es $op09063
varj ablhg sanpling rate froman external signal source and then converts the
digitized sanples having a variable sanpling rate to digitized sanples with
a fixed rate. The digitized sanples have error correction codes generated
to allow ~s correction of any errors in:the fixed digitized sarrpl es that

Sanpl oo ar e 155 o bRRET RcRer b Hnubling bk @%&%ﬁl‘é‘%%%fwlﬁ SRBLE o
appended error correctlo code

d
signal is tHERCRILYIR. (8 et%@sﬁtﬁﬂg{gﬁg ﬁﬁ@%}regéq;g@ n?’?f"gigd Sa?r:)?;ts to

forma transmt franme. (r%carrler Si is then 20 m)dulated wth the
transmt frafRMeGHiatqnoftRe frception sig ?'il%)’ragigﬁﬁ%ﬂ'em%d”cw meRdnitted to the
conmuni cation medium 10 25/.07/ 2003 1 recei ving subsystemis

connect ed t CAFRSPEBHIRANP the: predetermingshdigital @QEP'@BOQHEW%W@TWG dRRiul at ed

carrier signal. The npdul ated carrier signal is then denodul ated to recover
the transhi tmpltiglexed signeb A separating piecyil spgraies thet adie farsmigsigntsignad
sanples and the error correction codes fromthe transnmt s frame. The group
of interl eavan dnegrontineesssignal Fomibhemuliglexed gignalo rihecaudimtransteissiane
checked, and the group of interleaved digitized sanples with errors are
corrected. | Sigaalyis tfent deintgrieayedcind eTterrdosravtiah biasgdiorzthe axiaepleemorar e
uncorrectabl e, an estimated sanpl e value of those uncorrectable digitized
sanpl es is ceeraiotion lBignahisqeplolméd torebraducadhadigital audiesigeaved digiti zed
sarrpl es to conceal any effect of the uncorrectable digitized sanples. Any
he digitized sanples that are not conceal abl e or unrecoverable or are
alld are soft nuted. The digitized sanples are then transferred to a

digital - p-ana OUTHROAYRAIsBLirckOfo (S RHEAALIcPbABRI@INIa NaRRY - ~5 The

transm ssion subsystem has a sanpled data receiver to receive t e digitized

sanpl es of tfp ﬁ@@%ﬁ&%@ﬁﬁ‘hﬁd@&%@& @?Mfaé Gét@"’ﬂe %Oa'i & Rlaid Kbt zed

sanpl es of the an og Si var i e’ sanp ate converter i's

connect ed t i v 'D?§|< @W[?a&e%ﬁ‘c?‘(t%fsétﬁlhfeor%\égirv[eré Sl P Iy SRRl e of

t he anal og si e one rat varl ous sanpling
ate, tA°p?’L?%P’“?§90%““P%§”@‘."’S. tgdgélaf@@f‘é%% PELamERPnEieR, £ 1
Var abl o LQ%?%@@?U@%%&@# gSFZHBIFﬁe S BhRdph S BIRTHRE e |
Pl acerrent angeve? e\c/ﬁrong? {hlé hf%nggr%réalrlca'tﬁé/ A%lodérgblnéeznn% §o§gtyefiE§}AES-3,
the European Broadcasters Union (EBU) Tech. 3250-E, the Japanese Electronic
Industries Alliance (EIAJ) CP-340, and the International Electronic Commission
(IEC) IEC60958. While these standards are similar, they are not necessarily
identical. However, the data format as shown in Fig. 3 is common for each
2 standard. The allowed sampling frequencies or sampling rates of the audio

analog signals to create the digitized samples are the 44.1 kHz for CD and MP3,

48 kHz for DAT and DVD, and 32 kHz for DSR.



,~ 25/ 07/ 2003 of the analog signals within the data buffer. An erra5/07/2003
correct i..on code generator is connected to the data buffer controller to
reCeive multiple digitized sanples of the anal og signals through the data
buffer controller-fromthe data buffer. The error correction code generator
generates an error correction word that appended to the nultiple digitized

saml es of the anglginalAT8lcSs ABcbloRe AR Bin Yo R Bl ¢ 200

sanpl es of the anal 0g SiI gha error “correc n wor d

t hrough the data_ buff ntroller to the ta buffer.,. The r correction
code gener at BrerapataL SlanoRy Adime binsire s Mebs e 20l 28 h 2”1 he
error correction, godﬁ word that has a data bl ock size of 238 bytes and ~o
one control $RAtEINNELNesapplesfiomap Achannet orjeft caanngl aad aiB chamifl€fed to the
data buffer controller to receive an interleaved group of the nultiple

di giti zed safi@ghtchappel fachsybtigmeingsa %Wmlﬂwfﬁﬁm%@@@m 8nrd&rrect i on
codes and appends a preanble timng signal and a start signal before the

i nterl eaved §vb@p Tie synehranizimgppreadibig identifiessthensbrtentsf oftthe salbfedrog asi gnal s
to forma transmt frame. A pulse position nodulator is connected to the
frame f or mat beingteitheres aiovacdrit@iningansamplefaf theeA @hanmed citi treet e ginriag of @r  si gnal
according to a pulse position nodulation with the transmt frane. A burst
transmtter pck2n5abib@ichineb®ithih acbIdek, OF tHeoB ichafrie|odul at or and t he
conmmuni cation mediumto convey a nodul ated carrier signal to the

comuni cati on nedium The nodul ated carrier zo signal is transmtted as a
burst within a short tinme period to mnimze probability of interterence on

S commm oL e oo GG BPBE SRTURY 6P R BRUATL™Y O
transni tted as,) pahieshlediinkil nEiGALES LaRBR Plne THEGYHL A SgHAUNI cati on

nmedi a may be €i er op ca coaxr al cabl e, or~t e tw sted

pair cable. Vi y ¥ i C he
comuni cat i oﬁoﬁﬁg%ﬁ;ﬁ I(l)) ﬁ@%@%ﬁ@g@ﬁ@ b? ﬁ@%ﬁrﬁﬁ’&gét %greﬁﬁél?)t’é;q {é)nal and
to recover the transmt.franme. A denod [ ahS..C ected to the receiver
t o denodul at goq\f?é'q%g]lﬂ'tgtegc?q@ﬁ)rsﬁ"ﬁe%ighgﬁ)ﬁaﬁ‘f M&ré e"‘%‘."&&ps of

i nterl eaved mul ti.pl igitized ~o sanples. of the. anal og,si s with the
wppendeq or r By 86 HlotzaHeudh RN iy e R arerd Bl Frelied e ved
data buffer to retajn the group of inpterleaved ltiple digitized sanples
of the anal anfmeéi,{aﬁssww% WﬂFﬂégl}ﬁfﬁ-:‘%Gg'E r@?’%?a’E&g? 515{')‘?33?1 r‘é’%ﬂ’ég. tz'mer ecei ved
data buffer controller is _connected to the denpdul ator and the received
dat a buf fer trackeawnle etcr diterkits Af apf 8G arrpenpe! stgtyshits JedBngsUa ti pl e
digitized sanples of the analog signals with the appended error correction
code from t hinfereibian eaesIPhasist frMplEgdiale EndaoRY IPefPkr Thakits ARaNd BEck and
correction circuit is connected to the received data buffer controller to
recei ve one greopasitybits fes efgr deteridordiogiarify eereptian pbthegdate samalest og si gnal s
with the appended error correction code. The error check and correction

circuit checks zo and corrects any errors that occur in transmssion in the

one group of the multiple digitized sanples of the anal og signals and then
repl aces the cor rHut diditized audio samples are encoded using a commonly known

20 biphase mark or Manchester coding technique. The samples are transferred
serially at a rate of 2.8 MHz for a sampling rate of 44.1 kHz, 2 MHz for a

sampling rate of 32 kHz, and 3.1 MHz for a sampling rate of 48 kHz.



group of the nultiple digitized sanples of the anal og signals to tha53/07/2003
regei veg data buffer. Any non-correctable digitized sanples of the nmultiple
digitized sanples 13 25/ 07/ 2003 ~r of the analog signals are identified
for concealing. A block recovery circuit is connected to the received data
buffer controller to receive and interpolate the non-correctable digitized

I f th i ; - t abl
sanpl es of the anabig, 6iApalchizLd ARERpIADeATREL: i Fhifepon- correctabl e

digitized sanple Ing clrcuit 1S connected to the
recei ved da | ler to access those groups of the nultiple
digitized sgﬁﬂggghﬁﬂ%ﬁﬁ@g?§ not correctly received and declared invalid and
those of the multiple digitized sanples of the analog signals with

nonr ecover abl e and non-conceal abl e errors. The soft muting circuit,

Si'gnal st hat o o U5 PR 5 ASRRD4atARefssben SGHoRT Y i PraeS el T 2o

sanpl es of the analo ignals that are_ invalid or with non-correctabl e and
non- concé&al '@?@PF"B?‘??E‘ %}?Q"%f H%ﬁlﬂrFH'édﬁ?q i8N IPRdSIRAY 1188 CifCYibpot hi ng
function to the nultiple digitized sanples of the analog signals to bring

t hose of thdNGludes pmeagurgment sub-sisgHil kaving an iwuhiediesgiveiadinaing ookt are
invalid or with the non-correctable and non ~s conceal able error to a null
val ue. The rsigrail thatis asyipshroneus witk clockingtaf the inauksianglc iThewsynclronoupar e t he
bl ock transm ssion timng signal with a clock signal of the receiver
subsyst em t dimieg elock signal/measuresitie durdtion aiha pluralite otpuisesteceivedtdmethgr oup of
interleaved 20 multiple digitized sanples of the analog signals with the

aﬁﬁended er ngsut Gigrat i retstion a6l reqidrecylif aektimingnaioakssigme). N dstakdeioidiugat es a
bedndary of groups of interleaved multiple digitized sanples of the anal og

signal s w t iidcbaeapRanp@digial Mo BRNtEEddta 0 The dteHhtiod BEABEME Permfts WOE d6
wi thin each group of interleaved 14 25/ 07/ 2003 ., , ,. multiple digitized

sanpl es of tdnedigitd!compohémalis decbling tfgitid BESIdIAtLERCIINPLSIAG bighaseodes nust
contains the correct nunmber of digitized sanples of analog signals. An

interpol ati QRaRMEhcH@Ed GBI RBoGinCaithe ISTPOINGISA S/EBUPsthR@ardst t er tracki ng
circuit and the received data buffer controller to generate or elimnate
digitized sanples of the analog signals if the fitter tracking circuit

i ndi cates overrun or underrun of the contents of the group of interleaved
multiple digitized sanples anal og signals. An interface circuit is
connected to the received datsumﬁfaqy oPtie mMventiba | 1o translate the
digitized sanples of the analog signals to a format acceptabl e by
subsequent circuitry. The digitized sanples having variabl e sanpling rates
are, sanfl ed at SERNITHGT thig Byentjonds tg pEovidera syripp fopliansitting: digitizethe
transm ssi on subsystem may have at | east one anal og-to-digital converter
connect ed beemRies efirnalog ©grals- source and the data buffer controller to
receive the anal og signals and to generate the digitized sanpl es anal og
signals. The fixed sanpling rate is approximately 48 kHz or alternately
44,1 kHz. 20 The interleaved group of the nmultiple digitized sanples is
conpri sed of a plFurthéd, epotber pleiast ofdhigrimvenrdiantis t9ytransnof therdigidivesh desi gnat ed
digitized sanples of the group of nultiple digitized sanples, a plurality
of nost si grsafiptemef thé analeg signalsiSuch that the/probability of injerierence ivgthtthe ed
sanples, a first command byte, a first plurality of error correction parity
byt es) azopl urssmisimigsiaf aricethes coirgptidn ofdhe digitized sdmplae obthe aledog aignets is
digitized sanples, a plurality of nobst significant bytes of the odd

desi gnat ed dnigintizedby sangrhidting the sligitiret! sonplesdstburds shodeaparesbihdngher al ity
of error s correction parity bytes. The carrier signal is nodulated with a
pul se posi t itiomedf thednbebistgndy/represented by the transmitted digitized samples.



positioning of a pulse of the carrier signal within a period of the2d87/2e03
signal raccording to a binary value of a plurality of bits within the
transmt frame. The plurality of bits of this inventionis two bits. The
digitized sanples are encoded in a non-return to zero (NRZ) format. The
burst transmtter includes an infrared light emtting diode and a di ode

swi tching circui EveRRALRISEr %@fom@g,tb{elvag?ﬂgmgﬁ@vmams! t%rbdmgﬁ‘tt‘?é Gf]fgit%ﬁ the

infrared light emtting diode to a deactivate the 1nfrared |ight
emtting di L4 B ihBenaRd WS rL S5 at di | el rises a
| i ght sensi %%\ﬁ‘g%dél oc}e t Rat gr e@%ﬁ#@@ﬁlarngﬁerr a%l%a cg&hztg\%si\g%rn?dtuﬁg‘,apﬁﬁr red
light emtti | : v/ ve Hﬁ% F ' enodul ates the
nodul ated c rg%sceur) %Zréﬁs atr)n)p:f éoé\/gfrtéé%gkoggs'%zs D¢ %bgéoé) %:ael{g'ri er signal to
determ ne an eval uation point of the nodul ated carrier signal to recover
the transmt frame. s Brief Description of the Drawings Fig. 1 is a block
diagramof a transmtting and receiving systemfor digitized sanpl es of
anal og sisgnals of the prior art. Fig. 2 is a diagramof the format of the
S/PDIF intertace._ ~0 Fig. 3 is a block diagramof a transmtting and
recei vi ng syst emfoorccamplish thege andsther abjech a1 digjtal comEuBication systeMuvent i on.
Fig. 4 is a block diagramof the transmtting systemfor digitized sanples
, s of anal odostrgnemidingrdigitized $ampias obanaley gignalsiis complisrckofh agr am of t he
receiving systemfor digitized sanples of analog signals of this invention.
zo Fig. 6 i dsransdiissiorasulisysteefol transmitiirig theldigitzedofaniplesre coofmurieatibingi t i zed
sanpl es of analog signals to be transmtted and received by the
t (3ns m t t i ngnadidnrtecehveynipessessmittenf dipitized saviples ihaving various sampling
10 rates, and a receiving system to receive and reproduce the transmitted digitized

samples. The transmission subsystem receives the digitized samples having a

variable sampling rate from an external signal source and then converts the

digitized samples having a variable sampling rate to digitized samples with a

fixed rate. The digitized samples have error correction codes generated to allow

15 correction of any errors in the fixed digitized samples that may occur during

transmission of the digitized samples. The digitized samples are formatted nto

groups of interleaved digitized samples with appended error correction codes. A

preamble timing signal and a start signal is then appended to the group of

interleaved digitized samples to form a transmit frame. A carrier signal is then

20 modulated with the transmit frame and the modulated carrier signal is then

transmitted to the communication medium.

