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A Met hod and Apparatus for Ensuring H gh Quality Audio

Pl ayback in a Wreless or Wred Digital Audio
waansazaoat i on Syst em Background of the | nvent POWIB2005/002783

[0001] This application clainms priority to US

Provi si onal Patent Application serial nunber

60/ 612,007, filed on Septenber 22, 2004, which is

herei n i ncorporated by reference. Rel ated Patent

Applications [0002] "An Apparatus and Method for

Adaptive Digital Locki ng and Soft Eval uation of Data

AHERHS Aol GO GBI Plyback
60/ifLa \Wireless m‘gWIae hhardio Communisatign System
to the same assignee as this |nvent|on Field of the

I nvention [0003] F@ Ayg@entiorrppar at us
and met hods for t:ga]én(z géﬁgﬁjgﬁ recept |non of digital

data conmmuni cation signals. Mre particularly, this

' ntion_elate othe

i e Ebre TR LRIILR B bRgond TpKFApplcation
Rel ated Art [0004] The tr Si €

di gi tsgriabaymbes 6P 18tQQ7e|f‘%OE%§$ﬂ?¢fB§ %ﬁrf%ffoo"én‘!@}"’h is herein
wireless or wired applications. However, transm ssion

of diigcdrpbratediby rdtraneand pl ayi ng t he audi o back

reliably at the receiver is nore difficult due to the
i sochronous nature of the audio

Related Patent Applications

[0002] "An Apparatus and Method for Adaptive Digital Locking and Soft
Evaluation of Data Symbols in a Wireless Digital Communication System,"
Provisional U. S. Patent Application Serial Number 60/612,008, Filing Date

September 22, 2004, assigned to the same assignee as this invention.

Field of the Invention

[0003] This invention relates to apparatus and methods for transmission and
reception of digital data communication signals. More particularly, this
invention relates to the synchronization of received digital data

communication signals.
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requi renents. A playback systemthat uses a standard
sigma delta audio digital to anal og converter has to

woriosta2918t he audi o cl ocks that denmand t he audpPoTpBi088002783

code nodul ati on sanples periodically to sustain a
snoot h pl ayback. For a wireless transmtter and a
recei ver that does not performclock recovery fromthe
transmitted signal, the transmtter's audio clock is
different fromthe receiver's audio clock and thus the
rate of production of the digital data versus the

D@&%mﬂﬂn gfiRglatedeArd; gital data becones a problem The

transmtter's clock may be oversupplying the digital
ta at a_faster rate than the receiver can .cons
QR o o £ Irearh @ aalit receRuR PhAiel a S TRy
may be undersupplying the digital data at a sl ower
r at e uagempligatesifar Masy winelesscyavived applicatignsalHaygver,
synbol s. [0005] An exanple of a digital data
commimansatissions of difitahaudioalata aat gdsying thexnadiodiapktreliably at the
audi o headphone, as shown in Fig. 1. The transmtter

10 ag&isivasis therid difflouitfiead 8le MEhPosd B R4 tSiIre Mtr@b@n@
then formatted with synchronization, control,

erro i%&lfl%}ﬁéﬁts Wﬁp%y%ﬂ?%{,&@ {h%gﬁggs %taétana*%% g%%sdefl‘ta audio

tran Si gnal pos

" adi S15h G PRACR oRetst s & M BT o itk ey demand the

di ode (LED) 15. The light si gnal 20 I's broadcast to
t he Regdifppidaesogs mauidatien gphpirsspenipdieally tg sustain a smooth

phot odet ect or 40. The phot odetector 40 are generally

pl ac pthybackhd ava wireless érmnemittdrearitba dpteinersthabdoes not perform

receive the light signal 20. The detected el ectrical

si gngleekabcbharyirsh ane trarsPittetOsighal, the transmitter’s audio clock is
different from the receiver’'s audio clock and thus the rate of production of the
digital data versus the consumption of the digital data becomes a problem.
The transmitter’s clock may be oversupplying the digital data at a faster rate
than the receiver can consume the digital or alternately, the transmitter’'s

clock may be undersupplying the digital data at a slower rate and thus

starving the receiver of digital data symbols.

[0005] An example of a digital data communications system is a wireless
infrared digital audio headphone, as shown in Fig. 1. The transmitter 10
acquires digitally encoded audio signals, which are then formatted with
synchronization, control, and error signals. The formatted encoded data

modulates a transmit signal employing a pulse positioned modulation. The



transferred to the receiver 30, which denodul ates and

reformats the encoded audio signals for transfer to
woheoegpzaker s 35a and 35b. The speakers 35a an#CBak2085/e)2783

placed in close proximty to the ears of the person 45

weari ng the headphones 25. [0006] Wreless

transm ssion of digital data is often acconplished by

sending serially formatted franes of the digital data.

In systems such as those enumarat ed by the Infrared

Eg;anAS tsltgg{]e]l ?ﬁql!]éecf;a g&%l ihg r%&%uorhega){iéhf %lgnél from the light

frame as shc_)vvn in section 5.4.2 has _a Preanble Field

( PA) eméiting dicdend-ER1% (Tha)ightsipaeb2isdpr@adpast todhe hgadphones

Stop Flag Field (STO. The receiver uses the Preanble

Fi el @85t d heyhezdphwines 25eavd @ photogletscioed® ofT hehghotodetector 40 are

receiver to the in com ng nessage. Generally, a phase

| ockgbanallp plddddadivthe Sutes SRick ©f S ABaaPhared DS to receive the light
rece| ver to the Preanble Field. [0007] Once the

5 eag’ghﬁl 50, e&ﬂe'o%t@'&b@%l@&n egléﬁ?ﬁ? Bﬁg%t ﬁc%to{i%tecgzr 40 are

synchroni zed, the recelver

Flag Fledt t abl Q ch i zati.on

St a rahsisyertohe Fecdet S iten BEREALATEE amaﬁf%a@t%ﬂwe encoded
t0|nterpret the data synbols of the Data Fie and

wi | | audintsignals for hrmﬁebmetap@abgﬁ%%ajﬁ%@bunThe sperkers 35a
Stop Flag Field is received. An illustration of an

i deabnd 88btarardacasinoclosd poixinity tethedears ofdhs iperson 45 wearing
Fig. 2. During the tine period t-i, a first frame ADO

of sy &dpHorke2gli gital data are created by the
sanmpling of an audi o anal og signal and converting

10 [0006] Wireless transmission of digital data is often accomplished by sending
serially formatted frames of the digital data. In systems such as those
enumerated by the Infrared Data Association’s IrDA “Serial Infrared Physical
Layer Specification,” Version 1.4 May, 2001, the frame as shown in section
5.4.2 has a Preamble Field (PA), Start Flag Field (FA), a Data Field (DD),

15 and a Stop Flag Field (STO). The receiver uses the Preamble Field to
synchronize the clocking system of the receiver to the in coming message.
Generally, a phase lock loop oscillator is used to synchronize the receiver to

the Preamble Field.

[0007] Once the Preamble Field is detected and the receiver is synchronized,
20 the receiver begins to detect the Start Flag Field to establish symbol
synchronization. If the Start Flag Field is correct, the receiver then begins to

3
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sanples to a digital coding representing the magnitude
of the anal og signal. The synbols of the frane are

wonberlBzased and encoded with an error correct POIVIRIN®002783

ECCEO during the tine period t2. At this same tinme t2,
a second frame AD1 is sanpled and converted to synbols
of the digital data. During the tine period t3, the
frane of the interleaved and encoded data is used to
nodul ate a transm ssion signal RF TO which is

br oadcast omthe transmfte by th D 15 .

thr o RS RIS Bt IecDathor it AL wibChupdto interpret the
headphones 25. ldeally this happens instantaneously

duri €gta ﬁ)@ﬂbpwrtté.theré@n Elegi eld isdeeried. ¢ he

transmtted signal and restores the franes of the

synbol s of received data RF RO At this sanme tine the

6aagind f r #reillotratidreof an iduatizée randmissibreof digititedideta is shown in

the error correction codes ECCE1 and the third

S anppd(.)gﬂ ?ztﬁﬁtaphé tRORNR! b&sbd B, bgﬁsﬁr&hégi%% & gym'B'éié' &he digital

t he € recel ved data

dei nterl eaved and, has error. cotrecti,on and detectign .
ol (ot B Firatid ol e SdBling 8F B8 AUiD 28R Ge S0 Bl 'an bonverting
synbols of the original digital data ECCDO. At this )
sane senpes e digied crdingdaPeasentng dor magnifkde of thiyyapalog signal.
ECCEL1 nodul ates the transm ssion signal RF T1l, which

i st r dirensynbleals of tree frasnesarnetintlleavegd ahdRcbtled svith an error

recei ved and the franes RF Rl recovered.