10



17 25/07/2003 , Fig. 7 is a diagramillustrating the conversi on &%/Q#{@003
non;retyrn to zero coding to the pul se position nodulation of this
invention. Fig. 8 is a diagramof the buffer addressing of the transmtter
and receiver s buffer of this invention. Fig. 9 is a timng diagramof the
operation of the transmtter buffer of this invention. 1o Fig. 10 is a

tining diagramild gsbhiid aﬂasyglemqy%anje%tmrg ol EEMMUPICALIBH nidifum &5 €1 ved

digitized sanples of analog Signals o Is 1nvention. Fig. 11 is a flow
diagramill QL ‘*"P@ AR stdr L Ak f anal og
signal s of ﬁ%%@%ﬁ@gﬁ%ﬁn é;ﬂgf"gf"te%z"%u S 5‘4‘133\?\7 |§§Pgﬁ 0 é‘%ﬂg} ﬁé‘?‘ﬂod of
receiving, r, | | renr. Cl di Qi Ll es of

anal g of gndr 4o bALuIERRNER-SEr BN R B REI bt} FRBARBLN: o
Refer now to Fig 3 fqr.a discussion of the strycture of the transgitting
and recei Vi darei@ét’%‘?rﬁ&“'zﬁﬂi%mpiﬁﬁe#ﬂq lgﬁ errgr QW&?@@”ﬁgeﬁ}mﬁhﬁﬁﬁ'@”@@'tsi gnal
generates analog signals to the left channel L and the right channel R The
anal og sour cfeamg. Thegyreyn ofgpterieaved digitizedh janelesivithdpa 6/©E Corsestiani o
receiver/tuner, or analog recording nmedia. The analog signals fromthe left
channel L anepdesareichackeshand e group spistarieaey digitizedisam h egotshe

anal og-to-digital converters 315 and 320. The anal og-to-digital converters
315 and 320 srenpirrectade |hasy ofthe iggnup of interleavdadxdiditized samples aré xed rate s in
the preferred enbodinent is 48 kHz and in an alternate enbodi nent the fixed
rate i s 44. luhddrrectidide, dingedtiaiatedbsamele Yaiepof thostamadirectabkedigitiasy! es of the

anal og signal that have been previously sanpled and recorded or stored on a
nfﬁll a such agamples is created by interpolating from adjacent interleaved digitized samples
- 10 to conceal any effect of the uncorrectable digitized samples. Any of the digitized
samples that are not concealable or unrecoverable or are invalid are soft muted.

The digitized samples are then transferred to a digital-to-analog converter for

restoration of the analog signal.

15 The transmission subsystem has a sampled data receiver to receive the
digitized samples of the analog signals from the external source of the digitized
samples of the analog signals. A variable sampling rate converter is connected
to the sampled data receiver to convert the digitized samples of the analog
signals that are sampled at the one rate of the various sampling rates to digitized

20 samples of the analog signals sampled at a fixed rate. A plurality of the digitized
samples of the analog signals is retained in a data buffer. A data buffer
controller is connected to the variable sampling rate converter and the data

buffer to control the placement and removal of the plurality of digitized samples

11



~0 conpact disk, digital audio tape, or other digital storage nedi gsyo7/»o03
sanpling rates of the digitized sanple may differ fromthe fixed rate of

the preferred enbodinent. In the case of digital source 310, conplying with
the industry standards that inplenment the S/PDIF format, the sanpling rates
will be, as described above, 44.1 kHz, 48 kHz, and 32 kHz. ~s The digitized

sampl es of affah&analogfgralshitnih I GHE bURE tAh EM6r dorRaoh Eb&E géRatof Ne
transmtter 395 converts those digitized sanples generated fromdiffering

sanpl i ng ratiggohResledtd ihéf‘d%téBmPérPc%nG&rb?‘i@fé%‘éiv(efrﬁmﬂ%@ihz&dj%érﬁé@s of 0 The

digitized sanples are reorganized to interleave the diglitized sanples such

that those dhgldnafdifsigRdPlfsudite RLb@ R6RIGIS fRnPRBIARL B Sthe! Nat they

will be transmtt nt tinmes. This separation mnimzes the

probability ; i.nte r W th transm ssi on
prevents cor%g%rtﬁogﬁdcg%g‘?@%@%@?#@@b?%xgﬁ %hegtogicéﬂ(é&}%&g%%ggs. Ref er now
to Fig. 8 for a djiscussion of the data structure of the digitized s sanples
of thi's i hyeARRESHeS i L Pin Aifrsshoatumies Gibs afhe S ILhER! tvo byt os
(16 bits) of the possible data sanples. The remaining byte (8 bits) of the
S/ PDI F f or nef€tyres fhepyitipledigitiged samples f hepraiag %gn@w%yh@@pem ts of
the alternating feast significant bytes of the left channel L (A~ channel)
and the | easerreiepniectienwordifreughdthe data bufteh cootrellanés thr data bvEfemelhe of t he
even desi gnated sanples. The second group 815 of 238 bytes consists of the
al t er nat i ng enertcasiagtion cedmyensrates crsfatashe Reed-{Saldmemetrot cermettipheodest
significant bytes of the right channel R of the even designated sanpl es.

The third grwittpall®eobr @3Bdlibh codensrdthat bés & latzablbek siatioi@38 bates and
st.gnificant bytes of the left channel L and the |east significant bytes of

t he ri ghtip chemeedntiol bitetdrel 18iparite diigsairefcarsafgrmatter isscohhectedds tHe gataup 825
consists of the alternating nost significant bytes of the left channel L

and the nostpsfegtbhir6ittto P3teds & intdiRaled Blouphaine muRiphé digiteze@danibfsy gnat ed
sanpl es. As can be seen, the bytes of one digitized sanple are separated

by 238 byt esofdHe iaRgiod Sigriswits HePdppended BRbr coMectif caeies tanafaphbldglagi ti zed
sanpl es are separated by at |east 238 bytes. While this structure is zo

adequat e f orpleBfbid BhRigshéhf BRA G BN bignal til6rel thb GitbAe dtgridap bethes are
possi bl e andpstlll are in keeping with the intent of this invention. 20

25/ 07/ 2003 ,mum'gnefiﬁgg&@a B8mpRs o the shaldd'SighaidNs frhi £iraRSMit @AM a4 s error
correction codes (ECC) 825 and 845 to be appended to the group of nost

significant BLepodifith ARdulafts 19baHecRld fBIAE fidht¥ohmaRoléb&ve fe0 of the
odd desi gnat'ed sanpl es 805.
transmit frame and modulate a carrier signal according to a pulse position
modulation with the transmit frame. A burst transmitter is connected between
the pulse position modulator and the communication medium to convey a
modulated carrier signal to the communication medium. The modulated carrier

20 signal is transmitted as a burst within a short time period to minimize probability

of interference on the communication medium.

12




The ECC codes 835 and 845 are forward error correction codes enpl o>?i5(|‘§742r983
s Reed- Sol omon nethod of error correction encoding. The ECC codes of this
i'nVenti on 835 and 845 have a synbol size of 8 bits' or one byte and will
have a Galois field G-(2"') or G-(28). The block length (n) of the ECC
codes 835 and 845 of this invention is 255 bytes (28). The nunber of

correctabl e errormhe donfhi@f&dtiohtndfurd rAdiibé Bi@rﬁeﬁfvﬁfe‘l‘esfs*b? hel z& Is 239
bytes, which is 238 of the nobst significant bytes 815 an 825 o t he even

sanpl es 800 ABdbiba Qider il A %%Ftﬁmﬂq.@ébea& 3P ds RAdic hpghcwyte 830

and 840. The preferred corre on o onl e ‘nost

significant Id be
appar ent 10 %r%e&&i k?ﬁ? 80 B ittt iof B, SEF RFord %a“@ fTo8rF!
(2"") could b en ang}ﬂf% a different nunmber of correctable errors
couldfurthe‘? WE e PAT CqRlei n keeping with the intent of this
i nvention. The i nterl eaved digitized sanples with the appended ECC code of
Fig. 8 z®bare fornmed for serial transm ssion as shown in Fig. 6. Each frane
is divided into two subfranes, an even subfranme 610 and an odd subfrane
615. The even subfheiieseBing subsystemage@cayedeannectsddo the commupication he
group of even designated digitized sanples 800 and the odd subfranme 615 is
struct ure asmgdium 25ed2¢ 200 amplify the matkdated benfier nighalgndoascover theld
designated digitized sanpl es 805. The ECC code 835 is appended to the even
desi gnat ed dirgngnnik frameafpdensodutatonispmoanectet éo thelreceiver t6 Henaotilildtb ¢heeCC code
845 is appended to the odd designated digitized sanples 805. 5 A timng
pr-eanbl e 620medalatsalcaarier sigred and ekirag the gralps @ nterebved multisle ajigitirete d
s}pecti vely before the even subframe 610 and the odd subfrane 615. The

timng pn@an@meéiaﬁmmham.%mbmamﬁé EFp@‘idedFErfd? chfrefidresodd. Enhdini que
pattern which identifies the beginning of each subfrane 610 and 620. ~o The

timng preangdfofdGtor RcdndBctBatd BrBedifeddaial BURr RAtetfn the T?r@hp\df()' ates the
normal pul se position nodul ati on hereinafter described. uni que

pat ternof thgtdriea,88 nﬁﬂtﬁﬁé‘@nbﬁlzﬁagaﬁﬁ%sﬁ&qhé analgh st a%’W'lr.VtHeOé’kﬂaetn@eé' l'ow t he
receiver to tdentify the timng preanble 620 an 30 and "l ock" onto the

timng preanthg &%&camcéé@ A T&ivdPddtabufier %ﬂf@bﬁls%ﬁn@&gd@éﬁ'@“h

consi st of two bytes of a ~s unique pattern indicating the beginning of the

even subfrangg,8dHa@Pend i relbifeli {Ha’ﬁﬁff’éii S'E:BHP& tnstel Bt Hedirblipsds Sanmpl es

of the anal og sI gnaﬁﬁpgare then useé to m) ulate a carrier egjg?gna$E!V\,1th| n the

posi t 1 on SrodiefieeSEe Pl SEMeRE RSP b BRaBR U 0 b BB
possi bl'e cont gald AR oPLLAGH: EYBLOE 9 ORRENRS APASG, "Bleror

non-return tO Zero enco itize arrpl es

Tbpm 700, 70§1ecgja%d C%Prgf;tzgh‘gcn}c?utqé \ébﬁw&t%é" oothfquéel%@égtﬁ buffer car?tr? %r to 54. The

pl ot 720 shows the res oSl I on co
receive one group of the multiple digitized samples of the analog signals with the

appended error correction code. The error check and correction circuit checks
20 and corrects any errors that occur in transmission in the one group of the

multiple digitized samples of the analog signals and then replaces the corrected

group of the multiple digitized samples of the analog signals to the received data

buffer. Any non-correctable digitized samples of the multiple digitized samples

13



22 25/07/2003 r. invention. The NRZ code (00) illustrated in the 25/07£3008
700.plages a logic level 1 in the phase slot ~,; NRZ code (01 ) illustrated
in'the bit time 705 places a logic level 1 in the phase slot ~2, the NRZ
code (10) illustrated in the bit time 710 places a logic level 1 in the
phase slot ~3; and the NRZ code (11 ) illustrated in 5 the bit tinme 715

places a | ogifghé aﬁstbglsigﬁaksea@haéﬂ.réh%r caﬂeeaTlhg mﬂa&aﬁé@@v&%ﬂcaﬁ issi gnal is
then burst transmtted to a comruni cati on medium 345. The fodul ated carri er

stgnal is t1apmgkiehad 1iSrelchilth dafa Bl bitrdieF WiREE Y GRDmfeRtiBteqfe | Nt 0 the

at rmzphe][e in wrel ess ](c:ormunl catron or is ~o transmt so as light or
Communi cat ?W?@frr%%ﬂﬁodm%‘%%a%%éﬁﬂé%éﬁé%n Bb%abﬁ?%‘t i

is transmtted on a fiberoptic cable rrier |gnal IS
{ransm ¢t ed BE NR-SyrteciBig 5'9%&518?@8'95@“9 SIS A ol EbBEH TS e o
sinple twisted pair two wre le. 15 The 476 di gltlzed sanpl es that
conpose & f r%Rfﬁ‘eﬁ?edttﬁéh%T%Pt"eQé’@t%Blﬂﬁﬁr@Q”V@lﬁré%é‘?ﬁesii@o%ﬁagfﬁ“@'é obthea stereo
nusi ¢ presentation or 2.479 milliseconds of the presentation. The

transm ssi onmilitipldigitizedsamples tatwvese adt earactiy recsivpeand dedldredpimefidr r ed
enbodinment is at 2.0 MHz. Thus the transm ssion of 476 digitized zo sanples
coupled wt hartdﬁho’sémfth@ multpledigitizedheansples of the agakiggeighals with NeGC code wor d,
and the command and control byte (493) byte) requires 1.972 mlliseconds to
conpl et e. Thecbverable dridaronatdricenlablebardrs abaisbft mulingrcineuit,| futitken, dl e for 20.5
% of the tine. This will mnimze the probability that any burst of noise

'4¥I i nt er f esiccedSes thddé 6FthaGtdtiplewigitized sampiéeof tha @i ctssigmals kHat tahe
t¢ansm ssion frequency is increased or the period of a burst of the

di gi ti zedy SagarteRst af@ atipaentdo thdwe dfith@meiltipls dipitires sampladasitieasansiognd t he
idle tinme increases, further inproving the probability of having no

i nterferencegg ﬁa@%t@wmvan@ar wAh hbRlcofre&taBle dridionicoridedRbNe bir6@. Othel he
comuni cat i on medi um 345 is conveyed to the receiver 300. The receiver wll

recover the mﬁ%hﬁﬁfeﬁr&ﬁmhéﬁépﬁli&r@émeathﬁ@rméﬂdnna thé fritiIe bigizedF si gnal
to electrical signals

samples of the analog signals to bring those of the multiple digitized samples of

the analog signals that are invalid or with the non-correctable and non-

15 concealable error to a null value.

The receiving subsystem has a jitter tracking circuit to compare the block
transmission timing signal with a clock signal of the receive’r subsystem to
determine overrun and underrun of the contents of the group of interieaved

20 multiple digitized samples of the analog signals with the appended error
correction code. The block transmission signal indicates a boundary of groups
of interleaved multiple digitized samples of the analog signals with the appended

error correction codes. The number of words within each group of interleaved

14



. . 5/07/200
The nodul ated carrier signal is then denodul ated to recover the trans’m {t d.j

frqme of* the groups of digitized sanples of the analog signals. The
receiver of this invention does not extract a transmtted clock fromthe
nodul ated carrier signal to synchronize the receiver 300 with the
transmtter 395. The receiver 300 has a clock that is independent of the

transm tter mbigpk. digitizdhsamgles ol sHalRksigrals Pk tid gsbendeBeriopni nal |y
identical with the transmtter clock, but because of tol erancing and

phasi ng di f fQfRRAES cBEsYRAs &hﬁmﬁme@oﬁ@bﬁnwﬁm ﬁfg@dz\éﬁ%amérg Gted carrier

signal is not always received correctly t ,5 an causes e To mnimze

the ¢ iéﬁ%ﬁ]té@%ﬁﬁﬁ?ﬁt ARl SRS E“fa% g Gl ﬁ'b??;ra‘“
?Xéfiar‘évia?qa#@gr@@'& g e rg*@&%ﬁ?@@hf ﬁgéﬁa@%p%ﬁ%ﬁées TSR, canency

of the carri o7/, : narel atlve e nunber of
over sanpl§ ndﬁg'é@?ﬂ’ F@mp c“hoéﬁ'tQ '%?'nglséffth@& | tERcking\gingyit ¢ thﬁgi c |evel
after an opposite logic level in the received nodul ated carrier signal, a
starting eveAVEEUNGH PEPHEN phthaaentanss pl e gsaumelinigngawtuliplcdgitizee

eval uation occurs at the frequency of the nodulated carrier s signal after
t he ar bi t r ar4@nyples oaked signdlsuat i on poi nt. The eval uated data i s conpared
with the expected timng preanble. If a msmatch occurs between the

eval uated data and the expected timng preanble, the starting eval uation
point is adjusted and the data reevaluated. This process is repeated until
t ti m ng preantAreinterface covdt sccohnected e theereeeived datedhulfier edniralleriter

ignal. ~o If the total timng preanble is then detected correctly, the

ti m ng ofio t tearrstateVies digdized sdmpesaf tiedlanaiod signaiskied fofmateadchptableciey vi ng
timng is locked to the received nodul ated carrier signal, the start flag
signal is scdigebqhiersrsirctieryr ecei ved nodul ated carrier signal. If the start
flag signal is not found, the frane ~s is declared invalid and brought to a
null level. If the start flag signal is recovered fromthe received

nodul ated carrier signal, the transmt frane is then recovered fromthe

recei ved nodul at %ecaa?.mt@d sa%;SlBé‘hava"vBﬁéblb%aﬁipﬂng tdtek @Fe 8amipled 40Pl et e
overvi ew of the selection of

sampling rates of 32 kHz, 44.1 kHz, and 48 kHz.
15
The transmission subsystem may have at ieast one analog-to-digital
converter connected between the external source and the data buffer controller

to receive the analog signals and to generate the digitized samples analog

signals. The fixed sampling rate is approximately 48 kHz or alternately 44.1kHz.

The interleaved group of the multiple digitized samples is comprised of a
plurality of least significant bytes of the even designated digitized samples of the

group of multiple digitized samples, a plurality of most significant of the even

15



zo evaluation point to determne the | ocking of the timng of the 1% 877 (2903
300, with the received nodul ated carrier signal 750. The recovery clock 755
had a frequency or rate of sanpling that is, for the preferred enbodi nent,
a factor of six tinmes the frequency of the carrier signal 760. The tim ng
cl ock 755 sets the 25 25/ 07/ 2003 ,, sanpling tine of the nodul ated

carrier si 9%tighald dibfzéEaKAEEh AR] Sordiiand BytkI8 AisP BlufalltP¥Pmal e

nodul ated carrirer sig _ he sanpling _ ng clock 755.
(Togi o 1 everoReRie predf pltesy shBeled of BE st BReP R R ik a2 y

eval uati on pgi.nt %50. The successjve evaluation points will be at the rate
of the ' cadigiizedsseippies. Apiueality of mestsignificantiides oidhe odd designataste of the

timng clock 755. It is apparent to those skilled in the art that the
frequency ofdigiized samplgs, a-seqopdiconsmanshyte; @ngedsecoad piusalily Rfiptrppl e f act or
of the frequency of the carrier signal and still be in keeping wth the

i ntent ofs t hosrectioreparityiyteShe recovered transmit frame is then denodul at ed
in the receiver 300 to extract the raw non-return encoded date of the
digitized sanples fromthe pul se position nodul ated code of the transmt
frame. ~s The pul se position nodul ated code of the transmt franme is

reconverted as esplediafest sighaFistmodulated it d%@@ﬁsiﬁ@'ﬁwlﬂom_ﬁﬁ&ﬁfdrdata of
the digitized ° sanples to recover the transmt frame. The interleaved

di gitized samitRsiry oftsulensa g cairihdlghapWithih Repdricd ot Bstesarbesighan checked)
and any of the interleaved digitized sanples that have been corrupted

g@r)i ng transy¥csadinyitod Bingh/ vahed 60Ca p%@ali&ggﬁﬁi@\ﬁaﬂ@ﬁ\e transniit ff@e EFRecheck and

recti on enpl oys Reed- Sol onon Error rrection
10 plurality of bits of this invention is two bits.

The digitized samples are encoded in a non-return to zero (NRZ) format.
The burst transmitter includes an infrared light emitting diode and a diode
15 switching circuit connected between the pulse position modulator and the
infrared light emitting diode to activate and deactivate the infrared light emitting

diode with the modulated carrier signal.

The receiver comprises a light sensitive diode that receives light radiated

20 from the infrared light emitting diode.
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met hods that are well known in the art. In the preferred enbodi nent25/87/2003
synbol s ;or bytes are correctable in each of the group of 238 nost
significant bytes 810 and 820 of Fig. 8 plus one command and control byte.
The method to s acconplish the ECC checking and correcting begins with

cal cul ating the syndronmes indicating any errors in the groups of nost

signi fi cant byt g8 HarAg a2 YenclistAARE (f-RISd BLrBPShnal @i i cant bytes

820 and 820 with error, anp s 1terative al gori 's 1 nvoked to find
the error |aqc [ om gl .. The Chien arch et hod i nen used to

[ ocate the Pugteamging s Bpfupeldanie st BEciRmRTS AR svatalen Aol ey
algorithmis use onpute the error nituges to reconstruct the
correct dat e mpgpt@gchcagﬁ%r $ghal te Fecover kﬁggfﬁnamé?r@m ectable by the
Reed- Sol onon Error Correction Method, in the case of the preferred

enbodi mrent 8 bytes, those non-correctable groups of the nost significant
bytes 810 and 820 are identified for further processing to conceal those
errors. 15 The digitized sanpl es of analog signals that are identified as

havi ng uscorrect abl e err oBriahDesesiptionjofdbe: Deawirgs di giti zed sanpl es
are then ,~ ? conbined to interpolate an estimate of the magni tude of the

sanple of the an : |qm| . LS rall dj acent

sanpl es do not vg@qg@ga' J((?l%]ﬁra gﬁﬁéﬂﬂs@ﬁgﬂtﬁgﬁé?ﬁﬁggpsg%tgh ﬁ)& bet ween

adj acent sanpl.es will nceal any non-recoverable errors. In audio
applicati on@g'ﬁﬁeé},\%aé?%égf’f%%'?ﬁ s'§H3|g§6m$0pr¢ﬁrlq%pnot be affected, even though
there may be sone high frequency distortion. 27 25/ 07/ 2003 , If any
fgames of the digitized sanples of the anal og signals have uncorrectabl e

a

non-conceal ahle,errors, or if franes .of I ecelved nodul ated carrier
si gnal are decl aP@j2i'ﬁ\?ad}?%,a"‘tqég%;qmgﬁgfstﬁﬁrsé'gég:]['f‘g €d to s prevent any
"clicks" fromunrecoverable errors. The soft nuting enpl oys a Hanning
wi ndow t¥® weight the franmes of the digitized sanples of anal og signals
adj acent to those franes that have uncorrectable errors and non-conceal abl e
errors or that aF@.iBrsalblerkdagiemyefta trarsmiting anddeceivingiystem tfent fr anmes
to slowy decrease the anplitude of the analog signal to a null value. ~o
Furt her, nutdigitzadssamepieeobanaigo pigogisaithiniventien.ay to nul | subsequent

Fig. 4 is a block diagram of the transmitting system for digitized samples

15 of analog signals of this invention.

‘ Fig. 5 is a block diagram of the receiving system for digitized samples of

analog signals of this invention.

20 Fig. 6 is a diagram of the format of a block of frames of the digitized
samples of analog signals to be transmitted and received by the transmitting and

receiving system of this invention.
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digitized sanples of the analog signals. The extended nulling of tH&/07/2003
subsequent digitized sanples of the analog signals avoid repetitive

i hterference fromsuch sources as infrared remote controls for television,
vi deo tape recorders, and ~s audi o systens. The infrared renote controls
send a burst of data that can last from0.2 - 1.0 seconds. Each frane of

the digitized sa nstant nunber
of digitized sarrprl]EI‘P %S'sg/dlgmq&%tﬁalnaeﬁ%%dj%ﬁ%n gﬁ?&r@hr}ﬁg‘rﬁg 8 %escri bed
above, the differe nthe f the transmtter 395 and the
recei ver SOCFOéHlQSthﬁFWH @ Ftoé 98 WU?%WQHJ‘E}HS INVRBYQN.di gi ti zed sanpl es
received in a franme) or "underrun" (fewer digitized sanples received in a
frame) of the digitized sanples received in a transmt frame. An overrun
causes nore 28 25/ 07/ 2003 digitized sanples to be in a transmt frane
whi | e an under r uFigliisesdibgram otthgibuiferaddressingsf the ttaasmiteeianddecaiver
transmt frame. The receiver tracks the fitter or m salignnment between the
f requencys ofbuffee of this irventiorgnal and the frequency of the transmt frame to
detect any of the frames of the digitized s sanples having either an
overrun or underrun. Wien an overrun or underrun occurs, the receiver 300
interpolates or decimates the frame of digitized sanplas to insure the
constant number g @i d idRgY GESBAS thé operbligisf thehRans AR Duler bdis
digitized sanples of the analog signals are transferred 390 to an external
circuitry fopyditfonher processing or are formatted to the appropriate order
to be transferred to the digital-to-analog converters 370 and 375. Those
djqgitized sanples of the analog signal 370 of the left channel L are
t((/gnsferred to the digital-to-analog converter 370 that in turn reproduces

the 11t -s oharigl "Hear UhiB hrbmigaEh e 4B BnpiAg HESPoOBRTE, fer
375 that in tegéloeégﬁlt%ﬁcs%@ﬁl&eoSI On&%?ﬁh%g%hh%?ﬁwgﬁ{ l_the ri ght channel R

Refer now td or a di'sctus FAnSM L YRy system 395 of this
i nvention. The analog source 305, as described above, provides the left
channel L and right channel R anal og si gnal s. The anal og- to di gi tal

converters 315 a ectivel e the ef t hann and ri ght
channel R anal og "¢ ﬁ‘a‘lsf fgﬁﬂgﬁgﬁaé?ﬁtuée% F?&?f digiiged nal og
signal s. Addi t| nalt%ﬂ | i .07 /20 3 descrl bed above) the digital
source 310 pidRR'ER Etj?q F'?Bﬂsso ?é@'eﬂ O%he anal og signal. The digitized

sanpl es of the analog signals fromthe digital source 310 s are transferred
to the di'yital recel ver 400 The digital recei ver 40n acquires the

digitized sarrple n e at the are retained within
the digital sour (é2t 'aQF%‘Pg ‘Q\Aa env Igﬁﬁovfeé'PgDAT and DVD,

d 32 . I : .
an concealing, and reproducing digitized samples of analog signals of this

-

invention.

20 Detailed Description of the Invention

Refer now to Fig 3 for a discussion of the structure of the transmitting and
receiving system of this invention. A source 305 of an analog signal generates

analog signals to the left channet L and the right channel R. The analog source
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kHz for DSR). The digitized sanples of the anal og signals are trans?%07¢@oo3
to the,variable sanpling rate (VSR) converter 405. The VSR converter 405
nmodi fies 1o the digitized sanples of the analog signals to digitized

sanpl es of the anal og signals sanpled at a fixed rate. In the preferred
enbodi nment, the fixed rate is 48 kHz. Thus, the digitized sanples for CD
are nodifie I FRGFEpH r i®fe t ia.

alternate e%ggmﬁ enpl o@@shﬁﬁaﬁﬁg C;éﬁte gtdg‘?ﬁﬁ%ﬁ%{? eﬁrgﬂﬁ rﬁeé%ﬁojgﬁ?o

oo i Efbfgidards REMIG [ dafindl 12 8l FRIRIE Bnflind ReredBaLRG,24Ena! 2 0 @

digital-to-a onverter toO repro rigrna | . The
repr oduced gnal og, sigpal s then.an inpyt to.an -to-digital .converter
t hat sanpl ezhet Wé’gfse‘f?%ﬁ%aea'ag'fa\%'ﬁ\g&a %‘?‘E{ﬁﬂ?rs 1%?@?4(2&’? ar 0@-&0-&9&% f or
the preferred enbodinent. In the alternate enbodinent, the_fixed rate may
be anot her {CPBYRIEATEP15@0d 320 sample theanalny signals ata fiserkrate. The fixed eatgi t i zed
sanpl es of the anal og signal are then transferred fromthe

anal og-t - diiytheapretesregdernkedimentss 48 kHzZmddn anledtewnate abibedinant thenfixadat e
converter through the transmt data buffer controller 410 to the transmt
data buffer rateds 44.1Rh&. transnit data buffer controller 410 controls the
access to and the retrieving fromthe transmt data buffer 415 of the
digitized sanples of the analog signals. The transmt data buffer 415 is a
random access nenory (RAM. In the preferred enbodinent, the transmt data
buffer 415 is a FhetdigitaRéddrcdone providest digitizedbsamples tof thel anadey signal as
dynam ¢ RAM (DRAM or synchronous DRAM can be used for the transmt data
bgf\.fer 415 amét telvelbeeh @réviolshesamglediaht réddedbestorad ot Binsedid¥ach boa. Ref er
neW to Fig. 8 to discuss the structure of the transnit data buffer 415 and

t he assi gnmeafripaef ditk &ligGRNBoaie tapd) b @the? ididitte stétrdid ingalin® arid §&smpling he —s
anal og signals. The transmt data buffer 415 is segnented into groups of

buf f er bl oc I i , Jhelsf er Dbl ocks,
but o 3 Bt g B O BT O e "ot t b

anal 0g. i g PhAEAL Ih hESER S sodte 498 HIANGIAKne W30 | cas:

significant bytes of the even designhat 1t npl es f the

anal og sign i LI buf f er
oL a0 A B L ot SR O TR aritlndd i B 4
described above, 44.1 kHz, 48 kHz, and 32 kHz.
15
The digitized samples of analog signals are transferred to the transmitter

395. The transmitter 395 converts those digitized samples generated from

differing sampling rates to digitized samples generated from the fixed rate.

20 The digitized samples are reorganized to interleave the digitized samples
such that those digitized samples that are adjacent are separated such that they

will be transmitted at different times. This separation minimizes the probability
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bytes of the even designated digitized sanples 815, the conmand and5¢@2008
byte 83Q, and the ECC code 840 occupy the second address segment 854 of the
first buffer block 850. The 238 |east significant bytes of the odd

desi gnated 31 25/ 07/ 2003 . 4 digitized sanples 820 occupy the third
address segnent 856 of the first buffer block 850. The nobst significant

bytes of th ] s (o TR M he fourth address
segnent 858%()6? %ﬁ Hgﬂé?%f‘ E%&?tﬁ él?é g%@%ﬁsgw@%p%@{ r(r%(léﬁéifj)%re‘&enabl es the
interleaving of the.digitized. s les to allow the correction s and

conceal nent néh'%”’é‘ %ﬁ'ﬁ? ﬁ@ﬂ{-’-?aﬁgmp ron. Additional franmes of the
digitized sanples are likewi se retained in the buffer block 2 870 and
buffer block 3 890 in the same organi zation as described for buffer block 1
850. This allows_operations (receiving fromthe external sources 305 and
310, ECC encodi nRefeimgwtpdigd for ardigcussionef tecdatppiratiae ¢fithedigitizes . Each
of . the groups of nobst significant bytes 815 and 820 and t he conmand and
control byt éampBs cfbis dn@ntior rethis ihventionhthetdadansampled abasibudfitan 415
transferred through the transmt data buffer controller to the Reed- Sol onbn

Error Cor r ebyiesr(1&bitspafthd pOssifilealadCearmplesd@he 4drbaigimgebyde ¢8 bitd)eof syerbol code
work with a Galois Field GF (28). Each synmbol is a byte, as above F "~

descri bed) smRDIFforratie didcanyerl. STHY/fireSgroap 1890 ©PL38 BYtes cordistest t°C codes
840 and 845 are each appended respectively to the nost significant bytes

815 and 825 afbrriakifg RERNsigRBichityRsKIofRE IgNeHRRe i gA thamibi panPlrRIe880 and
805 in the second address segnent 854 and the fourth address segnent 858.

g@h 55/ 07/ 3fffticant bytes ShPei e EhSHEPR @ FHahhdél of FRBVeRIRIghai&] i eved from

uf fer bl ock
10 samples. The second group 815 of 238 bytes consists of the alternating most

significant bytes of the left channel L and the most significant bytes of the right
channel R of the even designated samples. The third group 820 of 238 bits
consists of the alternating least significant bytes of the left channel L and the
least significant bytes of the right channel R of the odd designated samples.