Si mulchaReass b¥de ETTED idusinh tAEBMebeiodBL! At iLsame time 12, a

i nterl eaved and encoded fof error correction and

e SPRERS A BTSRRI S s e il et

frames of synbols ADO of a second grouping of franes. )
The RWinestherting pptied tofthe f@ndg phihednterleaved and encoded data is

used to modulate a transmission signal RF T0, which is broadcast from the
transmitter 10 by the LED 15 through the atmosphere to the photodiode 40 of
the headphones 25. Ideally this happens instantaneously during the time 1s.
The receiver recovers the transmitted signal and restores the frames of the
symbols of received data RF RO. At this same time the second frame of data
is interleaved and encoded with the error correction codes ECCE1 and the
third sampling AD2 is converted to the digital data. During the fourth time 14
the received data RF RO is deinterleaved and has error correction and
detection applied to the received to recover the frames of symbols of the
original digital data ECCDO. At this same time, the interleaved and encoded

frame of data ECCE1 modulates the transmission signal RF T1, which is

4
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data ECCDO are converted to an anal og signal ADO for
application to the speakers 35a and 35b, during the

wOoinws/B%78 As can be seen the process of acquir PaGIB1ve5/002783

digital data by sanpling the anal og signal;

i nterl eaving and encoding the digital data wth error
correction codes; nodulating and transmtting the
digital data; receiving and recovering the digital
data; deinterleaving the digital data and detecting

and correcting_gny errors Wthig_the diqgital data; .and
convgﬁapﬁmjﬁ?‘ﬂe-rg? ériatng[mt&e(ﬂ 3'9P6‘| gﬁ ﬁﬁﬁ rggeyﬁar?aﬂdt ’(%grframes RF R1
transm ssion to the speakers 35a_and 35b continues
sequéesavgrey. Sinukiaraousiy, the thirdigamesidgymbmls are interjgaved and
The "Serial Infrared Physical Layer Specification”

det aiehsotiée fareroat cogreation lmmdddataction keforindheSratnds ECCE2 and a
The digital data is transmtted using a four-pul se

posi Fh@h BBSILIIAG bPthe Amalb§isfyrial & éordrriedtiathe FidmdékbPsymbols
structure is encoded by positioning a pulse within a

synp lé)(% Igﬂg s%rg;g@ :gréL?pu?é t\’)hﬂﬁﬂ]ésm'll%éw f??@etsid?‘asyprfbﬂl% Fgﬁ% original

of t on'o e synbo each’posi

St T ubkts ECh 55 BT EloAnEntia sl A Sy ammieion to the

and the Stop Flag Field are each uni que codes t hat
hav e spgakerissifacamns 36h st urighihs: tine .o AERERdbGBEEN theeprocess of
four-pul se position nodul ation of the dual-bit data

st r ugleyuiging[tR@ Higlial daea by B&MPNAG 2i8é BASl0Y sigmdl; intertdawdig and
enpl oying a phase lock loop is subject to jitter in

pul i ith . ' . :

i, PRARHEE B UIENLhih W ChlechaR et i O0TRUAY an

dri fttra'ngrgitlﬁ%gltﬁg %llgit%f’g'a%al; ?éc?eriving and recovering the digital data;
deinterleaving the digital data and detecting and correcting any errors within
the digital data; and converting the digital data to an analog signal for

transmission to the speakers 35a and 35b continues sequentially for each of

the time periods s, ..., Th.

[0009] The “Serial Infrared Physical Layer Specification” details the encoding
of the data in section 5.4.1. The digital data'is transmitted using a four-pulse
position modulation. In this instance a dual-bit data structure is encoded by
positioning a pulse within a symbol. The symbol is divided into four time
positions of the time duration of the symbol with each position representing
the coding of the dual-bit data structure. The Preamble Field, the Start Flag

Field, and the Stop Flag Field are each unique codes that have symbol
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causes the local oscillator to have to be re-I| ocked
periodically. Wthout periodic relocking of the | oca

wogaisliB278r t o the signal, there can be errorsParaBobiien2783

data reception. Further, nultipath reception problens
cause the received timng data to fluctuate with the
differences in the delay of the paths. [001 1] It is
known that the clock recovery schenmes are not perfect.
When the receiver in a wireless environnent cannot

receive the digital data streamdue to interference in
the siranRitbal eannaite, caiesqshwdl the fqurtydee pesitign modulation of

| onger synchronized to the transm ssion clock in
genetla duagl-hihdatal sinlctergusi ng corruption or loss of the
digital data. Special muting techni ques are enpl oyed
to alleviate the problemof losing the digital data

[@@0' s anfeldymen FJ}ﬁza%thCd?rtﬁ@'ré@éWé}”er%lo%rfbcg ﬁ)hb@@l&.}k loop is

Pat ent 5,457, 718 (Anderson, et al t eac

The. paist R df @’J@"ﬁﬁ i el 28 “.%'%FW%?”FF% histeh the
phasHeBURRaY af e ransphbodeta EHgbéF RBR AT gb eiegabagallator

retimng function. Thed| gital filter provides a data
r et i sanged theclocahosgyilatenigi hayet tadeia-lpcked perindicayr Without

bit counter to a digital delay elenent interposed

bet weeriotiicaetakimgsofighallodat pstillatot td tiee sigpat, theretdam be errors with
phase conparator. \Wen the data is out of phase with

resped ghia r"écbﬁ]ﬁé‘rll FLARET, nﬁtﬁlﬁp&i‘h%&éﬂ)tléﬂ chﬁﬂems cause the received

determ nes f a multitude of binary phase decisions

e U584 b B REEFE B LEEA RSO, et e

adj usts the phase of

[0011] It is known that the clock recovery schemes are not perfect. When the
‘receiver in a wireless environment cannot receive the digital data stream due
to interference in the transmission path, the phase lock loop is no longer
synchronized to the transmission clock in generating the clock causing
corruption or loss of the digital data. Special muting techniques are
employed to alleviate the problem of losing the digital data symbols and thus

the synchronization of clock.

[0012] U.S. Patent 5,457,718 (Anderson, et al.) teaches a compact phase
recovery scheme using digital circuits. The phase recovery circuit is
essentially a fully integrated digital filter, which interacts with a phase

comparator to provide a phase lock loop and data retiming function. The



the incom ng data with respect to the phase of the

| ocal clock. [0013] U S. Patent 5,887,040 (Jung, et
wal006/002908i des a hi gh speed digital data reti nPQgiB2005/002783

apparatus, in which, binary data can be retinmed in a

stabl e manner, even if static skew due to a del ay

di fference between the retimng clock pul se and the

data is present and a dynam c skew due to the

characteristic variation according to tine and

tenperature. The external clock pulses are del ayed by

neangigital flterddrayidgs asdate; retiminghfungten dysenging the output of the four

performance i s i ndependent of the pattern of data. If

t he H#tcauptaades dipibaV delapalenmend ustedyddeetk lssteeen the data signal

(wandering) for nore than a certain period of tinme, an

el aSHpﬁut bubiftRe MR Bse phasaeospaiater. \WREn the taiis®ut of phase
no data is lost. [0014] U. S. Patent 5,886,552 (Chai,

et agnt}] rg$§§c§t' tBeaSIP?gfg@Ba( "R 'rdglf%\gﬂﬁérr G&tebmi n‘@a@'f&f}". 'S multitude of

capabl nore e rvel'y NG an ext
utal i.ty of cloc

ted dat
5 vort B BfieserelianBialS of b aaﬂggaﬁsﬁ%aeqwre% and feeds
| oop. [0015& U S. Patent 5,608,357 (Ta, et al.) tea
a dathis paek ig the de'ay element. @e.dﬁlaﬁgele«m?hthgn @étUa‘ﬁtSa’f’f@ phase of

elimnating jitter. The data retimng system i ncl udes
a | otted incboitkg datgpwitb eespaag bethe phasecokthei logaltdiack.

i ncom ng data and producing a recovered clock fromthe
i ncom ng data, and then producing retined i ncom ng

Gtﬁtagk by r g} s n’gﬁ%{g ?%%ﬂg%kmrgd at 81 YbioViddiea hRFPRIRMigital data

e PESAFHETE 69 5500 s EARDE e e,

10 even if static skew due to a delay difference between the retiming clock pulse
and the data is present and a dynamic skew due to the characteristic
variation according to time and temperature. The external clock pulses are
delayed by means of a delaying section, so that system performance is
independent of the pattern of data. If the data phases show a continuous

15 difference (wandering) for more than a certain period of time, an elastic

buffer absorbs the wandering, and therefore, no data is lost.