15 The fourth group 825 consists of the alternating most significant bytes of the left
channel L and the most significant bytes of the right channel R of the odd
designated samples. As can be seen, the bytes of one digitized sampie are
separated by 238 bytes during a transmission. Further, two adjacent of the
digitized samples are separated by at least 238 bytes. While this structure is

20 adequate for the preferred embodiment, other interleaving patterns are possible

and still are in keeping with the intent of this invention.
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850, 870, and 890 of the transnit data buffer 415 individually trarfSf@7{%993
to through the transmt data buffer controller 410 to the frane formatter
425. The s frame formatter appends the timng preanbles 620 and 630 and t he
start flag signals 625 and 635 of Fig. 6 to assenble the subfranes of each
t~ ansmt frame 605 of the interleaved group of di gitized sanpl es of the

anal og signal s. acces i.eval at tern of the
transnit data buﬁeglr’m@ogémﬂt g’e tﬁarbg/ngﬁerf:ﬁ%egen?ﬁaé@ erre c%fF%'Bn&Pdﬁ?'gl tized
sanples fromthe an to digital converter 305 or the di ?I tal source 310
are stored |(ﬁcm§2§|§r§’?54t§dpfl?§rm9ﬁ6€%d ttbe groumef mostsionificeat bga8A® 900. The
second group of digitized sanples fromthe anal og-to-digital converter 305
or the digi tand the@rewp sfirpostrsignificantlytes 82016f hecsiddiasigriatad saroplks 805. duri ng
the second tinme segnent 905. During the second time segnment 905, the ECC
encoder 420 HeckE€Candeh@3biand845 ¢ forwhiderkor&mirectiom eoddseempibging @& codes
840 and 845, and stores the ECC codes 840 and 845 in the first buffer block
850. | n tshe Rédd-Bolonion raedioe of ePdlcoreectibh eAceing pThé EQ@tddesast usignpl es i s
stored in the third buffer block 890, the ECC codes are generated and
stored in t havareaeBsuHd 845 hdvecksyanib) siedfiBstsidriove WteHRd @fll Haveth gi ti zed
sanples with the appended ECC codes are transferred to the frane formatter

425 and on f@élotsrfeéréwﬂm GAEhi Muettisckf1engthling 6fMBe TTHBoHesY g5 argy f ourt h
group of digitized sanples are placed in the first buffer block 850 t he

group of di gids grafissaien .éméb,ge@ﬁﬁ &@Hbinsérgﬂ&ﬁ#ecweef sjgnt on for

25/ 07/ 2003 transm ssi on codes tor the group of digitized

f@}}p' e 1 pbhis e BULARoRAC ERRs81 SDRI AP B0 ALOLSADE Ko L0 L e

d buffe ock tern or or| n accessi ng ansm t
data buffer 4 G | oW n 9 9 and forces
si mul tanlé’ousm%sg PC%%B!@?%P ﬁ&nﬁgzﬁﬁ’gt%?\feﬁsﬁ@'ﬁgbggﬁ%a&znd 890. The
transmt data buyff controller 410 rust appropriately arbitrate the
accesses ancagiRlps fGS AEY RS GPEmeRd ARdERB REPYE APIAES401 0 Fr om the 11 ane
formatter 425, the formatted transmt frane is transferred to the pul se

posi tion nodul at or 430. The pul se position nodul ator 430 encodes each pair
of bits of the transmit franme as descri bed above in Fig . In the
preferred enbodi Jé\?tpreﬁﬁr«?dfqnwféﬁw %'PWFWQ"@QI‘?W ef °"§Y87%’i"°ﬁto'%ﬁﬂ'§@%ﬂ by the
transmt frane is at |east 2. 5 As described above, the period of
time of ' the kYRR 1%ARY §§°§fEﬁﬁaﬁ'g'P%ﬁiﬁﬁ%@W?%d"W‘{'%Eeﬁpﬁﬁ%em fo ?’P%ﬁ'ﬁ"‘i‘% 2. 479

mlliseconds and with the carrier slgnal heing 2 Mz, each transmt frane
has a dutsat iiBAGAT tha Axifferent Galsiseald GF (27) colld be chdsen and that a

different number of correctable errors could further be chosen and still be in

keeping with the intent of this invention.

The interleaved digitized samples with the appended ECC code of Fig. 8
20 are formed for serial transmission as shown in Fig. 6. Each frame is divided into
two subframes, an even subframe 610 and an odd subframe 615. The even
subframe 610 is structured as described in Fig. 8 as the group of even

designated digitized samples 800 and the odd subframe 615 is structure as
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As described above, the burst transmitter 435 is activated to tran2af®742%983
modul ated carrier signal. In the preferred enbodi ment of this invention,
the burst transmtter 435 is a switching circuit that activates and
deactivates a light emtting diode 445 to send light to the atnosphere

whi ch acts as the communi cation nmedi um 345. 34 25/ 07/ 2003 ,., As stated

b e . . . _ " ,  ed
communi cati coeuenged  Ha e R the Bl s Bt zatieh 668, Oie ESE TN 1 o
tw sted i ble. T t t mtt . 435 it jth | i ght
or RFsi gnal 854 RApPERGRGR ubh fF el ik RIS FotnSintas. The”
clock circuit 440 provides the necessary tim ngtsi gnal s to the anal og

to-digital cOfiEMes10 andtheCGrode §48 isaprendae te theadd dasionsteds kHz (or
the alternate fixed rate of 44.1 kHz). The clock circuit 440 provides the
necessary ~odigitizedgagptpsfi0S.t o convert those digitized sanples of the
anal og signal taken at rates other than the fixed rate to be converted to
the digitszed sanples of the anal og signal sanpled at the fixed rate. The
clock circuit 440 generates the 2 MHz carrier signal and transfers it to ~s
the pul se positi ontimriupreambleded ared 63@ahe atstuet flayslyadl@R5cad 638 al gnal
that is the input to the burst transmtter 435. The clock circuit 440 is
fixed frequeasperidetirespedansly deford i évidh subiraaie ealoi 0 MbeRIdtdilfaard for a
phase | ocked | oop oscillator at either the transmtter 395 or the receiver
300 of Fig. ¢15 Reh&iimigpreambied-620 drief 63b eFCdonBist SMuPlo 1d'6yte8eEYVI NY
system 300 of this invention. The nodul ated carrier signal 1s transferred
o the co ' ' : : ; i t cei ver
883 . ”UMQ&& Béf}t]ée}ﬂ W\Iifgﬁq m%ﬁgﬁgs/ tﬂ@%%g(ngngqn%?lg%cﬁ‘gﬂbﬁ%éﬁ Peérhrdgsc?o?

hat recovers’t ated carrie the pre
Mont sent O EreBbBR e AFEa TROUHE 1 PnRAETRRRH et TRBSRS b, o
Ziegﬁgfj- and aI[ITgrln%afl ipggeip%sﬁigﬁ rrqoecﬁx?aiti\é%rhe?gi%a gr ée%%ﬁggé. 'hh]e? urqlla(tj.lglpaa tgpno arrier
the timing preamble 620 and 630 is sufficiently long to allow the receiver to
identify the timing preamble 620 and 630 and “lock” onto the timing preambie
620 and 630. The start flag signals 625 and 635 each consist of two bytes of a

15 unique pattern indicating the beginning of the even subframes 610 and 615.

The formatted groups of the digitized samples of the analog signals are

then used to modulate a carrier signal within the transmitter. In the preferred
embodiment, the modulation is a pulse position modulation (PPM) as shown in
20 Fig. 7. The plot 725 shows the possible combinations of voltage levels that
comprise a basic raw non-return to zero encoded data of the digitized samples.
Each bit time Teem 700, 705, 710, and 715 is divided into four phases ¢+, ¢2, ¢3,

$a. The plot 720 shows the resulting pulse position modulation codes of this
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_ _ _ 25/07/2003
s The receiver 505 | ocks on to the nodul ated carrier signal and conpl etes

the recopvery by the oversanpling of the nodul ated carrier signal to capture
the groups of the digitized sanples of the anal og signals as
above-described in Fig. 11. The denodul ator 510 converts the pul se position
nodul ated digitized sanples to the raw non-return to zero encoded data of
the digitizes,ehiBR! The NRZBGYS (T ALSIrARE i theMittime 700 PRacde @

?ﬁeagfane ?% rﬂ 706? g@k3§§¥tized

digitized sanpl es now have rmat of the interleav

sanpl es of FEi.g. t r gh the
receive daté‘ 'Et}?égﬁg%’o%tg {ra?fl' F@{?% @g) iﬁlkge{m?t%@& @‘grﬁﬂk"g@gﬁf P %%8%%368@5 The
recei ve data buff.er 5 i S.,strugtuyr a gdransm.t . data.buffer 415 of
Fig 4. The??veeiéi'oéh%ég%sebﬂ?tf‘térﬁ‘?wgoie i@ﬁa@#a%eéggh%éﬁm,? ich, in
the preferred enbodi pent of this invention, i|s t at,i \ However, ot her
rorory. st r uBAReE DotHouel RN Bhess fiekhso At eolARIEHR (1D e he
receive zo data buffer 520 and still be in keeping with the intent of this
i nventiof. ThebdtimecT1f plages afpgic level indheiphasetielider 520 is identical to
that of the transmt data buffer 415 as described in Fig. 8. The receive
data buffer 520 has 36 25/ 07/ 2003 1t1 the groups of buffer blocks 850,
870, and 890. Each of the buffer blocks 850, 8TO, or 890 has address
segnents 852, 85Zhegb@julated castersignabisdhen blnst frassmittef to Beommiwericatimned
digitized sanples of the analog signal. The nost significant bytes of the
even desi gnahediumaBdsl ekheahotiliateavaimay sigrehéd tratismitted as ightrars ragligni fi cant
bytes of the odd designhated sanples of the anal og signal 825 with the

E@ ]pg?t IC \(;ﬁt ?wed@,d&maam&ﬁn&ﬂmewﬂo%rawwrr@rees cuREhuUPlcatiBg oF fcei ve data

er 515 fromthe receive data buffer 520 and transferred to

the ReedfoSO'tPammit%%Canggﬁe%m FPradid\Fe iRy HanSRI@ERE HEMsHRSINS 535'135

checks and corrects t noSt signiticant bytes of the even and o

desi gnated di Qi (R, HiRe Ak idgy Latiad sldie gst%sﬁggga;ﬁ@@ggtmt hod

as descri be ove. e corrected nost signi tes n and

odd desi gnateg AL dlcbidnth fBdRBhFScibte. e RrauRhéd EhPiePignal is transmitted

as RF, it is transmitted on a cable such as coaxial cable or simple twisted pair

two wire cable.

15

The 476 digitized samples that compose a frame of the digitized sampies
represent 119 sampies of a stereo music presentation or 2.479 milliseconds of
the presentation. The transmission frequency of the modulated carrier signal in
the preferred embodiment is at 2.0 MHz. Thus the transmission of 476 digitized

20 samples coupled with the timing preamble, the start flag signal, the ECC code
word, and the command and control byte (493) byte) requires 1.972 milliseconds
to complete. The transmitter will not be transmitting or will be idle for 20.5 % of

the time. This will minimize the probability that any burst of noise will interfere
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t hrough the receive data buffer controller 515 to the receive data28{(@7/2003
520, ~s«Those of the even and odd nost significant bytes of the digitized
sanpl es having uncorrectable errors (nore than 8 bytes in error as

descri bed above) are identified for further processing to conceal the
effect of the errors on the reproduced anal og signal. Those of the
digitized sanples.,identifie s Jhaving.uncorrectahle errors are retrieved
with their aﬂ”ﬁhﬁgﬁiaf@m%% 055% trgns FqueneY 18 Ingregned Bbth§iR?ﬁ'8(as°ff rom
the receive data buffer 520 and transferred through the receive data buffer
control | er =BUrShofthe digitizad sampieedscreasesthe thopof transmisdien deresses v
circuit 530 37 25/ 07/ 2003 . A interpolates an estinate of the

uncor r ect ablandthgiigleime ivaregses, furthartimproxifjigebe probaibijity offwvirgampl es of t he
anal og signal to conceal the uncorrectable error in the digitized sanple.
The pr ef er r eédtefetmdienent enpl oyees a |inear interpolation between adjacent
digitized sanples to insure an ease of hardware inplenentation. It is in
keeping wth the invention to use nore conplex interpolation nethods. The
interpolated estimate of a correct magnitude of the uncorrectable digitized

sanpl e is transf aheatodulg@dtdagidelsifial that RMAINnittdCon thedstnrhiMiiestan t he ~o
recei ve data buffer controller 515 to be stored in the |ocation of the

uncor rect abligedilgi 34578 €oRMEIIIS thd FdtelvBE 306:C ThY Fecdlel willidcBleRE. Any of
the digitized sanples that "have errors that are neither correctable nor

conceal abl e rﬁé&flé;at%@@airrfiéres‘?grfa‘?%%emerm’d{j g‘rghf‘ér REQRpaPY él?gtg%&q{'}éﬁgﬁléﬁgmm S

cont?ining i nva frames or correctal and non-tconcea t|z$d
Tifacent 1 - atREHEICRHLEA softet BEngRL indfhherSuipe t fecdidr e dhrRribiReL 21

. . . . ' . . ¢ £ h
Gigitize8 sarresryERabetebER SlR s e e R bREST el 1 0" r ames or
frames with uncorrectabl e and non-conceal able errors to elimnate any

"clicking" noise as described above. 38 25/ 07/ 2003 The fitter tracking

CITCUlt 545 COMPELES BolerSHints idventon dost nbl dxtradt 3 hdRShitted clock from the

modulated carrier signal to synchronize the receiver 300 with the transmitter

395. The receiver 300 has a clock that is independent of the transmitter clock.
15 The receiver clock is specified to be nominally identical with the transmitter

clock, but because of tolerancing and phasing differences between the two

clocks, the received modulated carrier signal is not always received correctly

——
e

and causes errors.

20 To minimize the errors, the receiver recovers the modulated carrier signal
to extract the transmit frame of the digitized samples of the analog signal by
oversampling the modulated carrier signal. Oversampling is sensing the logic

level at a rate that is a relatively large multiple of the frequency of the carrier
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with sanpling timing of the receiver 505 to identify any mnisali gnne@db/07/2003
bet ween s he bl ock transm ssion timng signal and the sanpling timng of the
récdei ver 505 that indicates the above-described overrun or underrun of the
digitized sanples s with a frame. The block transm ssion timng indicates a
boundary between groups of adjacent franmes of the digitized sanples of the

anal og si gnal. h Al zation circui.t 540 pr.ovi des an dj ust.nent of
the sampl I ncrignal YO E PRl ufryie s PRl LTty el e 2
synchroni zati,on circuit 505 further retrieves a frame of the digitized
sanpl es and GTPEIR'GT AP0 ghe [5’851 IRvg! edtenag OBHB%WBW%?VGEU\B&‘P%C% e gi ti zed
sanples with the frane to provide the correct nunber of digitized sanples
of the anal dgodyigied cagiernignal estartingevaluatinn ppinis asbitierly assymed2sd sanpl es
of the analog signal is then transferred fromthe receive data buffer 520
t hrough t he eaghesugeesriveevalitgtion ocounsrad thefreguancy of theemdditlatedinariien er t ace
550. In the preferred enbodi nent, the data out interface is the 12S

i nterface thsignalsaftentherarbitrarilyeasaumeti @vahliagionh abinhuthe evalaatedidata 3n. The data
out intertace 550 transfers the digitized sanples of the analog signals to

t he di git al -domparad edgthcloe expdctadstiing preamBIéds . If 4 hdsraétgh badurs datvddadtthe
converters 370 and 375 reproduce the anal og signal out 380 for the left zo

channel L angldliteddataoghatheeipedied timily preamble thid SHaktirgsangkioRporites dat a
out interface also provides the frame of digitized sanples in a digital

format 390 fafjudted BRE@thEREPESSIANEEY THisYIrOEEssGs Fepdiatdd/unt the tikigO?/ 2003
One inplenentation of the preferred enbodi nent of the receiving system 300

}@as a portaagﬁlbree-sg%@ov%v&ﬁamftr% rdte RO atkl *ﬁ,‘%gﬂ%ﬁ %g'n ongit gnal s.

this application) the recelving system nust be in use.
The power  management circuit 565 will sense when no franes of digitized
sanpl es 8t the anal og signal are received for a relatively tong period. The

From t L‘?”g%ﬁZ?CF n'éfhéﬁﬁﬁa‘e?ﬁ%i%%ﬁw%i%pEdeéntgﬁ_e? %éﬁféstfvg W dning e F‘S? "535
vo g2 BB B N D, S el B e
E;Zﬂ ii‘?psijglﬁfsﬁé&%ﬁ"qc’ﬁtif’%ﬁ?%ﬁs* Pl iR ot B S b et E e chﬁvEry
ci rou t- 560 Teoaflnch ed LB g, dFRR T Saf SloPet s RN gyt em
4. 40 of Fs' g'isdaécf?a‘rr]é/d ﬂ\/glflce el lgr%ulgﬁt ttohaenlﬂl?fé%lel\.” 13 91ecs|tgr(f lﬁag signal is recovered

from the received modulated carrier signal, the transmit frame is then recovered

from the received modulated carrier signal.

Refer to Fig. 11 for a more complete overview of the selection of the
20 evaluation point to determine the locking of the timing of the receiver 300 with
the received modulated carrier signal 750. The recovery clock 755 has a
frequency or rate of sampling that is, for the preferred embodiment, a factor of

six times the frequency of the carrier signal 760. The timing clock 755 sets the
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1s circuit 560 and the transmtting clock circuit 440 are the tolera c%!%%?

phase differences of the two circuits and is tracked and corrected in the
fifter tracking circuit 545 and the synchronization circuit 540. The
command and control byte 830 and 840 of Fig. 8 contains conmand zo and
control data that is accessible in the receive buffer 520 of Fig. 5. The
command and control circuit 555 has an external connection (not shown) to
an i nt er f aceSamppling time af theimedylateg camies sighahedly Hieresayrredidata 765
accesses the command and control circuit bytes in the receive buffer, then
decodes t he the logizde®t obihesnodulated carrisssignati7 5hat thesemplingtitme clitiee t r ansfer s
appropriate command and control signals to the external circuitry. In the
preferred entimiligeock 785 /A desanibled abone,dhe first Iogiclesarafier ahripposiss Bgic
provi de volunme control to a renote speaker or for text transmission to a

panel di spl ajeveb(Idgic leveki ivthidyase etapisithé e6urit o e&tabihithe Ebittagf t he
functions of the transmtting system 395 of Fig. 4 and the receiving system

300 of Fig. avaQstich Bsint 7500 MY QicRds@ive BRAINAR FOIRE WilkBe Wt IHY ratdoRBPUL er

system such as a mcroprocessor) a digital signal processor, or a

m crocont 1 Ol Lgkier SBHAI764 ih tnis Babl BFery LhaBLbut@nbQbr fheiiing Wtk Fgke et hod
for transmtting dirgitized sanples o n anal og signal, recé& ving the
digitized sanples of the anal og signal and reproducing the anal og signal.
The nethod of transmitting begins receiving 1100 of the digitized sanples
~s of the analog signal. The digitized sa s, have the fa t..as descri bed
for the internatioffa Ppéf%{ﬁ&%%"é tsﬁfﬂé%d%ﬁ?eg% mn‘@/fgﬂ“ﬁm}ﬁpfrﬂ%t"ﬁ*ﬂgse

Qi tized sanpl e hat , are | | ected a a i rate ot her than the
?djed rate o?'OPlﬁi%& Fﬁ@Bﬁf‘?%ﬁf?‘?‘F{J@ta B@'@%@éﬁgglhfﬁ%wa%f’{;r i P sanpl es
collected at the fixed rate. In the preferred enbodinent the fixed rate is
48kHz and°i nSigRal aNd #iibetie kerpEwi Wikhihe-intephef thisientighe is 44. 1 kHz.
Alternative to receiving 1100 the digitized sanples froma digital source
such as a CD, MP3, DAT, DVD, etc., is receiving 1110 the anal og signal and
41  25/07/2003 ._1. . Y perform ng an anal og-to-digital conversion 1120 at
the fixed rate tolRfspwredtransaitframe isg¢hgagpmedulgiedindheregeiprsiogial . The
anal og signal may have nultiple channels. For instance, the anal og signal
of stereo auBkitadiihe @wnan-retwarenocdad date ofithadiotived semplentamdhapdise | s
separately converted 1120 from anal og-todigital to forma left channel set
of di gi ti zedpesitign eeddigted-cadegpfithe tranpmit fregte. of di gi ti zed sanpl es. The
digitized sanples of the analog signal are stored 1125 in a buffer and
organi zedsinto the interleaved structure of Fig. 8. As described in Fig. 8,
the | east significant bytes of the even desi%nated digitized sanples are

pl aced in a firstTRapempogtion medviated coderpithe drgasmiifigme isoarenygitess of t he
| eft channel set of digitized sanples are alternated with the right channel
set of digitagexplginpglireEigw tthithe avenenreiurrsenposiad datehef thestigitizeshi fi cant
byt.es of the alternated |l eft channel and right channel set of even
desi gnat ed dsgnples ¢alresavgri tbe transmitifeareel i n t he ~s second segnent of the
buffer. The |l east significant bytes of the alternated | eft channel and

ri ght channel set of the odd designated digitized sanples are placed in a
third segnent of the buffer. The nost significant bytes of the alternated

left changel and Thegihteriebed algitedt sienmesotibeiparigasigellgiahbizes ESQ| es are
placed in a fourth segnent of the buffer. This structure interleaves the zo

digitized sapgiedsarsWdh dHedkedHRESM oSABTMBRe AR SGR2EREAMDIR thadhee t he
probability of an error condition totally disrupting groups of digitized

Sarm: e azg béish Sdrfied dliHg PS&R3HisSRA 6 coreEeat ed or conceal ed. To all ow
paralle
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25/ 07/ 2003 processing of the 'digitized sanples, the buffer has nul 2p/9% 2003
segnents to retain multiple frames of the interleaved groups of digitized
sanpl es. An error correction code is generated 1130 for the group of
digitized s sanples and appended to the groups of digitized sanples within
the buffer. In the pr eferred enbodi nent of this invention, the ECC code is
generated 1130 for the second segnent of the buffer or the nost significant

bytes of the evehhelE&(GRMkENsnATesiomempPioys Repd-Saemen Eseg femectan t he
buffer or the nost significant bytes of the odd designated sanples. _WThe

ECC gener at methads3batane welbkrowReiadhdSalt o irpthe peefieréd emboodimeirtyd rsgmbbls255
bytes have a Galois Field G- (28) where 238 of the nost significant bytes

of the di gi br bpés saepbrectable ineacis oherrou sl 238host!significant betesfaodat a to
be protected. The ECC code is 16 bytes and provides correction up to 8

bytes wi t hi Bn§a20erdey. \Wpids ohd ebmhianaRandfcohiié! A UIPRe Plethdd &y | eaved
digitized sanples are formatted 1135 to formthe transfnit franme. The

”ansmtsfr%H@orﬁﬁlisﬁftﬁ@cﬁeﬁ%ﬁ?aénqSM‘EerbfliFggegiﬁs SRoREiRPe N Fig. 6 @

first timng preanble and a first start I gnal are appended before the

even desi 9ngyﬁa’romegii@aiesmq@%g&si-rgtﬁeograa@s f thadt ﬁ%ﬁ@@y@ﬁ% timng

preanbl e and”a second star signal® are appen the "od

designated di.gi tized les to form.a_s nd fr apd to conplete a
frans a5 838 bof SissBlahe RostAiibanrERES sat A BEaBEeith on hodul aces
1145 a carrier, signal.. The | se positjo dul ation 1145 converts the ra
non-return IIB@rl%‘;"gpéﬁ@Bﬁthﬁgﬁ&PmF'ﬁgs Hivﬁ“?‘ipg’gfg‘@bﬁﬁl”& Iq@%?rr%o?ﬁ/ﬂnggl. posi ti o\r,1v
coding as shown in Fig. s 7, In the preferred enbodi nent, the carrier
Egnar has dPetnimmaes bmathod Bhen sowids 107iE 15 8rats BHMIRATH IPFohul se | s

determ ned by the value of pairs of bits of the transmt frane.
10  polynomial and the Forney algorithm is used to compute the error magnitudes to

reconstruct the correct data. If there are more errors than are correctable by the
Reed-Solomon Error Correction Method, in the case of the preferred
embodiment 8 bytes, those non-correctable groups of the most significant bytes
810 and 820 are identified for further processing to conceal those errors.
15
The digitized samples of analog signals that are identified as having
uncorrectable errors and their adjacent correct digitized samples are then
{ _? combined to interpolate an estimate of the magnitude of the sample of the
analog signal. It is well known that generally adjacent samples do not vary
20 greatly in magnitude and that interpolating between adjacent samples will
conceal any non-recoverable errors. In audio applications, the perception of the
sound will not be affected, even though there may be some high frequency

distortion.
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The nodul ated carrier signal then activates a driver circuit to trﬁﬂls%/tzow
1150 the nodul ated carrier signal on a comunication nedium As described
abeve, 'the comuni cation nedium may be wired or wireless, transmtting
either light or RF energy. The wired conmuni cation nmedi um may be fi ber
optic cable, coaxial cable, or coomon two wire twisted pair cable. ~s The
burst transmtter 1150 is transmtting the entire nodul ated carrier signal
for a relatively short period when conpared with the period of the anal og
signal included in the frame of the digitized sanples. In the preferred

enmbodi ment, 238 tfany femned oftthe digitfzed chaiphs ofan@Iahéle?rsmhts ev@nnel are

i ncluded in each franme. Since the sanples of the |eft channel and the

sanpl es of mﬁorrbetlabueréwmﬁtﬂi-c@fcearébréaérﬂqsSdamfrémageﬂ%xfecé&@d sanpl es of the
anal og signal or 2.479 mlliseconds of the analog signal are transmitted.

Wth the fr%&ﬁﬂﬁtﬁd%rﬁé?%@ﬁf él'eedecf’elr ﬁ{vahé't%s@fr%és a?@ﬁéﬁ rfnh%{ﬁgoz 0.5 % of

transmtted in 1.972 mlliseconds. e ransm ssion Is then i

the time, T révécﬂt ny‘"agﬁsaf‘?gm%meecgﬁer‘% r rszﬁlhgyoﬁ rﬁ]e I8 s §oi se in the

transmssio roves i sfrission is
received 11 Lf the fr t he rri.er. si naI ses. or the
perfod of t RIS tﬁﬁveaqr*ﬁ"'ﬁ {zafae%. 5 | dagd Eates © ﬁaﬁpwwm will
i ncrease accoy di ed carrier i s received 55 by
sensi ng and SUASENT I %% freMes it neueicacprrsctable BRI ad ROTENGHAAS r e
enmbodi nent, the nodul at ed carrier Si gnal is transmtted 1150 as infrared

i ght creat &irasy oRthat aea invglichieaveight the amalifuder ot iae adiepyMragmastteisiMYi ode to
radiate the infrared light to the atnosphere. ~o A light sensitive diode
rledei ves 115%®crense;the prptudeigie andles sions! orenylhyaldged |ight to el ectrical
[ rrpul ses that are sensed and anplified: The received nmodul ated carrier
signal i® recovered by oversanpling the received nodul ated carrier signal
to determine a position to | ock onto to capture the nodul ated carrier
signal . The tim fgrpeeanting is achiewadhly programminthe detayteoull soksequest tion to
~s correctly retrieve the timng preanble, the start flag signal sensed,
and the frarndigitized smamples opthecinalog sighalay diedixtgndedeillingmiities setrsequenbver ed.
The recovered nodul ated groups of the interleaved digitized sanples are
denodul at ed diditged samples wétheranalomsignals avaid repetitive iptecietknng fodfm sheh
digitized sanples. The franmes of the digitized sanples are stored 1170 in a
buf fer as descridasead inhiareidgem@te qirdrobpior teJpyimion vidae tane esowfers, ladeven
designated digitized 45 25/ 07/ 2003 . .w sanples and the nost significant
byt es of 15t heaugittisytengnabe infuired remaeld contrplsesendralburstofrdate it can last ECC
codewords have an ECC check and correction 1175 petfori~ned to find and
repair any drann0s? 1 bOtskeeonfisgi ti zed sanples within a frane.