[0014] U.S. Patent 5,886,552 (Chai, et al.) describes a data retiming circuit,
which is capable of more effectively retiming an externally inputted data by
using a plurality of clocks from a voltage controlled oscillator of a phase-

20 locked loop.
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the recovered clock and reading the stored data from
the buffer nenory in accordance with the | ocal clock.

woheosthazasr et i m ng system provi des reliabl e opecatiBmns/002783

even at very high data rates. [0016] "Low- Latency
Pl esi ochronous Data Retim ng," Dennison, et al.,
Proceedi ngs of the 1995 Advanced Research in VLSI
Conf erence, March 1995, found 4/2/02 at

Www. m t . edu/ pub/cval/ plesio.ps. Z retinmes received

1831 dhne - clbBrERkl o OB HE 5 A LicrienbEa dadBfis System for

for the differences fromthe transmtting clock of the

dat a refiminghacering da@ andelminating jifter. the&aéﬂﬂ retiming system

G ocking," Sarmenta, et al. Proceedings of the

| nt erimrzimdiemalloc{abmcakeaqmasa alignpufos re@rivingrthe likteming data and
Cct ober 1995, descri bes mai ntenance of a known phase

r el atpredsdihdg alretersreddieskBomtag endareingariea eanditten producing
rel ated by a rational factor, and exploits the

pr ediy %,ﬂ@&',ﬁ dfnﬂpt&ﬁé rbg{ﬂ%ﬁ%iﬁg’ﬁ]eqmé% Gata with the recovered

algor mcaly Ime C cations wt run-

ar bi H 85(#0 Sfrﬁgr&q{y "y g‘n%];vgltggt?w%)gr%'é) Pe & mJomlng data
cormunl cation syst em t hat synchroni zes data recejved

and LY ESQEEe iedimed incaring 8ataole thedulier memaw ipacgordance with
transmtted to the transm ssion nmedium [0019] Anot her

obj edhe odcavhied cloekmndoeadingphe\statedadata firoomtheabuffer memory in
systemin which the data received and recovered froma

t r ansitoriapee With the [Baal clock. The data retiming system provides reliable

operation even at very high data rates.

[0016] "Low-Latency Plesiochronous Data Retiming,” Dennison, et al.,

Proceedings of the 1995 Advanced Research in VLS| Conference, March
1995, found 4/2/02 at www.mit.edu/pub/cval/plesio.ps.Z, retimes received
data by delaying the data such that it can be captured by the receiver clock.
The delay is varied to allow for the differences from the transmitting clock of

the data and the received clock.

[0017] “Rational Clocking,” Sarmenta, et al. Proceedings of the International

Conference on Computer Design, IEEE, October 1995, describes
maintenance of a known phase relationship between clocks whose

frequencies are related by a rational factor, and exploits the predictability of
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nei ther under-run or overrun of the data due to
differences in the transm ssion clocking and the

woeowsp2os cl ocki ng. [0020] To acconplish at | easaBIN&002783

of these and ot her objects, a data comruni cation

system has a transmtter and a receiver. The

transmtter includes a frane formatter and a

transm ssion device. The frame formatter encodes

digital data into series of synbols. The encodi ng of

the digital data inc]Judes . inter|eaving the digital. )
dat aqé‘%‘& rejativg ehﬁﬁeseéorggoﬂ eaoimg PnBHpicatPRs without run-time
codes with the digital data. The transm ssion device

i s i @reiiabionicoata with the frame formatter to

receive the series of synbols and transmts a

nodul at ed si gnal conposed of the series of

synbol s. [ 0021] The receiver is {n comuni cation with

the transmtter forélalm;maﬂ)h@ftth@ Imentiosy signal ,

restoring the nodul ated signal, reconstructing the

synbols of the digital data fromthe nodul ated si gnal

[GtB]sy nc hrAomoljentoft this idvgntien isdatprovidea ¢dmstunication system that
reference signal. The receiver has an anplification

and eggndhton@disihts irecalvéd antnecswstet froie aerardmission medium to
restore, and sanple the nodul ated signal. The

modubad edtirgRhitled t%%ﬁﬁ'tr%%sﬁﬁséomﬁédi&h? of the first

ref erence signal such at transitions representing
boundari es between bits of the digital data within the

| ated signal are detected and the digital data.js )
(FREo: £ AN PSSk ATh VRIS iGvide Gt USRS ystem in
signal . Once the anplification and conditionjng _
ci r cuvhich ihe daleorseivediang resavergddm s Faasmission edwim has
data, the digital data is transferred to a buffer data
r et emigither ahdemiun or overrun of the data due to differences in the

transmission clocking and the reception clocking.

[0020] To accomplish at least one of these and other objects, a data
communication system has a transmitter and a receiver. The transmitter
includes a frame formatter and a transmission device. The frame formatter
encodes digital data into series of symbols. The encoding of the digital data
includes interleaving the digital data and providing error detection and
correction codes with the digital data. The transmission device is in
communication with the frame formatter to receive the series of symbols and

transmits a modulated signal composed of the series of symbols.
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where the reconstructed digital data is retained. The
buffer retention circuit has at | east one buffer

WOoi2051032978 or ret ai ni ng groupi ngs of the synbol BCT/iBDBRH02783

The digital data is transferred fromthe buffer
retention circuit to a data correction and
deinterleaving circuit for reorganizing the digital
data to an origi nal sequence of synbols. The data
correction and deinterleaving circuit further corrects

error reated in the transm ssiq f the ated ‘
18%Ha e e I8 OV Bo AT SIUSH T iAduirin the
di gi taI dat a the reorgani zed and corrected d| gital
dat a medulaisidasigaaragiening the motitlated sigeat, ireeonstrusting the symbols
[0023] A boundary marker signal detection circuit is

i N cofmivedigital datawrdrh thémmméﬂeﬂis:gziélmmdasymmromzmg the digital
conditioning circuit to receive the reconstructed

di gi tsled a firstrererbAe é%‘h@PSTﬁé’ co&svel Kid ah afflificatiditand

boundary marker signal tection circuit extracts a

mar kt%apalé%ﬂg-lg #lﬂz‘{htcéé negted ﬂ‘é;ggﬁlrey ré)sf oY %8'3%3?@3?!?%@0@[3’(&

di gi er S1 g prOV| es’an i

? ]|¢q et E?gi{?g mﬁgﬁodylg&%lgﬁtﬁ@ls ,Sgat %i %t g%gl?lgp?e, qftefg? ?i¥st reference

management unit to synchronize the digital data to the
firstsignsl @H@hcti@atér@ﬁs@tlonsmérqsemeg bewndgdas between biof the

a first-infirst- out (FIFO data retention device,

whi chligitat eiatee withimetheanodsibtadcsigdalcargi detbctddtamdathetdigital data is
rate of the first reference signal fromthe buffer

r et enbhEistkictéd hhd 3PAchroARRE thehé B8caNd ?éfé%ﬁoéeeﬁgnal Once the
digital data for fufther processing at a rate

appr t :
o B g B BN P Yz e
tr a”%‘@&aﬁ da’ta, the digital data is transferred to a buffer data retention circuit

where the reconstructed digital data is retained. The buffer retention circuit

has at least one buffer circuit for retaining groupings of the symbols.

[0022] The digital data is transferred from the buffer retention circuit to a data
correction and deinterleaving circuit for reorganizing the digital data to an
original sequence of symbols. The data correction and deinterleaving circuit
further corrects any error created in the transmission of the modulated signal.
Upon the deinterleaving and correction of the digital data the reorganized

and corrected digital data is replaced within the buffer retention circuit.

[0023] A boundary marker signal detection circuit is in communication with
the ampilification and conditioning circuit to receive the reconstructed digital

10
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[0025] The jitter nmanagenment unit has a variable
reference signal generator connected to the FIFO data

woebwrnB2os device to provide the second refer eRCE1B2005/002783

signal for synchronization of the digital data. The

buffer data retention circuit transfers the digital

data to the FIFO data retention device until the FIFO

data retention device contains a first amount of

digital data ( approximately one half of the capacity

of the FIFO data retention device), where upon the

FI FOdRia.a Fremdhe reeprRiniotes disiiphaatiothe beiendary measier signal
digital data. Further, the buffer data retention

ci r cdettectiost citaudiresfteactab Imankebsigaabindidatindiggbdadatpod symbols of
present between two nmarker signals to prevent overrun

of t hRe diidial ahtelathe niftkacsignBl prolideBizh huldatibh @ &fiming of the
of all synbols between two narkers, the bufferdata

rete 'ii%gfa%gé('?g%réé@%%ft@d By e trhh&mltegnd second

synbo rame between’ two narkers essentially

si mul taneously. This prevents any overrun of the data

as transferred to the FIFO data retentign circuit., o
[Podle] Th g‘[']q faceparhRsFeitiaimanagemant uniyiamehspnize the digital
control circuit connected to receive a marker signal

ext r aatato theofiist referantel sigral. Jihgriler yanagerbenindat lyas a first-in-
mar ker signal detection circuit. The generator control

ci r cdirst-out (FIFONeatal retarstivnuuvics, iwhichvwédeivdethel recbAgthected digital
retention device to receive an occupation signal

| ndi Ez%‘té BOtHRATBY e fiist ARk g fan?%?é‘bEfefé;F @téhtiqn circuit

t he FO data retention devi ce. om the mar si gna

d th ' ' . . | .
e o e ISR R e P8ized AP dtCbE fufr P Bansing at a rate
adj ustnent, of, the variable reference, signal, generat.or
such aprseximating dbatef a second reference signal, which approximates the

timing of the digital data within the transmitter.

[0025] The jitter management unit has a variable reference signal generator
connected to the FIFO data retention device to provide the second reference
signal for synchronization of the digital data. The buffer data retention circuit
transfers the digital data to the FIFO data retention device until the FIFO data
retention device contains a first amount of digital data ( approximately one
half of the capacity of the FIFO data retention device), where upon the FIFO
data retention device begins to transmit the digital data. Further, the buffer
data retention circuit must transfer all symbols of the digital data present
between two marker signals to prevent overrun of the digital data. To
accomplish this full transfer of all symbols between twoimarkers, the buffer

11
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reference signal synchronizes the digital data to a
timng at which the digital data is transmtted.

wpQOBABR29TREe generator control circuit causes t RET/IB2005/002783

generator control signal to indicate that there is to
be no adjustnent by the variable reference signa
generator to the second reference signal, if the
occupation signal indicates that the FIFO data
retention device contains a second anount

(apprpximately half the ca ity .of the FIFO data

For bt FEaB bR 83 vise Fnst R st B eSaaniembO R of ayfiame
occupation signal indicates that the FI FO data

r et erhetwaCR&YP FRAKEH BS3RNtiallY sinmmianacuslys eElis draveniaany overrun
of the digital data, generator control circuit sets

t he gdries data as tansidrrest iprithe &-1FO data sefedition taireait. by

the variable reference signal generator to the second
reference signal to increase the contents of the FIFO

[gﬂ%@nr et eﬁtHegjﬁté}‘?Héﬁé‘gé’rﬂéH urhit h§§’?§9§n{éfat{oﬂ %oﬁﬁ&loéigztuiitocrc])nnected

t of digital data. Alternate e occup

1 R T O A R e
O kBB G Lo AT, SR corvmpri s

ref erence signal generator should cause adjustnent to

t he dedberdnrecomamenisatien githl thed-1HEcdatagetantionacEvientosreceive an

of the FIFO data retention device until it contains

t he secapationmsigntl inbicditiaytam ardatiat ofBiigiedl daga ?i-éséﬁtWthin the FIFO
a

of the Drawings [0028] Fig. 1 is a diagramo

COMMyp4 AdtbAfISn S¥FIcBMFbnd A RBHEY sffial and the occupation signal, the
generator control circuit creates a generator control signal to cause an
adjustment of the variable reference signal generator such that the second

reference signal synchronizes the digital data to a timing at which the digital

data is transmitted.

[0027] The generator control circuit causes the generator control signal to
indicate that there is to be no adjustment by the variable reference signal
generator to the second reference signal, if the occupation signal indicates
that the FIFO data retention device contains a second amount
(approximately half the capacity of the FIFO data retention device) of the
digital data. However, if the occupation signal indicates that the FIFO data
retention device contains less than the second amount of the digital data,
generator control circuit sets the generator control signals to cause

12
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[0029] Fig. 2 is a timng diagram of ideal
transm ssion of digital data through a comuni cati ons

weysaicmsros the prior art. [0030] Fig. 3 is a dpagnBaomw®602783

t he comunication systemof this invention. [0031]
Fig. 4 is a block diagramof the transmtter of the
comruni cation systemof this invention. [0032] Fig. 5
is a diagramof the frame structure of the digital
data of the conmunication systemof this

oo Pl ol B i S BB 08 sccona
invention. [0034] Figs. 7a - 7d are fl ow_di agrans _
descriiefgregee sonainhbgrease hemantens Af the GHQ daéz eeteation device

by a receiver to prevent overrun or under-run of the
di gi tuwdtil dlatomtaips the second amouins of digitalf dathe Adiegnataly, if the
data to the receiver of this invention. [0035] Fig. 8a

i's a édotipadod iskfahifdidates thatthe FlitORIN Relehash dalicetontains
of the digital data in a communication systemof this

i nve o r
11 o e tholy B scodhe ol B Bl e A generator contro
with synchronization signal and the start signal, of .
the  CfRLaeF Sie SFudiaRiortii slanay B Pilsete fadans variable
Fig. 9 is atimng diagramillustrating the transfer
of ddeference signal generaier shaulscaese adivsteenirtorthe second reference
i nvention. Detailed Description of the Invention

signal to decrease the contents of the FIFO data retention device until it

contains the second amount of digital data.

Brief Description of the Drawings

[0028] Fig. 1 is a diagram of a communications system of the prior art.

[0029] Fig. 2 is a timing diagram of ideal transmission of digital data through

a communications system of the prior art.
[0030] Fig. 3 is a diagram of the communication system of this invention.

[0031] Fig. 4 is a block diagram of the transmitter of the communication

system of this invention.

[0032] Fig. 5 is a diagram of the frame structure of the digital data of the

communication system of this invention.

13



[0038] The communi cation systemof this invention is
applicable either to wired or wireless digital audio
woansazoat i on and provi des i sochronous ti m ngPof/iBives/002783

digital data for high quality audi o playback. Both the
transmtter and receiver will use their own | ocal

cl ocks for the communication. In addition the receiver
contains a jitter managenent unit that consists a

first-i nfi rst-out (FIFO data retenti on device or

BT ot 5100 2 HRSKSTeuRA of e MR T bl fication systerm

managenent unit tracks the transmtter's audio cI ock
by maﬂfﬂh@ ip¥entitn.t he FI FO buffer status only and is
sinple to inplenent or integrate into any digital
audi o systens that separates the playback fromthe

[gosdce. [ (Eige] 7d hef dhre@idwi tifagirams desatibinglthe tmetiiod for
contai ner and the producer (receiver) pours in digital

dat a '&Hﬁirﬁz'ﬁ{; delte ré’d&\}é?:gb)a!dqfé@el%ﬂ%re%nﬂo\féﬁ% bPhahder-run of

IS eqg vaI ent o the receiver's clock peri od

5 Cgrgahg%ﬁ%aﬁ d%%fd’ d% Q{H’ ?rﬁf@sweg%h@dq% Jiglgg Oelcglver of this

have reached a threshold | evel. Once the digi taI data
symbdMeMUOLh the threshol d | evel, the consuner begins

to consune the digital data syrrbol s. If theoretically

t he producer and consuner operate at the sanme rate,

[0035] t he |geBa df attihengridizgranf iflestratingcthetsyinebronizdtionbaf the digital
at the threshold | evel always because what gets in

al so difth $n aWonhuhikatispstedt 6f thiPPWBhtibh. however, the
producer happens to be faster and the digital data

synbols are transferred to the FIFO buffer nore

[BHéé'fl y ar}qu 58 i€8 [ﬂlﬁHH& IEﬂia{g%am illustrating the relationship of the marker

10 signal with synchronization signal and the start signal of the communication

system of this invention.

[0037] Fig. 9 is a timing diagram illustrating the transfer of data to the FIFO

data retention device of this invention.

Detailed Description of the Invention

15 [0038] The communication system of this invention is applicable either to
wired or wireless digital audio communication and provides isochronous
timing of the digital data for high quality audio playback. Both the transmitter
and receiver will use their own local clocks for the communication. In

addition the receiver contains a jitter management unit that consists a first-in-
14



still extracting the digital data at a slower rate,

the level of the container or FIFO buffer increases.
woaodclis78ncrease in the | evel of the FI FO buf Per/1B2005/002783

conti nues, the FIFO buffer will overflow and an

overrun of the digital data synbols will cause a |oss

inthe digital data. Alternately, if the producer

happens to be sl ower than the consunmer and the digital

data synbols aretransferred to the FIFO buffer nore

sl ow_y and cnsu r.is still extractin

di gi tf'éft t(gn:ea{?)‘g "faa[? itiop deyice; grby s@gn({qu VCXO (Voltage
contai ner or FlIFO buffer decreases. As th| s decrease

i n t igenirelled coystaliescitiptar) Bod BV CXoheoniirldogic haitrT his jitter
buffer will enpty and an under-run of the digital data

sy nbahanagdrhemtavsittradies thedidrsotittéds atdip alotk by hieking use of the
producer provides nore of the digital data synbols,

thus Fep@SdIFesr dtstle ol O)PQn&jiérélﬁﬁ)Ié Reinmbiabest or ﬂfte@r*é@e lnto any
i sochronous digital data symbols. [0041] If the Fl

R e

buffer the consuner can adjust the rate at which the

taI data s nbols are renmoved fromthe FIFO buffer.
[QQ cent ridie f QHff%re'ﬁ\ﬁé'@lPQWSJBr?e?oﬂ‘t?lﬂetr anfdha prediger
limt are designated a "confort zone," the consuner
does (reweiveinppgerstihaligital date sywhbals afttlee anglagaudiasignad at a rate
are renmoved fromthe FIFO buffer. However, when the

| evelth#ifis agivansninb tieé retaiverier @sependd. hiThist dt&hEDs empty at
buf fer exceeds either the upper limt or the |ower

LM e bEgheﬂggwﬁ dUShsUMRYY @Ié fwillnr%t X u?iFll the digital data

decr ease e consunpt the digita

synbol mbolsoﬁqa\t/eh ?eacheg a threshold level. Once the digital data symbols

10
reach the threshold level, the consumer begins to consume the digitai data
symbols. If theoretically the producer and consumer operate at the same

rate, then the level of the FIFO buffer or container will be at the threshold

level always because what gets in also gets out at the same rate.