4 Each frame of the digitized samples of the analog signal must maintain a
constant number of digitized samples. Even with the method of oversampling as
20 described above, the differences between the clock of the transmitter 395 and
the receiver 300 causes there to be an "overrun" (more digitized samples
received in a frame) or "underrun" (fewer digitized samples received in a frame)

of the digitized samples received in a transmit frame. An overrun causes more
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The ECC check and correction 11T5 is the known Reed- Sol onon net hod 2#40%/2003
descri qu above. Any of the groups of nost significant bytes of the even
designated or odd designated digitized sanples that cannot be corrected are -
identified to be recovered 1185 by concealing the error. The groups are
tested 1180 for having ~o errors. If there are errors, the digitized
sanples with errors and the adjacent digitized sanples that are error-free
are exani nedigifizedsampies tadedn aftranismitdrane whilelas angéreun cawsesdewes gener at ed
by linearly interpolating between the adjacent digitized sanples that are
error-free. digitizédesaoplestotbedecsived noy rarshitifrgimei ¢ recsipéretsacksehdé hen st ored
1190 in the buffer in the | ocation containing errors. Any unrecoverabl e

errors are jisdrinhis8igrintint BefineeAulé fiBqudnty of i EsTier sighd fHdahki zed sanpl es
are checked 1195 for 1 nvalid data, unrecoverable errors 1200, and for

synchr oni zaﬁbgﬁbﬁ&l& tRE Hakmvexne tals ]Qef%ﬁﬂérﬁl} bfathe Fran@R 3 A5k gftiserter to

reproduce 1225 thé anal og signal. the frames of the digitized sanpl es

are | nvabl dsdBlesMavity &Y & BlbRur é00nadriln, IWWHBh bl RErtiRPRMENGD) © f1anes

and adj acent correct anmes o gitized data are soft / 07/ 2003

r~ nmuted 12 1 ' : [ i 1. ' lid or
unr ecover abPe P PRV SobiaRakt 6P ol BY b TN TR B IR,
franes to ight the adj.acent correct.frames.to. slpowy bring to null the
repr oducedmﬁonglsﬂrf@Fé:ﬁa#t.an%ﬂ'gbeéqu gitize S%?P'%%W(ﬁ/ﬁﬂ'ﬁgeffect that occurs if
only the invalid or unrecoverable frame is nuted in an audi o application.
During the recovery 1155 and denodul ati on 1160 of the nodul ated carrier
si.gnal, the difference between the, frequen of the evaluation point of the
dvdr sanpl i ng cl obRe JAmes ok e-Algliend serles of the snlawsionelsdie seRsikaed,
synchroni zation. The fitter tracking 1210 is tested 1215 to ensure there is
no overrgn 8P0 Mhaeexignal cireyitsy faffudiergrogessicer areformadted tpdheyn overrun or
underrun, the frames of digital data are decimated or interpolated to
synchr oni ze2ppregriateordeniotheteansieimy osthpdigiat-ta-aegloa cenvasiare B78@NE225 t o
reproduce the anal og signals. The decimated or interpolated digitized

sanpl es i ns@r8. Thase digitizad semales aof ke epalpgsignal 8T ef bk lefit ghannadd. arenpl es i n
each frane. Wiile this invention has been particularly shown and descri bed
wi t h ref er etrapsfered e ther digitalte-dnalogadnvenes3Tthibatinfturn teprdducebdéhender st ood
by those skilled in the art that various changes in formand details may be
made W t hougnaiogdégral 880 fprthelefttdnanpgi ki Thasridigiizpd semptascofithe eight on. 47

15 channel R are transferred to the digital-to-analog converter 375 that in turn

reproduces the analog signal 385 for the right channel R.

s,

Refer now to Fig. 4 for a discussion of the transmitter system 395 of this

invention. The analog source 305, as described above, provides the left
20 channel L and right channel R analog signals. The analog-to-digital converters
315 and 320 respectively sample the left channel L and right channel R analog

signals and generate the digitized sample of the analog signals. Additionally, as
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25/ O7/ 2003 CLAIMS 1. A transm ssion systemfor transmitting digiti28£07/2003
sanpl es of anal og signals on a comunication nmedi um conprising: a sanpled
data receiver to receive said digitized sanples fromthe external source of
the digitized sanples; a data buffer to retain a plurality of the digitized
sanples; a data buffer controller connected to the data buffer to control
the placenent and renoval of the plurality of digitized sanples wthin the
dat a buf f er ;deseribed aboveotheedipitalisoumes31@eprovidepdigitizad samplest af théranalaga
buffer controller to receive nultiple digitized sanples through said data
buffer contrgignatr fromsaid data buffer, to generate an error correction
word to be appended to said nmultiple digitized sanples, and to return the
multiple digitized sanples with the appended error correction word through
the data buffer controller to the data buffer; a frame formatter connected

to the data buffgg,eg(g@gfé& éﬁ’f‘?“ﬁ%f}%eéﬁ%r%ﬂgwg ﬁbh%&ﬁ?gg%ﬁ QH@rc@f319h:nd

multiple digitiz es w the appe error co ctron wor

append a pre Myl i r Io: I f e I | eaved
o bup of ¥ netanyerelsrBdld o SRy 0eh HE e ihd PR S Mo RdirelhE,
el s wi t FiBHE L aREat B st S PP sl reteRed WVEYE: gi {1 zed
sanples are |less likely tq be corrupted during the transmtting; a pul se
position nDQQIQ'éQIGPUECSr(%@cgéd 'E"gz {Dﬁ% ?%M%ﬁofigrﬁﬁtzé‘?r '?'gT ABEANIS IS4 r ansmi t
frame and nodul ate according . to a bit value of the transmt franme a pul se
posi tion wi tiisfos DSE)y iToe digitizrd sarapias 8f theranalag sigras efetrapgared tetheet ween
t he pul se posi _taié,%n rrngq‘d_ul atérw%r'gj) theg_cp:é)m'runi_é%t\iésoé) medi uma{q%d%oa%ey a
ul at ed cavari sghap ra CRgVerrANS3 19 GATYRTIRS O@HE$ um

iereby said nodul ated carrier signal is transnmitted as a burst within a
short time pheidigitized saninles okthpramelas signgls & dipitized samplescofdhe easlag
comuni cation nedium s 2. The transm ssion system of claim1l whereby said
digitized sasiphals samplediayiatfixeddates ds theprsfersecosmicpdinnent, dloe Skephedte a4l ed at
one of a plurality of sanpling rates and the transm ssion system further
conpri ses a kHa.i Eilsetheadigiticed samplesdonUBrare madifieddoare @ sampuigdateaofpl ed dat a
receiver to convar'{t ':rgf ﬁlﬂglgtﬂl zed s?nplte;m;;ogt he tonelrye(ls"tegf_o;cuatplogral ihty of
sanpl i ng ~o 44t bztothdtg 2. fargileeaate imertt egntflo ired eate 08. The
transm ssion systemof claim1l wherein the digitized sanples of the anal og
si gnal s are 4dtkhe.si gnals digitized and encoded as non-return zero
digitized sanples of the analog signals. 15 4. The transm ssion system of
claim 1l wherein the communication nediumis selected fromthe comruni cation
medi a consisting of wired nedia and wireless nedia. zo 5. The transm ssion
system of cl ai m }A mbihodito atbemplisiuthistiedo sand therdigitigedisampldsrainiseranaled as
light. 49 25/ 07/ 2003 ~r 6. The transm ssion systemof claim1 wherein the
nodul at ed cadighats tosa gigithl-fosaridleg somvdred ta Feprod i the ofiginat AN ogi sigradl .

{ The reproduced analog signal is then an input to an analog-to-digital converter

that samples the reproduced analog signal at the fixed rate or 48 kHz for the
20 preferred embodiment. In the alternate embodiment, the fixed rate may be

another frequency such as 44.1kHz.
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7. The transm ssion systemof claim4 wherein the wire nedia conpri3%05/2003
coaxi al cable, fiber optic cable, and two wire audio cable. 8. The

t ransm ssion systemof claim1 wherein the transmi ssion subsystemis
further conprising at |east one analog-to-digital converter connected

bet ween the external source and the data buffer controller to receive the
~0 anal og signals and to generate the digitized sanples anal og signals. 9.
The transm ssi onTheggligitiresfsamplénofdhedanalogsignabars then trapefesreditars ther e
sanpled at a fixed sanpling rate. ~s 10. The transm ssion systemof claim?9
wher ei n t he ahalogetosdigitd!icogvertere 315 add 3Rblor thelvariGbie samapitg rate conveytet em of
claim9 wherein the fixed sanpling rate is 44.1 kHz. 20 12. The

transm ssi ognrdligh @e Banshhitdata buBeEaitidlbNe1Eio 1Bk tepsitddt® Bugsidpisgener at or
generates the error correction word, which is a forward error correction
code word generated using a Reed- Sol onon encoder circuit. 50 - 25/ 07/ 2003
-, 13. The transm ssion systemof claim 12 wherein the error correction

code word has 2 GRE3AGRRER B cofPBd 1B ToRREIINE LO0L @lariihe and 16

parity bytes. 5 e transm ssi on System o erel
interl eaved _gr.oup Qqf | ti.pl 1git] l.es conprises.a plurality
of 1east si GryerRatio BB e BB AEER A RERCRIIEG SR AN e
group of multiple digjtized sanples, a plurality of nost significapt of the
Qven’ desi gnsias o og kPedt s Bueee1S s's (ardom drrsan dnesgers (RAMD e
plurality of error correction parity bytes, a plurality of |east
si gni fi cant Prfeered @mhgdimenidthgdeangritdate HP@?"H'&?‘& asyatit BAM. aHpyveyesl i ty of

t significant bytes of the odd designated digitized sanples, a second
cr%;rrand byt etheimaernoretmictires suchl 83 gynemie RAM (Q&‘\W@r syrchpaneus DBHMMes. ~s
15. The transm ssion systemof claim1 wherein said carrier signal is
modul at ed wicah bg yagdder thedransaitetatabdfferati5andstidrkehip kegpingowitls theposi ti oned
nodul ation is positioning of a pulse of said carrier signal within a period
of said car rntent &fithisdhverdioor ding to a binary value of a plurality of 20
bits within said transmt franme. 16. The transm ssion system of claim 15
wherein said plurality of bits is a pair of bits within said transmt

frame. 51 25/ 07/ 2033
Refer now to Fig. 8 to discuss the structure of the transmit data buffer 415

and the assignments of the component bytes of the digitized samples of the

15 analog signals. The transmit data buffer 415 is segmented into groups of buffer
blocks. In the preferred embodiment, there are three buffer blocks, buffer 1 850,
buffer 2 870, and buffer 3 890. The digitized samples of the analog signals

- placed in each buffer, as described above, with 238 least significant bytes of the

even designated digitized samples 810 of the analog signals occupy the first

20 address segment 852 of the first buffer block 850. The 238 most significant
bytes of the even designated digitized samples 815, the command and control
byte 830, and the ECC code 840 occupy the second address segment 854 of the

first buffer block 850. The 238 least significant bytes of the odd designated
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17. The transmi ssion systemof claim1 wherein said burst transnitt&b5/07/2003
conprises an infrared light emtting diode and a diode switching circuit
carmect'ed between the pul se position nodulator and the infrared |ight
emtting diode to activate and deactivate said infrared light emtting
diode with the nodul ated carrier signal. 18. A nmethod for transmtting,
recei ving, and recovering digitized sanples of anal og signals conprising

t he steps ofdigitizeglsarnplgs 820 declipyi the et adurpdsessgment 856 ebtherflyst teffetti gi ti zed
sanpl es to separate adjacent digitized sanples decreasing a probability of
loss of fidejibdi/asy. Fivd fhodtsgriticait Bl ofl e ddl dubiRERtEaigiizEd SahPISS
generating an error correction code to provide a group of interleaved
dioitized saygslupl ine fobfil agagsx.s&gmeﬁp%f the first B GUCEE ]| Fhis! 200

sanpl es having errors create uring transmtting recel ving; arranging

an interl eay, e. l I Ot i i nded
arror corr ectiisHre SRables ¥ lebl B kbl 86 - AHH I el e B FRRET) o
be corrupted duri ng Itg{bett{ansmgvt.i ng; formng a transmt frame with the
plurality of® ?95‘8 Al Rt FFera QYERS PBFWS?@&‘ sanpl es, error correction
codes, a preanble timng signal, and a start signal; nodulating a carrier
signal with said transmt frane: transmtting as a burst the nodul at ed
carrier signal on a _conmunicatjion npedium whereby said burst is a short
period of 52  23%ydgitiopgbisames of the digiizad-samnlee atedikgwiserretained ithihei ng
represented by said digitized sanples within the transmt frame; receiving
t he nodul at duifieablockR &Ogem bufige 13890 the samawiganization@srdessribedgnal to
recover said transmt s frame; extracting the plurality of groups of

i@er | eaved fd bufferibleck 15856 Teés allenvs: operationsr(rensivingiromrhe extesndlr om t he
recovered transmt frame; checking and correcting the groups of interleaved
digitized saoprees;305farundt0ECChenctidiig, ianddraspsmitting) th decceompiisked bl e
errors, concealing any effect of said uncorrectable errors by interpolating
from adj acergaraltsir ect digitized sanples an estimate of a sanpl e val ue of
said digitized sanples with uncorrectable errors; soft nuting any of the
digitized sanples that have uncorrectabl e or non-conceal able errors; and ~s
transferring the digitized sanples to a digital-to-anal og converter to
restore the anal &achiofitred grod@s oflthestnegriifickrd bytesa815 dfdl 820r arbtheconpri si ng
the steps of: digitizing said analog signals, and 20 formatting the
digitized angnggarsd gndtoram| bytes830aindr830t arezead fremcthditrapsmit date bdifed t i zed
sanpl es of the anal og signal. 53 25/ 07/ 2003 r

15 415 transferred through the transmit data buffer controller to the Reed-Solomon
Error Correction Encoder 420. The ECC encoder 415 generates the symbol
code work with a Galois Field GF (28). Each symbol is a byte, as above

described, and the code allows 8 bytes to be corrected.

20 The ECC codes 840 and 845 are each appended respectively to the most
significant bytes 815 and 825 of the even and the odd designated digitized
samples 800 and 805 in the second address segment 854 and the fourth

address segment 858.
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20. The nethod of claim 18 wherein the comrunication nmediumis sel 9§}&f/2003
fromthe conmunication nedia consisting of wred nedia and w rel ess nedi a.
s«21. ThRe nethod of claim 18 wherein the nodul ated carrier signal is
transmtted as light. 22. The nethod of claim 18 wherein the nodul at ed
carrier signal is transmtted as a radio frequency signal. 23. The system
of claim20 wherein the wire nedia conprise coaxial cable, fiber optic
cable, and two wire audio cable. 24. The nethod of claim 18 further
conprising the steps of receiving the ~s anal og signal and converting said

anal og signal t o TeghterieavedaigRized samptes 228 retid®@d i @dcRbuffbablgt 8 wher eby
said digitized sanples have a sanpling rate selected froma plurality of

sampling I algso, 7B, ard'GodTBl et tobidfer ‘445 iVidGAIPFaNEGed e Step of

converting sald digitized sanples to gitized sanp aving a fixed rate

ampl ed 1 at brabngye Rfsmi AE T Soffpo s B BE tolPthStSiatRe B2kt Thi ) 2

wherein the fixed rate is 48 .5 29. T t hod of. clajm 26 erein the
e ratt. 1GAm8 ormigkr a8penip{he Hainaceresmbezn 5 Gaaumad 118 sier 45 or
correction code is_generated using a Reed-Sol onpbn error correction nethod.
,0 31. The n‘EQ’PﬁJﬂGgg apAd S3/osFigudprassemhie the subrames eleadhnt anseit fiawea dat a
bl ock size of 238 bytes and 1 control byte and 16 parity bytes. 32. The
met hod of cl€@hofitbe iinereavedigieup pbdigitized samples ®hthedanilog signets. ~s sanpl es
are conprised of a plurality of |east significant bytes of the even
designated digitized sanples of the group of nmultiple digitized sanples, a
plurality of nobst significant of the even designated digitized sanples, a
ff st command bytRdg. Sshdwssthegicgesd andredfievat pattero of thectransmip daiahuffegt es, a
prurality of |east significant bytes of the odd designated digitized zo
sanpl es, 1@ pd1& aflRigy4 overrtioed. Sheyfirst posupt of ljditizedodantpies frdoh the Engiog-ed
digitized sanples, a second comrand byte, and a second plurality of error
correction pdigitalycobyertes.3050r the Bigital £an& 31B3re Sthredintthe érshbutfeablocid 8
wherein nodul ating said carrier signal conprises the step of positioning a
pul se posi tigsteat theitdt sitnecsegnietit 9DY. Tae deporidsgropp f dightied samipleafroon i s
positioning of a pulse of said carrier signal within a period of said
carrier signak anabgrtdidigitdl coavdrierd0$ or stheldigithl soupdeud $0 ateystofedsinlthés wi t hin

said transmt frame. 34. The nethod of claim 33 wherein said plurality of
bits is a paddcopdl bbfférsbivtk &M dSahgltHe sHeeRY tinfer s¥iginent 905. During the
15 second time segment 905, the ECC encoder 420 accesses the first buffer block
850, generates the ECC codes 840 and 845, and stores the ECC codes 840 and
845 in the first buffer block 850. In the third time segment 910, a third group of
digitized samples is stored in the third buffer block 890, the ECC codes are
generated and stored in the second buffer block 870, and the first group of
2 digitized samples with the appended ECC codes are transferred to the frame
formatter 425 and on for transmission. During the fourth time segment 915, a

fourth group of digitized samples are placed in the first buffer block 850, the

group of digitized samples in the second buffer block 870 are sent on for
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35. The nethod of claim 18 where denodul ating the carrier signal c@ﬁﬂ??@%@3
t he steF of oversanpling said nodulated carrier signal to determ ne an

eval uatfon point of said nodulated carrier signal to recover said transmt
frame. ~s 36. The nmethod of claim 18 wherein extracting the plurality of
groups of interleaved digitized sanples and error correction codes
conprises the step of detecting the preanble timng signal and the start

signal to atigpdmistich, %nqucgrbdaEsthe Bfckip I&@@«t@r%l@é inffAE thikd ti pl e

digitized sanples of the analog signals wthin transmt frame. zo 37.
The method @jufret BioBk B80he Qﬁé?afeﬁ%n%”é‘?&’ea'b%kfdJﬂPlﬁtthlP&‘bé‘ﬂ?é}'BI geg;anni ng

w ndow to those of the mul ?lp l e digitized sanples of the analog signals
wi th non-recoverabl e and non-conceal able errors and those of the 56
25/ 07/ 2003 ,< nultiple digitized sanples of the analog signals that are

%ﬁ;{ 00 S?SEJ‘S‘ jﬂ? paferd §P§\|‘§ ﬁésbﬁgaﬁ%'stvg%%%b%éfgéﬁaebtifa?‘l% "o SL}E& nly
are s cor ccentinteSr alowig sersots 54,928 A orsRs Mgl ieRun Seshm o5 of
the anal og signals with non-recoverabl e and non-conceal able errors to all ow

a gent| e nutanggptonng tothp eaifferdypcks &h@s B7A@nd A8A. Abatranami data buffer

r.A@Q A@. A@ . A@-. Ar. AY{ A A A@9. A@QJ3_. A {% AQU. A@

L. A {% A L. Kontral@raan, mpﬁ/agprqpnahely apbltra'i@he\acoessgs And storing to ensure

. A3. AAY. AUFe. AU. A3. AQA@ . A, U . A A A UF. A AhY. Al. A A A .A{.A A A3y. A@. AY?
M -nD_Ww rtherfe\qreal]ocan]rﬁm}s;a] ca] ca] ca] c<a] ca] cal] ca] ca] ca] ca] ca] cal] ca]ca]c
E\;:a] ca] ca] ca] caU] caU] c(a] ca] ca] caU] ca] caU] ca ) x; =SU

T Jupke [ V] ca] ca] cal] ca] ca] cal] ca] ca] ca] ca] cal] ca] ca] ca] caU] ca] cal] ca] ca] ca
‘ca] cal] ca] ca] ca] caU] ca] caU]ca]calcaljca R dk b
10 From the frame formatter 425, the formatted transmit frame is transferred
to the pulse position modulator 430. The pulse position modulator 430 encodes
each pair of bits of the transmit frame as described above in Fig. 7. In the
preferred embodiment, the frequency of the carrier signal modulated by the
transmit frame is at least 2.0 MHz.
15

As described above, the period of time of the audio analog signal

represented by the transmit frame is 2.479 milliseconds and with the carrier

N

signal being 2 MHz, each transmit frame has a duration of 1.972 milliseconds.
As described above, the burst transmitter 435 is activated to transmit the

20 modulated carrier signal. In the preferred embodiment of this invention, the
burst transmitter 435 is a switching circuit that activates and deactivates a light
emitting diode 445 to send light to the atmosphere which acts as the

communication medium 345.
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f@éo%/d&.&( § ) é%é%ﬁab? %&W%}O}W &ec(ejv_e,r 50840 3r/e_ﬁgfyfr/ the (ﬂ;\qdulated carrier signal.
10% & ()-10% & ()-,nl0% & ()-mysl0% /& ()-yl 10% & ()-DdE! / 10% & () -*10% &
()-@$10% & [he f%%@?ﬁ&%‘)é%Wﬂé%Wﬂu‘agQ@ﬁg&! ien signtegd complgtes they
10%1& ()- 10// 10// 10//! ) o
| 710% / & () -reepEnyPR.the oxersampliog(of thg ardsiated capransigngito captuge the- 109 () -
109&' () -109%& ()-s10%& ()-)x }"?uS49' @O%& ()-910%& (ZN;!
1098 () -! s @aroupsef the digitirag samplemal the apalpg sigralssanahovesd@sc(ibed in Fig.
LS(FOA0% " & ()-Y ' 10%& ()- Y% 109& ()- S#M 10%&' () - Fy10%&' () - R _abcdkxnb@' ! S1
0%&' ()- 10 110.10wrdewedylizton s00gonvertstbos@uisp-position nigdukated digitized
dEmb@' ' 109&' ()-yl1l09& ()-y Z10%&' ()-yZ1l09%& ()-', 109 ()-, 109& ()-J;
{ng@' | @r1Grnplégs toothe yaw hpn-return to zero encoded data of the digitized samples as
109 () -!' L@L109&R () - Z@B10%&' () -yl09%&' ()-"vdEnb@®' 'f)10%&' ()- @310%& ()- '4
109%& () - W% abbyedleser@ N IO§4&7. () - , 9! 109&' () -f5789: dYNCO' ! 10 10
10L7t 109& () -y3109%& ()-1S109%& ()-s--10%& ()-y+109%& ()-: CN;, dEYNC9'!
&109%&' ()-10%&' ()- 3 109 ()-10%& ()-4L' 109k ()-S310%& ()-; [aBYNCO'!f#
109 ()-"!'10%& ()-1210%& ()-f1l0%& ()-F1l0% ()-!' @%0% | & ()-QA MAMEYNCO' !/
10%& ()--!10%& ()Fheidehtddiiidted digitized®afmplesshiow have the frame format of the
109%& ()-19%40% ()-W_@®' s: 109& ()- " '10%& ()-!yylo9& ()-

interleaved digitized samples of Fig. 8 and are transferred from the demodulator

510 through the receive data buffer controller 515 to the receive data buffer 520.
15
The receive data buffer 520 is structured as the transmit data buffer 415
of Fig. 4. The receive data buffer 620 is a random access memory, which, in the
preferred embodiment of this invention, is a static RAM. However, other memory
structures such as DRAM or synchronous DRAM can be used as the receive

20 data buffer 520 and still be in keeping with the intent of this invention.

The structure of the receive data buffer 520 is identical to that of the

transmit data buffer 415 as described in Fig. 8. The receive data buffer 520 has
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P+h+++1, ,, diid mtérié%&edhrglt%&s@)nplé@&ﬁhéé ? ignat.

L 109%&' () - MLOY& () -, -K-..9//aB~\=1" YIO%& ()-T% 109& ()-f#z 10%& ()-9109%& () -
F 109 ()-!,, %0% ()-//0\000000dYNC! 10 10

10" 7s10%&' () - 1109%&’ ()-y/ 10%& ()--S

10% () - @L0% (%?g%%g%ﬁ EX@‘E&QQ@REA evarPdsignat€d $8¥Eieb)ot the analog

109& () ! yS109&

DR A T %%%%o@o%@éf@sﬁm g 0%
g i il ke g
OO () 1B e b el R Sl 6% ﬁ%gfh%igegoga;% -5 w109
( ) 520 and transferred to the Reed-Solomon EEC decoder §25. The Reed-
10 Solomon EEC decoder 5§25 checks and corrects the most significant bytes of the
even and odd designated digitized samples 8156 and 825 using the Reed-
Solomon ECC method as described above. The corrected most significant bytes
of the even and odd designated digitized samples 815 and 825 are stored
through the receive data buffer controller 515 to the receive data buffer 520.
15 Those of the even and odd most significant bytes of the digitized samples having
uncorrectable errors (more than 8 bytes in error as described above) are
identified for further processing to conceal the effect of the errors on the

reproduced analog signal.

20 Those of the digitized samples identified as having uncorrectable errors
are retrieved with their adjacent correct digitized samples of the analog signals
from the receive data buffer 520 and transferred through the receive data buffer

controller 515 to the block recovery circuit 530. The block recovery circuit 530
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The interpolated estimate of a correct magnitude of the uncorrectable
( } digitized sample is transferred from the block recovery circuit 530 through the
10 receive data buffer controller 515 to be stored in the location of the

uncorrectable digitized samples with the receive data buffer 520.

Any of the digitized samples that have errors that are neither correctable
nor concealable are identified for soft muting.
15
Those buffer blocks segments containing invalid frames or uncorrectable
and non-concealable digitized samples are transferred to the soft muting circuit
- 535 with a number of adjacent frames of the digitized samples of the analog
signal. The soft muting circuit §35 applies a Hanning window to the frames of
20 the digitized samples to weight the frames adjacent to the invalid frames or
frames with uncorrectable and non-concealable errors to eliminate any "clicking”

noise as described above.

38



10 107109%& ()-19' "109%& ()-!9" "10%& ()- UMXXYYAZzZ[ 9{\: !f%

10%& () - SSH109&' ()-!f109& ()-!s 10%& ()-!, 49%A0%&' ()- S&LO%& () -
AZDZA[ TE8[9[: [E[F[~ @! yy10% ()-0"' 109& ()- 10 10 107109%& ()-!S/ @
1098 ()-- " -109& ()-sF[\\\8]]]a?~ @!! " 109& ()-! @10%& ()-S9109%& () -

“10% ()- 10% ()- @10%& ()-1]"O\*"__aB~_@

11 S( MLOY&! ()-3SL 10%. () -f FOZ109&' ()-! SH109%& ()- L!-10%& ()-

@ovg () - Theljit®t traokifipd\vstiit (545 coﬁﬂ:@%% 4 block trad€hission timing signal
107109%&! () "L-T10% () - F+- 109%& () - “CadEb@!!! @10%&' ()-

L@O%! () - L) damplingXPHiho o et b66ErE0S to AN Ay AREAGIRENDSERGE !

"109&' ()- @O%&' ()- SIO%R' ()-LI0%& ()- s 10% ()- é/w%& ()-Z b5bbbb>cbcaBb@
rer 22 109%&

Lovi ()9, 3 coPieielransimission timing sianal and ihe sampling fiming ofthe recelver 805 - o

1S 109% () ‘that indicates the above-described overrun or underrun of the digitized samples

25/07/2003

s with a frame. The block transmission timing indicates a boundary between
groups of adjacent frames of the digitized samples of the analog signal. The
synchronization circyit 540 provides any adjustment of the sampling timing within
the receiver 505 if necessary. The synchronization circuit 505 further retrieves a

C } frame of the digitized samples and interpolates or decimates any underrun or

1o overrun of digitized samples with the frame to provide the correct number of

digitized samples of the analog signal within the frame.

Each frame of the digitized samples of the analog lsignal is then
transferred from the receive data buffer 520 through the receive data buffer
15 controller 515 to the data out interface 5650. In the preferred embodiment, the
data out interface is the I°S interface that is known in the art for digital audio
transmission. The data out interface 5§50 transfers the digitized samples of the
. analog signals to the digital-to-analog converters 370 and 375. The digital-to-
analog converters 370 and 375 reproduce the analog signal out 380 for the left
20 channel L and the analog signal out 385 for the right channel R. The data out
interface also provides the frame of digitized samples in a digital format 390 for

further processing by external circuitry.
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management circuit 565 then removes the power supply voltage source from the
receiving system. When this happens, the soft muting circuit 535 is engaged to
prevent noise during the disabling of the power supply voltage source.

O

10 The receiving clocking circuit 560 provides the oversampling timing signal
to the receiver 505 to recover the modulated carrier signal and to lock the
receiving system 300 to ensure the recovery of the modulated carrier signal. As
described prior, the receiving clock circuit 560 is nominally identical to the clock
of the transmitting system 440 of Fig. 4. Any difference in the receiving clock

15 circuit 560 and the transmitting clock circuit 440 are the tolerance and phase
differences of the two circuits and is tracked and corrected in the jitter tracking

circuit 545 and the synchronization circuit 540.

The command and control byte 830 and 840 of Fig. 8 contains command
20 and control data that is accessible in the receive buffer 520 of Fig. 5. The
command and control circuit 555 has an external connection (not shown) to an
interface to external circuitry. The command and control circuit accesses the

command and control circuit bytes in the receive buffer, then decodes the
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5
As is known by one skilled in the art, many of the functions of the

transmitting system 395 of Fig. 4 and the receiving system 300 of Fig. 5 could be
incorporated as methods executed within a computer system such as a

(-— microprocessor, a digital signal processor, or a microcontroller. Refer now to

o

10 Figs. 11 and 12 for a review of the method for transmitting digitized samples of
an analog signal, receiving the digitized samples of the analog signal and

reproducing the analog signal.

The method of transmitting begins receiving 1100 of the digitized samples
15 of the analog signal. The digitized samples have the format as described for the
international standards that define the S/PDIF format. Those digitized samples
that are collected at a sampling rate other than the fixed rate of this invention
must be converted 1115 to digitized samples collected at the fixed rate. In the
preferred embodiment the fixed rate is 48kHz and in the alternate embodiment

20 the fixed rate is 44.1kHz.

Alternative to receiving 1100 the digitized samples from a digital source

such as a CD, MP3, DAT, DVD, etc., is receiving 1110 the analog signal and
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a right channel. Each channel is separately converted 1120 from analog-to-
s digital to form a left channel set of digitized samples and a right channel set of

digitized samples.