15 [0040] If however, the producer happens to be faster and the digital data
symbols are transferred to the FIFO buffer more quickly and the consumer is
still extracting the digital data at a slower rate, the level of the container or
FIFO buffer increases. As this increase in the level of the FIFO buffer
continues, the FIFO buffer will overflow and an overrun of the digital data

20 symbols will cause a loss in the digital data. Alternately, if the producer
happens to be slower than the consumer and the digital data symbols are

15



buf fer. [0042] For exanple, if the producer is

providing the digital data synbols to the FIFO buffer
woasdems297han t he consunmer is extracting these #C@iIBAN5/002783

data synbols, the FIFO buffer will exceed the upper

limt and the amobunt of digital data synmbols in the

FI FO buffer are no longer in the "confort zone".

Toprevent the container fromoverfilling and digital

data synbols from being | ost, the consunmer wll

i ncrease the consunption rate to match the rate of

t r ansirapsfgrrediia the fiftle dufighmaiesionly anddhrapnsumer is still extracting

anmount of digital data synbols present in the FIFO

buf f etheagigitalatztia Gha faster vate, thenlevelgafithe cohimicensiuRiEiO buffer

increments the rate of transfer fromthe FI FO buffer

whi | edégraht@s.i Ag thiseidceyade iafthe eveliop iy FAFO Bulfet abntmues the
data present in the FIFO buffer at periodic intervals.

The. cefyBEftes wmraﬂgtya%a 8 urBberd of MEERAI Ra Yiodddfs wil cause

dlglta data 1 n astage at the“anoun

data e e FI uff r starts to fal

5 the cBrdURback s 0 hbLR rpfileshaovaes etk ot rftal data
and waits for the level of the anount of digital data
sy mboP¥NPeIs: thusmatsing distartin denng the n@ybaﬁk of thezispehronous
I f however, the producer is transferring the digital
dat a digital dataeymiemis.i s nuch | arger than the consuner
can anticipate, the FIFO buffer may enter into a hard
upper region. Once the ampbunt of digital data synbols

[poRFENt | n:fm@FlﬁcE@umF h88 iftAsatBRY &érﬁgrdd?ﬁwgéﬁpﬁ)trﬁgf&oﬁng the

upper regl on, the consumer nust then iIncre

transger Jl {tﬁtg{ygf% %g%%‘ise resehit \?[ltﬁlﬁgﬁ%ﬁﬁﬁg @L?Ffear?ﬂwe consumer can

decel eration cons mer- o

10 adjust the rate at which the digital data symbols are removed from the FIFO
buffer. [If a central region between an upper limit and a lower limit are
designated a “comfort zone,” the consumer does not change the rate at
which the digital samples are removed from the FIFO buffer. However, when
the level of the amount of data present within the FIFO buffer exceeds either

15 the upper limit or the lower limit, the consumer must now either increase or
decrease the rate of consumption of the digital data symbols from the FIFO

buffer.

[0042] For example, if the producer is providing the digital data symbols to
the FIFO buffer faster than the consumer is extracting these digital data
20 symbols, the FIFO buffer will exceed the upper limit and the amount of digital
data symbols in the FIFO buffer are no longer in the “comfort zone”. To
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rate will leads to the consunmer's speed being close to
the producer's speed. The consunption rate of the

wdi2gietoat7slat a synbol s fromthe FI FO buffer by PO®1B2005002783

consuner will not be exactly the same as the transfer
rate of the producer but the consunmer will ultimately
have a consunption rate that is inthe soft region or

confort zone and there will be little acceleration or
decel eration of the consunption rate. [0044] It is

apparent that the. rincinple_appli. to the .
or baarert Bh spBfRa TR Grtfag AR ol ghf pSpgis ram being
FIFO buffer at an injtially slower rate than the

cons Uegh tshcengunefiwilHecregha bk FONSHBPEhEAIRHP nagtetdhe rate of
t he consunption rate increnentally until the anmount of

di gi tteansfiert of tbg phoducaniand attarhptsitb Faveuhé emeipirod digital data
the confort zone. [0045] Refer nowto Fig. 3 for a

di scugmittls pfedane it HIEIFC BUffenagprehemtied coinfert zone again. The
i nvention. An anal og signal such as human speech or

nusi gdﬁgﬁ@?‘mcﬁgm@ﬂ%ﬂ@ b?ﬁahf\ggf@w&rﬁg‘:lw @fer while

synb O representing the sanp anal og

e epand ke by oS el ol eidlaidia d BRRITRIRT £ buter a

digital,K data synbol_.s and provides error detection and
cor r RAOGIE ipkRTEals. CONSYIRRY incrgMents dg rtsplsensumption of the
then used to nodul ate a transm ssion signal such as a

f undaligitel dlatd incgfeps ty afstage thaithevanmsiuns of datangieisest inrthe FIFO

or a light signal for an infrared transm ssion. The

nmodulkaiffed serniel fall iBeh shé canshmer stbpsanéreenartingithérate of transfer

200, which recovers, restores, deserializes, and

synchiRnigRs idriife el bthelahduit Smbital dE& symbols in the FIFO
buffer to enter the comfort zone. If however, the producer is transferring the
digital data at a rate that is much larger than the consumer can anticipate,
the FIFO buffer may enter into a hard upper region. Once the amount of
digital data symbols present in the FIFO buffer has entered into the hard
upper region, the consumer must then increment the transfer rate much

faster. This acceleration and deceleration by the consumer of the transfer

rate will leads to the consumer’s speed being close to the producer’s speed.

[0043] The consumption rate of the digital data symbols from the FIFO buffer
by the consumer will not be exactly the same as the transfer rate of the

producer but the consumer will ultimately have a consumption rate that is in

17
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recei ver 200 further converts the digital data synbols
to the anal og signal 250 for transfer to the speakers

wofhodsla2d1gadphones 260. [ 0046] The transm tter pOD/IB005/002783

this invention is shown in Fig. 4. The digital data
synbols 50 are transferred to the data input register
105. The digital data register 105 synchroni zes the
digital data synbols with the data cl ock provi ded by
the transmtter clock generator 135. The digital data
synbols are transferred fromthe data i nput register
105 tthetsed regicsy oreanator zaneaand thare vl b@dlﬂ&)aw@eratlon or
circuit 110 where the digital data synmbols are encoded
W t h deaeteratien of thecormunpton t¢i on codes to provide a
| evel of recovery for potential corruption of the
transmtted digital data synbols. [0047] The digital

(644 synbak ﬁs %béeheh%bf 1 $SREFpinclé apPﬁég {PhE &Bd%xcer

codes are t ransferred to the interl eave circul

115. n

di gi ttf?né&‘%rtr@ syrr‘ootﬂtsatl g? aa*?%srﬂ 'getogr r ui EI ;Zgof]df%{ a?ﬁ@ initially slower
trans S |on t hat occurs suc hat tenporally adjacent

i o TaIS AT TS EEEY sete o hA Sops MRS, dhessrguaer Sows the
this problem the digital data synbols are interleaved

such aangumfitigntrate igrementaty ustibhetaraodainf digitalidata symbols
correction code are no | onger tenporally adjacent,

t hus vaidtinithé FEO dusffee approachfthampniforitzomecor rupt i on at

the receiver of the digital data synbols. The
interleaved digital data synbols with the error

PRAEEL| Bt S 4 SIS ik o o

t hen Ipisrrate: Ao ShelRlSlng Ushirn BinBndPaRSh Pefiisio s sampled
and converted into digital data symbols 50 representing the samples of the
analog signal. The digital data symbols 50 are transferred to the transmitter
100, which serializes and formats the digital data syrﬁbols and provides error
detection and correction codes. The encoded digital data symbols are then
used to modulate a transmission signal such as a fundamental frequency for
an RF wireless transmission or a light signal for an infrared transmission.
The modulated sighal 150 is transferred to the receiver 200, which recovers,
restores, deserializes, and synchronizes the digital data symbols. The

receiver 200 further converts the digital data symbols to the analog signal

250 for transfer to the speakers of the headphones 260.
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and a start pattern that are appended to the
serialized interleaved digital data synbols with the

watomndz18 error correction codes as shown i n PC®GIB2005/002783

5.[0048] Each franme 160a, ."., 160n begins with a
synchroni zation pattern 163. The synchroni zation
pattern 163 is a unique series of timng pul ses that
in a receiver of the prior art would be used to
synchroni ze a phase | ocked | oop. Follow ng the