The digitized samples of the analog signal are stored 1125 in a buffer and

(~ ) organized into the interleaved structure of Fig. 8. As described in Fig. 8, the

10 least significant bytes of the even designated digitized samples are placed in a
first segment of the buffer. The least significant bytes of the left channel set of
digitized samples are alternated with the right channel set of digitized samples
within the first segment. The most significant bytes of the alternated left channel
and right channel set of even designated digitized samples are placed in the

15 second segment of the buffer. The least significant bytes of the alternated left
channel and right channel set of the odd designated digitized samples are
placed in a third segment of the buffer. The most significant bytes of the
alternated left channel and right channel of the odd designated digitized samples
are placed in a fourth segment of the buffer. This structure interleaves the

20 digitized samples such that adjacent samples are separated to reduce the
probability of an error condition totally disrupting groups of digitized samples and

the errors that occur can be corrected or concealed. To allow parallel
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5 samples and appended to the groups of digitized samples within the buffer. In
the pteferred embodiment of this invention, the ECC code is generated 1130 for
the second segment of the buffer or the most significant bytes of the even
designated samples and for the fourth segment of the buffer or the most

significant bytes of the odd designated samples.

| Y
L

10
The ECC generation 1130 employs a Reed-Solomon method on a
codeword of 255 bytes have a Galois Field GF (28) where 238 of the most
significant bytes of the digitized samples and one command and control byte are
the data to be protected. The ECC code is 16 bytes and provides correction up

15 to 8 bytes within the code word.

Each frame of the groups of interleaved digitized samples are formatted
1135 to form the transmit frame. The transmit frame is structured as shown in
Fig. 6. As described in Fig. 6, a first timing preamble and a first start flag signal
20 are appended before the even designated digitized samples to form a first
subframe. A second timing preamble and a second start flag signal are
appended before the odd designated digitized samples to form a second

subframe and to complete a frame.
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The pulse position modulation 1145 converts the raw non-return to zero

encoding of the digitized samples to the pulse position coding as shown in Fig.

s 7. Inthe preferred embodiment, the carrier signal has a frequency of at least 2
MHz. The positioning of the pulse is determined by the value of pairs of bits of

the transmit frame.

( ) The modulated carrier signal then activates a driver circuit to transmit
10 1150 the modulated carrier signal on a communication medium. As described
above, the communication medium may be wired or wireless, transmitting either
light or RF energy. The wired communication medium may be fiber optic cable,

coaxial cable, or common two wire twisted pair cable.

15 The burst transmitter 1150 is transmitting the entire modulated carrier
signal for a relatively short period when compared with the period of the analog
signal included in the frame of the digitized samples. In the preferred
embodiment, 238 samples of the left channel and the right channel are included
in each frame. Since the samples of the left channel and the samples of the

20 right channel are created simultaneously, 119 samples of the analog signal or
2.479 milliseconds of the analog signal are transmitted. With the frequency of
the carrier signal being 2 MHz, each frame is transmitted in 1.972 milliseconds.

The transmission is then idle 20.5 % of the time. This minimizes any effect of
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increase accordingly.

The modulated carrier signal is received 1155 by sensing and amplifying
the modulated carrier signal. In the preferred embodiment, the modulated
carrier signal is transmitted 1150 as infrared light created by activating and

( b deactivating a light emitting diode to radiate the infrared light to the atmosphere.
10 A light sensitive diode receives 1155 the infrared light, converts the infrared
light to electrical impulses that are sensed and amplified. The received
modulated carrier signal is recovered by oversampling the received modulated
carrier signal to determine a position to lock onto to capture the modulated
carrier signal. The timing preamble is tested to find the correct lock position to
15 correctly retrieve the timing preamble, the start flag signal sensed, and the frame

of the groups of interleaved digitized samples are recovered.

The recovered modulated groups of the interieaved digitized samples are
demodulated 1160 to recover raw non-return to zero encoding of the digitized

20 samples.

The frames of the digitized samples are stored 1170 in a buffer as

described in Fig. 8. The most significant bytes of the even designated digitized
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performed to find and repair any errors to the digitized samples within a frame.
The ECC check and correction 1175 is the known Reed-Solomon method as

s described above.

Any of the groups of most significant bytes of the even designated or odd
designated digitized samples that cannot be corrected are identified to be
( ) recovered 1185 by concealing the error. The groups are tested 1180 for having
10 errors. If there are errors, the digitized samples with errors and the adjacent
digitized samples that are error-free are examined and an estimate of the
digitized sample in error is generated by linearly interpolating between the

adjacent digitized samples that are error-free.

15 The corrected or recovered digitized samples are then stored 1190 in the
buffer in the location containing errors. Any unrecoverable errors are identified

for soft muting.

The frames of the digitized samples are checked 1195 for invalid data,
20 unrecoverable errors 1200, and for synchronization 1215 and conveyed to a
digital-to-analog converter to reproduce 1225 the analog signal. If the frames of
the digitized samples are invalid 1195 or unrecoverable 1200, the invalid or

unrecoverable frames and adjacent correct frames of the digitized data are soft
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muted 1205. Soft muting 1205 applies a Hanning window to the invalid or

unrecoverable frames of digitized samples and to the adjacent correct frames to

weight the adjacent correct frames to slowly bring to null the reproduced analog

signal. This eliminates an annoying effect that occurs if only the invalid or

s unrecoverable frame is muted in an audio application.

During the recovery 1155 and demodulation 1160 of the modulated
carrier signal, the difference between the frequency of the evaluation point of the
C ) oversampling clock and the carrier signal is tracked to determine

10 synchronization. The jitter tracking 1210 is tested 1215 to ensure there is no
overrun or underrun of the number of samples. If there is an overrun or
underrun, the frames of digital data are decimated or interpolated to synchronize
1220 the digitized samples before they are converted 1225 to reproduce the
analog signals. The decimated or interpolated digitized samples insure that

15 there are the correct number of digitized samples in each frame.

While this invention has been particularly shown and described with
- reference to the preferred embodiments thereof, it will be understood by those
skilled in the art that various changes in form and details may be made without

20 departing from the spirit and scope of the invention.
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communication medivm comprising:

a sampled data receiver to receive said digitized samples from the external source of

the digitized samples;

a data buffer to retain a plurality of the digitized samples;

a data buffer controller connected to the data buffer to control the placement and

removal of the plurality of digitized samples within the data buffer;

an error correction code generator connected to the data buffer controller to receive

() multiple digitized samples through said data buffer controller from said data buffer, to

generate an error correction word to be appended to said multiple digitized samples,
and to return the multiple digitized samples with the appended error correction word
through the data buffer controller to the data buffer;
a frame formatter connected to the data buffer controller to receive an interleaved
group of the multiple digitized samples with the appended error correction word and
append a preamble timing signal and a start signal before said interleaved group of the
multiple digitized samples to form a transmit frame, said frame formatter arranging
said interleaved group of the multiple digitized samples with the appended error
correction word such that said digitized samples are less likely to be corrupted during
the transmitting;

- a pulse position modulator connected to the frame formatter to receive the transmit
frame and modulate according to a bit value of the transmit frame a pulse position
within a carrier signal; and
a burst transmitter connected between the pulse position modulator and the

communication medium to convey a modulated carrier signal to
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5 2. The transmission system of claim 1 whereby said digitized samples are
digitized measurements of an analog signal sampled at one of a plurality
of sampling rates and the transmission system further comprises a
variable sampling rate converter connected to said sampled data receiver
( ) to convert the digitized samples at the one rate of a plurality of sampling

10 rates to digitized samples sampled at a fixed rate ,

3. The transmission system of claim 1 wherein the digitized samples of the
analog signals are audio signals digitized and encoded as non-return
zero digitized samples of the analog signals.

15

4, The transmission system of claim 1 wherein the communication medium is

selected from the communication media consisting of wired media and

L wireless media.

0 b5 The transmission system of claim 1 wherein the modulated carrier signal

is transmitted as light.
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7. The transmission system of claim 4 wherein the wire media comprise

5 ' coaxial cable, fiber optic cable, and two wire audio cable.

8. The transmission system of claim 1 wherein the transmission subsystem
is further comprising at least one analog-to-digital converter connected
(ﬁ) between the external source and the data buffer controller to receive the

10 analog signals and to generate the digitized samples analog signals.

9. The transmission system of claim 8 wherein the digitized samples are

sampled at a fixed sampling rate.

15 10.  The transmission system of claim 9 wherein the fixed sampling rate is 48

kHz.

11.  The transmission system of claim 9 wherein the fixed sampling rate is

44 1 kHz.
12. The transmission system of claim 1 wherein the error correction code

generator generates the error correction word, which is a forward error

correction code word generated using a Reed-Solomon encoder circuit.
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,10's' F10%. ()- 10 10 10810% ()-310% ()-110% ()-/310% ()-9W[9mbC ! s
"100& ()- !s "1098$& ()- , %0 ()-m fF10%& ()- SF10%& ()- 3! 100&' ()-W-_=
11s10% /& ()-' 10% & ()- 10 10 10f 810%& ()-f @10% ()-!s*! 109%& ()-8.dE~ = !!
Y10% & ()- L10% & ()-3 10% & ()-,10% & ()-10% & ()- 10% & ()- .ydaB~ =

1 109 & () 4TI S ok mAH S Gl DO 5 bharo SRR bk PEAE O

aB~_= 11, % &
109 & () -, " 10% & f)g hgg@%ﬁa‘%lgézl{ e %P%g‘bﬁgs 3nd one control byte and 16
parity bytes.

14.  The transmission system of claim 1 wherein the interleaved group of the
multiple digitized samples comprises a plurality of least significant bytes
of the even designated digitized samples of the group of multiple

O digitized samples, a plurality of most significant of the even designated

10 digitized samples, a first command byte, a first plurality of error correction
parity bytes, a plurality of least significant bytes of the odd designated
digitized samples, a plurality of most significant bytes of the odd
designated digitized samples, a second command byte, and a second
plurality of error correction parity bytes.

15

156.  The transmission system of claim 1 wherein said carrier signal is

modulated with a pulse positioned modulation whereby said pulse
positioned modulation is positioning of a pulse of said carrier signal within
a period of said carrier signal according to a binary value of a plurality of

20 bits within said transmit frame.

16. The transmission system of claim 15 wherein said plurality of bits is a pair

of bits within said transmit frame.
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17. The transmission system of claim 1 wherein said burst transmitter comprises an

25/07/2003

infrared light emitting diode and a diode switching circuit connected between the
pulse position modulator and the infrared light emitting diode to activate and

deactivate said infrared light emitting diode with the modulated carrier signal.

18. A method for transmitting, receiving, and recovering digitized samples of analog

signals comprising the steps of:
acquiring said digitized samples;

interleaving the digitized samples to separate adjacent digitized samples decreasing a
probability of loss of fidelity of said analog signal due to unrecoverable errors;
generating an error correction code to provide a group of interleaved digitized
samples with redundancy to recover the interleaved digitized samples having errors
created during transmitting and receiving;

arranging an interleaved group of the multiple digitized samples with the appended
error correction word such that said digitized samples are less likely to be corrupted
during the transmitting;

forming a transmit frame with the plurality of groups of interleaved digitized samples,
error correction codes, a preamble timing signal, and a start signal;

modulating a carrier signal with said transmit frame;

transmitting as a burst the modulated carrier signal on a communication medium,

whereby said burst is a short period of
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109& ()-9! 109&' ()-!, $10%} & ()-""Z###$A$aBg\: !! F4 109%& ()-, @-
109&' () - &3. 10%edeliving the modulated carrier signal;

demodulating said modulated carrier signal to recover said transmit

" 5 frame:
extracting the plurality of groups of interleaved digitized samples and
the error correction codes from the recovered transmit frame;
checking and correcting the groups of interleaved digitized samples;
G if any of the digitized samples have uncorrectable errors, concealing
10 any effect of said uncorrectable errors by interpolating from
adjacent correct digitized samples an estimate of a sample value of
said digitized samples with uncorrectable errors;
soft muting any of the digitized samples that have uncorrectable or
non-concealable errors; and
15 transferring the digitized samples to a digital-to-analog converter to

restore the analog signal.

19.  The method of claim 18 further comprising the steps of:
digitizing said analog signals, and
20 formatting the digitized analog signal as a non-return to zero encoding

of the digitized samples of the analog signal.
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\ 22. The method of claim 18 wherein the modulated carrier signal is
( s transmitted as a radio frequency signal.
10
23. The system of claim 20 wherein the wire media comprise coaxial cable,

fiber optic cable, and two wire audio cable.

24. The method of claim 18 further comprising the steps of receiving the

15 analog signal and converting said analog signal to digitized samples.

£ 25. The method of claim 18 whereby said digitized samples have a sampling

rate selected from a plurality of sampling rates.

20 26. The method of claim 25 further comprising the step of converting said

digitized samples to digitized samples having a fixed rate .
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27.  The method of claim 25 wherein the plurality of sampled rates of 32 kHz,

44.1 kHz, and 48 kHz.
28. The method of claim 26 wherein the fixed rate is 48 kHz.
29. The method of claim 26 wherein the fixed rate is 44.1 kHz.

30. The method of claim 18 wherein the error correction code is generated
() using a Reed-Solomon error correction method.
10

31.  The method of claim 30 wherein the error correction code has a data

block size of 238 bytes and 1 control byte and 16 parity bytes.

32. The method of claim 18 wherein the group of interleaved digitized

15 samples are comprised of a plurality of least significant bytes of the even
designated digitized samples of the group of multiple digitized samples, a
plurality of most significant of the even designated digitized samples, a
first command byte, a first plurality of error correction parity bytes, a
plurality of least significant bytes of the odd designated digitized

is) samples, a plurality of most significant bytes of the odd designated
digitized samples, a second command byte, and a second plurality of

error correction parity bytes.

55



10% U&' ()-Lnl0% U& ()- 10% U& ()- 310% U& ()-810% U& ()- ' 10% U&' ¥5/07/2003
Normal " "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"

"Headi 1g 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph Fontc9!'-280?E7LROX\ g sdi ovF| VFKVbP! O

@F! &+. 279>‘@DF|—LJLNPRTVXZ\’\ bdf hj | nprtvxz| ; 2; HW f xkpt WA, r hf &Q

I gFWO' y0#z/ : < )k W/ "$) ! +,/01345Y7: ~<K>@BGHI LI\/BOSUAZF a

ELE)C)CEQ‘ rlggl?) ﬂﬁ%ﬁ-@g‘g}f géj@f1‘é%é§ @d}gét%&ga%&rﬂe? %ﬁaﬁc%n%r ses"®
o AN AR

| " #$9& ()*+, -./0123456789:

<=5 @BCDEFGH J KPANISRESLTHSIBtPsY s prsitianipa &f giRLise FheaiskeaLTER vIRgR fythin

| #SOR () *+, - . /01

<=>? @\BCDEFGHI J @%Wf signal-agseeding N 2 RiNGRGYRIYFE Ph3 Riuyalty of

5 bits within said transmit frame.

34, The method of claim 33 wherein said plurality of bits is a pair of bits within

said transmit frame.

10 35. The method of claim 18 where demodulating the carrier signal comprises
the step of oversampling said modulated carrier signal to determine an

evaluation point of said modulated carrier signal to recover said transmit

frame.

15 36. The method of claim 18 wherein extracting the plurality of groups of
interieaved digitized samples and error correction codes comprises the
1 step of detecting the preamble timing signal and the start signal to
indicate a location of the interleaved group of the multiple digitized

samples of the analog signals within the transmit frame.
37. The method of claim 18 wherein the smoothing function applies a

Hanning window to those of the multiple digitized samples of the analog

signals with non-recoverable and non-concealable errors and those of the
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multiple digitized samples of the analog signals that are correct and
adjacent to those of the multiple digitized samples of the analog signals
with non-recoverable and non-concealable errors to smoothly decrease
those of the multiple digitized samples of the analog signals that are
correct and adjacent to those of the multiple digitized samples of the
analog signals with non-recoverable and non-concealable errors to allow

a gentle muting.
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