R S LT Bo 3R B B RER 35recot

represents th ackets 167a, 167n digital data
synb geta sym Ql Vé'%fﬁﬂﬁdé?%’ﬁ%ﬁ?%'@ioét [Q%stﬁf éﬁ'ésThe digital
have a fixed nunber of packets 167a, ..., 167n of the

i nt edataragister 405 syndatonizegrtbe digital ldetess;anbotseqimt’r[aedata clock
165 provides a reference timng referenced to the

t r angrovided byltie krahdmittér dfoek génerafIPEIBIEThaHi tﬁﬁd@t@dsymbols
of the frame is the error correction coding 169 t

' S U%fé;' trafsfe?RA froMHe BEL fné%st‘éf' 1b§q83q%ieh% d@fgc"ﬁon and

corrupted in the tr sion

o b i AL R 2 BT ABAT BiEPols 8 encoded with

nodul at or, 125, n infrared transm ssion s stem t he
moduBHOr dFtection r?é’qa TRAfON Gpdesita proyde ey trieﬁﬂvery for
nodul ati on schenme, but any appropriate nodul ation
scheypetandial nouepﬁmm gf thiettransmaitted wégital datasymhols.
invention. The transmtter clock generator 135

provi des that necessary timng to create the

[6ou7]- pul sqhRRsihtAIQEtaRYbBIY With tﬁé]feaﬂ@ﬁ*dérﬁteeﬁbrtdo%‘éﬂbﬁ codes

signal is transferred to the transmt driver 130 wh

Se”dégé %@QN&@F@G £5 9 ﬂlte&éé?xet Srcitt{ AEISAY ‘Fsekné\}dr‘fﬁh HFe art, the

an L

transmission of digital data symbols often have corruption of the transmission
that occurs such that temporally adjacent digital data symbols maybe
corrupted. To alleviate this problem, the qligital data symbols are interleaved
such that digital data symbols of the same error correction code are no
longer temporally adjacent, thus permitting correction of any of the corruption
at the receiver of the digital data symbols. The interleaved digital data
symbols with the error correction codes are then transferred to the frame
formatting circuit 120. The frame formatting circuit serializes the interleaved
digital data symbols and then generates the necessary synchronization field
and a start pattern that are appended fo the serialized interleaved digital data

symbols with the attendant error correction codes as shown in Fig. 5.
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conveys the nodul ated signal to a transm ssion nedi um
such as the atnosphere or a cabling such as a

woizbwroopt7s ¢ cabl e. [ 0050] Return now to Fig. 3. PTigB2005/002783

nodul at ed signal 150 is transported through the

transm ssion nediumto the receiver 200. Refer now to

Fig. 6 for a discussion of the receiver of this

i nvention. The nodul ated signal inpinges upon a

transducer 195. In the case of an infrared systemthe
transducer_195 woul d be a PIN di ode receivin a_IL%ht

[Q948lal . | FadhdTamed e, an, 1@%9@9'@%"1’@@@58? onization pattern 163.
frequency wave, the transducer 195 woul d be an

ant el syricbrenization paltersi this alanighe sedienof tining pulses that in a
transducer 195 is then transferred to the

anmpl irecsiagt othanmtior @ndivbulinbagsed tecsyrich2obize Bghase locked loop.
anplification and conditioning circuit 205 restores

t he ' : i , o
mbMﬁﬁjﬁeoéyﬁdﬁ?orﬂgé;ﬁr’%@Eﬁg?rﬁ' ¥ a é@ﬁ@g@\% 165 indicating

extraneous "noi s€¢, and es the sig

or of b B bt REncReloR BBlR b iisehls I petirety 1672, - 167
nmodul at.e i gnal i anpl ed i.ng a clock that

Tl I (Rl BImPpRR. Jp ECRBERION SR WS the fames have 2
clock f i and its nultiple nfi are ?eneyated by the

r eceifixed nenges C@feqe@katSo{)G'@o,-, 4671 lof thesindereavedrbaitalldata

frequency approaching that of the transmtter clock

genersyiriyols, 3he etarbsgquence~t85 prafideca reference timing referenced to
i npl ementation of the preferred enbodi nent the

t r ansgpad tps i HoSe 1SS BF Flg. U3NFEshddicat thE RINKCST thk 9lfne is the
generator 220 each have a frequency of 12.288 MHz +/ -

50 p%ﬁ}o }%grﬁgiti%zzwmﬁ%é {hatt t'féeugéuefbul%'b%Yr éjr%F retc%vépgny of the

tol er

digital data symbols corrupted in the transmission.

[0049] The formatted digital data symbols are transferred from the frame
formatter 120 to the transmit signal modulator 125. In an infrared
transmission system, the modulation scheme is usually a four-pulse position
modulation scheme, but any appropriate modulation scheme is in keeping
with the intention of this invention. The transmitter clock generator 135
provides that necessary timing to create the four-pulse position modulation.
The modulated transmit signal is transferred to the transmit driver 130 which
sends the modulated signal 150 to a transducer such as an LED which
conveys the modulated signal to a fransmission medium such as the

atmosphere or a cabling such as a fiberoptic cable.
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di fferences in the phase between the two cl ock
generators causes the overrun and under-run of the

wdi2gietoat7slat a synbol s as di scussed above. [ 0052PCThB2005/002783

hi gher frequency nmultiple nf| provided by the receiver

cl ock generator 220 is used to detect the transitions

of the nodul ated signal and allows the determ nation

of the synchronization pattern 163 and the start

pattern 165 of the nodul ated signal, as shown in Fig.

5. The anplification_and conditioning circuit 205 then

[Ra%ct s t heetpacrew do Tigrs3.- The m%%ieafsm?é 1588 traggpeded
digital data synbols and extracts the packets of the

i nt ethreagbdhditrgnsalissien mesiumdbdhé recaivere20th diefereww to Fig. 6 for
signal. The nultiple n of the nultiple frequency clock

nfi lasdieglidsin bithkrreceimppoptiistirivehtion. TheesodWated signal impinges
approximately 6 tines the frequency of the receiver

| . [ lid
cl ockynbh-a frhRsduder qgﬁ?"lﬁ:‘tﬁ‘é c8le RER _u‘lfFQeE gs?gfaggﬁ ‘tﬁé‘%rgﬁsducer 195

signal or other nethods for extracting t ets

e i PRI loste Roain B Golar iitfe 2586 AR R¥ system

still be j{n _keeping with the intent of this invention.

[ 005 e fagio frigaupnewayer die trangricss 1 ﬁé"%‘i?@t%‘ afteppa. The
interleaved digital data synbols are transferred from

t he atguitiical signad developedyithedransgucer 198 is theb tramsfereed to the
start/stop detection circuit 225. The start/stop

det eemsiificalise ahdl caRditiontrey ¢iroriits205) ETIsy antplificaticat amd conditioning
pattern and the start pattern to devel op a marker

Si gn%hcai‘f'QOﬁ-FQﬁoFE%f R armpBpak ot e hivdulated sﬁ@ea(!l,crﬁmoves any

demarcate the boundaries of the begi nning of

fr am%x%nég&s Rgﬁg?ér‘?d WBfRdutates tH@Zi@ngf to recover the digital data

symbols.

[0051] In the preferred embodiment, the restored and conditioned modulated
signal is sampled using a clock that a multiple factor (n) of a receive clock f4.
The receive clock f1 and its multiple nf; are generated by the receiver clock -
generator 220, which has a fundamental frequency approaching that of the
transmitter clock generator 135 of Fig. 4. For instance in an implementation
of the preferred embodiment the transmitter clock generator 135 and the
receiver clock generator 220 each have a frequency of 12.288 MHz +/- 50
ppm. The differences in the frequency due to the tolerance and the
differences in the phase between the two clock generators causes the

overrun and under-run of the digital data symbols as discussed above.

AN
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the interleaved digital data synbols. This timng is
equivalent to the periodicity of the transmtter clock

wqgemsriatos 135 of Fig. 4.[0054] The recovered pathei085/002783

of the interleaved digital data synbols are

transferred fromthe anplification and conditioning

circuit 205 to the buffer control circuit 210. The

buffer control circuit 210 places the packets of the
-interleaved digital data synbols in the buffer 215.

The buffer_control _circuit 210 difects, the placenent
[%(ﬁ%]novené’me ighehlegurntsulipla Rb RiPYidedbydhedeceiver clock
synbols into and out of the buffer 215. [0055] The

buf f @eneator 320 ¢3 used to dateckiber tsansitionseolithekrodulated signal and
interleaved digital data synbols fromthe buffer 215

for tilewsfthe deterhtivatitei oft thel syavRronichtionr wattede 83t ArNthe start
and correction circuit 230. The deinterl eave and error

and co . e -
et eghtiamh 288 of Hd ARHURNCE Sighid, as@%vﬁr?ﬁ:[)lg@n@?sﬂ—{éﬁpphﬁcatlon

order of the packets of digital data sy s to

original . aor o T o) LQid.al ol s

ar ¢ B e nnd SFefe I e elbR 18 st RER Ay 2620 of the
transm §si on, of ..t nodul at ed si gnal , and t hen )

cor r ERpRaeYes foitebT IS And e iaets (Do RARG!s:af the interleaved
transmtted. The deinterleaved and corrected packets

of didigitehHattasembeisiiting the madwated signahedheanultiple n of the

buffer 215 by the buffer control circuit 210. [0056]

The padtigliesreafueticgiclotk rfaisoptrmbiy Eromlaybprbﬁimateg/ 5 times to
transferred i sochronously to insure that the audio

anal %p%%@telﬁéqina@@m@me lﬁédriicgﬁfgﬁéqgééi\?@rscnlﬁgf’ﬁ. Gther

insure this, the packets o data sy S nust

be c ._at e ' th r n t .

e, SRR e AP Sod e S SR8 or exvacting
the packets of the interleaved digital data symbols maybe employed by the
amplification and conditioning circuit 205 and still be in keeping with the

intent of this invention.

[0053] The fully recovered frame of the packets of the interleaved digital data
symbols are transferred from the amplification and conditioning circuit 205 to
the start/stop detection circuit 225. The start/stop detection circuit 225
interprets the synchronization pattern and the start pattern to develop a
marker signal 242. The marker signal 242 is timed to demarcate the
boundaries of the beginning of each frame of the packets 167a, ..., 167n of
the interleaved digital data symbols. This timing is equivalent to the

periodicity of the transmitter clock generator 135 of Fig. 4.
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frequency and phase of the receiver clock 220 varies
fromthe transmtter clock 135 of Fig. 4 , the packets

wohowiogea7al data synbol s nust beresynchroni zedPCO/IBEO& 002783

the transmtter clock to insure the isochronous
transfer to the packets of digital data synbols. The
packets of digital data synbols are transferred from
the buffer 215 to the jitter managenent unit 235 for
the resynchroni zati on to the transmtter clock. [0057]

The .buffer_control circ conve e. kets of
IR B | odie Bphtied Haaels AEPp iR RREvad Al feBsietpos are
buffer 236. The packets of digital data synbols are

t r an$astasted from theeamplification apdieonditioningcirgliif 204 tpthe buffer
at the rate determned by the frequency of the

r eceicontroctionit 2HheT he buffé2eontidl eireL 210uflaess @idgtpackets of the
structured to have the digital data synbols witten at

one ﬁﬁtéﬂémdbmdﬁtaad%ﬁcﬂ@m e RUFRE2RI5. fTIRSIBBAEY control circuit
(RCLK). The receiver clock generator 220 is connected

t t

%6 ?zoz,ﬂefg&rsd@ M S B o
di gi t al t t buf f 236. [0058

Tlﬁgl 3? bP a&é’\%ggﬁy\iﬂtﬁ? s?erscrad in [ !
|sochronous order fromthe Fi FO buffer 236 at the

frequency f2 to the digital-to-anal og converter 245,
[G065]di gi t dihedeuftersopmbrol sireuiie2 thextsacte dhepackeis of the interleaved
digital -to-anal og converter 245 to the audi o anal og

si gnaligitzb 0atarsanboldifroraiad boffer FMifordbdhsfer torthe skirntesdave and
to the speakers of the headphones 260. [0059] The

;’8' : %g%;r ggfécfti%wéﬂﬁ E5ebdtloRt Gfcutt 380 THS einterfetVetsidcError
detection and correction circuit 230 rearranges the order of the packets of
digital data symbols to their original order. The packets of digital data
symbols are then examined for errors that may occur during the transmission
of the modulated signal and then corrected to restore the digital data symbols

as transmitted. The deinterleaved and corrected packets of digital data

symbols are then returned to the buffer 215 by the buffer controi circuit 210.

[0056] The packets of digital data symbols must be transferred isochronously
to insure that the audio analog signal 250 applied to the headphones 260.
To insure this, the packets of digital data symbols must be consumed at the
rate at which they were generated using the transmitted clock. Since the
frequency and phase of the receiver clock 220 varies from the transmitter
clock 135 of Fig. 4, the packets of digital data symbols must be
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clock term nal RCLK of the FIFO buffer 236 to provide
the frequency f2 withthe Read O ock 242. The read

wohewk3RZK as controll ed by the frequency f2 BCTABWS5/002783

t he consuner control for the FIFO buffer 236 as
descri bed above. The frequency f2 is controlled

t hrough the VCXO by the control voltage 242. The
control voltage 242 is the output of a second
digital -to-anal og converter 238, which is controlled

by the voltage nt r.ql rd 243.. Th | t. nt.r ol

or d ToRAreogERd A Fen Y frafoaskiiedin it tPRirEhronous

237 and i s dependent on the FIFO | evel indication o

si gndransfen dOa“ﬁﬁ pakkeisrficigital dgimpyphols. [sBacksis of figital data

| evel indication signals 240 provide a signal denoting

t he lsyndoloare transfiereddssndoe buffen215 e thejitermanagement unit 235
regul ati on by the adjustnent of the frequency of the
VCXOfgBthecreByhehropizatiohne thdirahamitépalotknagenent

circuit 237. In the preferred enbodi nent, there are

seven indicators 240 of the |evel of the FIFO 236 -

s BBH G MDY B o 2f0 EopkSthgnokelof it date
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F. [006 I{f the FIEO | ev indi cat.i ' s 240 -

| nal R le e BiTRs £15 oahe T Atk e Pagkess of digital
enpty E, there is an error in the synchronization of

t he dlaja symbels aresijamsfesed figan the b@%err&%@em& IFGhbuffer 236 at
235 nmust then perform appropriate diagnostic to

cor r dh¢ ratesdetermineddndihei feeguenoy fipofite regeivat clotk gemerator 220.
FI FO l evel indication signals 240, the frequency f is

t o berpdinsh sdffb P288 i sRidtuidiPtoA B theigith Hiza sy Sdbs written at

synbol s present in FIFO buffer in theregion between

the | ovehSqddily SAYEEKY 4t Eal AMBhotHeY HleqbbhcPRCLIS. The receiver

Upper
clock generator 220 is connected to the write clock terminal WCLK of the

FIFO buffer 236 to provide the timing for the transfer of the digital data

symbols to the FIFO buffer 236.

[0058] The digital data symbols are transferred in isochronous order from the
FIFO buffer 236 at the frequency f2 fo the digital-to-analog converter 245.
The digital data symbols are converted by the digital-to-analog converter 245
to the audio analog signal 250. The audio analog signal 250 is transmitted to

the speakers of the headphones 260.

[0059] The voltage-controlled oscillator (VCXO) 239 is connected to the read

clock terminal RCLK of the FIFO buffer 236 to provide the frequency f, with
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Limt 1 ULl signals. Refer nowto Figs. 4 and 8a for a
di scussion of the operation of the transmtter 100 of

wohbe/Bze7ent i on. During the tine period t-i, aPETaB1005/002783

frame ADO of synbols of the digital data are created
by the sanpling of an anal og signal and converting
sanples to a digital coding representing the magnitude
of the analog signal. The digital data synbols 50 are
then placed in the data input register 105 of the

transm t 0. nmbol r encogde

w o e Reae tless 4L, TR reaié??og&cﬁ@-%f Gl By e trequency 1,
generator 110 and interleaved by the |nterl eave

ci r cuaets BEshgwonsymeneoniratiopdhe biF@ buffar 28Rias deseeibed above.
time %, a second frame ADl1 is sanpled and converted

t o syThelfregaéntnd idicgpintralied Htraugh the V&XED biyrthe lventtat woltage 242.
i nput register 105. During the tine period t3, the

f r aneTheLRRtrbRYoIthgR 242 FRths &mtfdf@n@eda‘ndtmgltm@oﬁ%g converter
and interleaved data. At this sane tinme the second

frame,sg \Hl%ﬁllé 801‘1’3?6 ?érd @a@ﬁv i e(ﬁi'}ﬂl%ﬁ tofdy i3t h19ne ; voltage control

error~caorrection co ird sanpl i

AD2 is rted to,t data. Wthin

the (1RE PA3| '%agn?@teéj By he e itiedemert cgﬁaﬁiﬁg and is

sanpl ed and a new set of digital data synbols is

cr eat dependent oarbedrFedevel lﬂﬁl@atigm ﬁlgnﬁltm%(? agf dhe marker signal
105. At each following tine period t4, ..", tn, the

dat a 242encoded with an error correction code ECCEn by

the ECC generator 110 and interleaved by the

interleave circuit 115. Then in the subsequent tine

6' j:d tt *T'hetlﬂqleoflé@gg@lggﬁ% tEfg"nallsZ@Mf deWd{g signal denoting the

coded and inte to create t anmes
f or t {evef'cr)rfl t?le FPo % 50&h that the consumer regulation by the adjustment of

the frequency of the VCXO 239 can be determined by the VCO management
circuit 237. In the preferred embodiment, there are seven indicators 240 of
the level of the FIFO 236 — Empty E, Lower level 2 LL2, Lower Level LL1,

half full 2 F, Upper Limit 1 UL1, Upper Limit 2 UL2, and Full F.

[0061] If the FIFO level indication signals 240 indicate that the FIFO buffer
236 is either full F or empty E, there is an error in the synchronization of the
digital data symbols. The jitter management unit 235 must then perform
appropriate diagnostic to correct the error condition. In normal operation, the
FIFO level indication signals 240, the frequency f; is to be adjusted to

maintain the amount of digital data symbols present in FIFO buffer in the
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this period the formatted frames nodul ate the transmt
signal with in the transmt signal nodul ator 125,

wohiwlh3zgsused by the transmt driver 130 to ceavap200$1602783

nodul at ed signal 150 to the transm ssion medi um
[0063] Refer nowto Figs. 6 and 8a for a discussion of
the operation of the receiver of this invention. As

t he nodul at ed signal 150 traverses the transm ssion
medi um the nodul ated signal is delayed by an anount
of time d. Further the quality of the transm ssion

nedi ufRgRY betwaamthengyelsHedinafed byt 1bg lavwgerdievel b Lilsand the Upper
attenuated and interfered with to cause corruption of

t he nbithit 4tHdl siggakl 150. The recei ver 200 recovers

the nodul ated signal and restores the franes of the

synbol s of received data RF RO during the tine period

621”16 t r RBAEGURY 1o PRS2 Ul $:51drRedigniYish %ﬂ’gﬁ-:i gh&htion of the

50 fromthe transm ssi on nedi um converts t

nodul at ed si . to an. electrical signal.that i.s
nop! | GaTarpten 00 it iRudtigh. a5 fin Find Heigdciy 2 ffst frame ADO
205. The amplification and conditioning circuit 205,
as deglcsVinpeels £bHhadigiiat datasaresuagied hy thedsaneplingeian aralog signal
digital data synbols RF RO, which are placed in the

buf f ean@ tbnvdrfiog4pniples fwa tdigital ocoding reprasemting dhle 4ndgritude of the
received data RF ROis has error correction and

det ecinf15g aRgHal.eFhanfigitl ddea BYmbbRBESrdehfaced in the data input
dei nterl eave and error detection and correction

108 o B el U Tyl re encadea

thlaP:\g]g}at@ﬁged?ciJr naquc:ﬁgﬁégdgfé§§ i \éﬁ/gth%fr}gcbhgeerferrgﬁs’l1I8Fand
interleaved by the interleave circuit 115 during the time period 2. At this
same time 12, a second frame AD1 is sampled and converted to symbols of
the digital data and placed in the data input register 105. During the time
period 3, the frame formatter 120 formats the frame of the encoded and
interleaved data. At this same time the second frame of data is interleaved
and encoded with the error correction codes ECCE1 and the third sampling
AD2 is converted to the digital data. Within each of the time periods 14, ..., Tn
the analog signal is sampled and a new set of digital data symbols is created
and transferred to the data input register 105. At each following time period
14, .-, Tn, the data is encoded with an error correction code ECCEn by the

ECC generator 110 and interleaved by the interleave circuit 115. Then in the

subsequent time period 14, ..., T, the frame formatter 120 formats the
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the original data ECCDO are placed in the FIFO buffer
236 of the jitter managenent unit 235, during the tine

woenied29478. The digital data synmbols are then PCT/IB2005/002783

synchroni zed to the timng of the transmtter clock
and applied during the tine period ts to the

digital -to-anal og converter 245 and then transmtted
as the audi o anal og signal 250 to the headphones 260.
[0065] In each of the tinme periods t4, ..., tn t he

nodul at e ignal,is ac | ed and,t [ ansi ted . . .
o gngnopdefl b atenated dets . Sests (A AR ERS fortiSiamission. During
synbol s are extracted and the di glltal data synbols |

hav e thismgrioddhe dennpitechiamesrraedilate tedransmit signabwith in the
The digital data synbols are then transferred to the

FI FOttaunsfret sigigl mhdulatarhls, avhdcts isnedadbloy #ediransmi eiriver 130 to
original isochronous transm ssion timng. The digital

dat a canpBP e AlcBUIAIEN sryPRll 180 tb thd fanstlisicH mieati@nal og
converter” 245 for transm ssion to the headphones 260.

[0066] The start/stop detection circuit 225 is

s s ke pbHEN Y FA & 30 R tofo Bt bsBRIF Bepilon of the

10

15

20

control cCi rcwt 210.  The buffer 10 is, for

mul t |r§13%v?rr%frFB'9dUV?'@et|“§‘ i fe hevmalaind qurgl,ﬁ‘g&rameg&%the

upon recei pt and recovery of the franmes of digital

dat a trapshussion Wedium, theamodofated gignal isodelayed hig@nsamount of time
(for instance frame ECCDO have been deinterl eaved and

cor r gctmgtrdhé gualityast the traRSmtstide metfim rhbﬁ)’e §ﬂ@1 that the
ready to be placed in the FIFO buffer 236.[ 006

P Codialed G 8 is TR AN B el i %"E&gseaéorruptlon of

the modulated signal 150. The receiver 200 recovers the modulated signal
and restores the frames of the symbols of received data RF RO during theu‘
time period 3. The transducer 195 acquires the modulated signal 150 from
the transmission medium, converts the modulated signal 150 to an electrical
signal that is applied to the amplification and conditioning circuit 205. The
amplification and conditioning circuit 205, as described above restores,
samples, and recovers the digital data symbols RF RO, which are placed in

the buffer 215.

[0064] During the fourth time period 74 the received data RF RO is has error

correction and detection applied and is deinterleaved by the deinterleave and
error detection and correction circuit 230 to recover the frames of symbols of

the original digital data ECCDO0. At this same time the transmitted signal RF
27



the synchroni zati on signal and the start signal for

each frane of the digital data synbols. Since the
wornle@ms2908curs at the begi nning boundary of a PCcame200%/002783

digital data synbols, the marker is synchronized to

the transmtter clock and can be used as an indication

of the synchronicity of the transmtter and receiver

clock. In the preferred enbodi nent, the franes of

digital data synbols have a fixed nunber of franes,

the timng between the mark Lgnal s i so. fixed

and Bhidosted arutedies Rk R S880drpam e BABesf symbols of
the transmtter clock. [0068] Returni nFq now to Fi ? 6

, updherasigingldaia ESGRO Res plsicgddn thetbIF @ thefien B of the jitter

control circuit 210 initiates the transfer of the

f r ammahagéehalinitl 288, dwyrirzothe time tpbﬁoﬂlrE.OTh@fdi?italwa symbols
Since there is no real indication or control of the

di ff ; f I € :
ol ocieraieh ShURBidedtothe SHART 1 fe htferii@R Rk ild applied
the receiver clock .generator 220, the transfer o he

5 tr amdliie Be e pEubd dalo e atRLorAIBI 06 BB SRR then
two marker signals 242 as shown in Fig. 8b. To
guar dranseitted aisttheresidéy analng sigrfal 250doribe bieadphensgs 260.
210 initiates the transfer of frame of digital data
synbols by relatively sinmultaneously transferring the

heESt tWo di LH i S1 i i
0065, 32 M RSP S el acui

fr a0 Peelo R B RIS ROYCRS T rampneldp 8 eig e pata
the receiver clock generator 220. Wen the

| evelSYRIRQIBLE? exirgeiar apulonesligitaldata Brapolsave icpr detection and
buffer 236 is half full (the half full
10 correction applied to them. The digital data symbols are then transferred to

the FIFO buffer 236 where they are synchronized to their original
isochronous transmission timing. The digital data symbols are then applied
to the digital-to-analog converter 245 for transmission to the headphones

260.

15 [0066] The start/stop detection circuit 225 is connected to the buffer control
circuit 210 such that the marker signal 242 is transmitted to the buffer control
circuit 210. The buffer 210 is formed of multiple frame buffers into which one
frame is placed upon receipt and recovery of the frames of digital data
symbols. When a frame of digital data symbols (for instance frame ECCDO)

20 have been deinterleaved and corrected and returned to the buffer 215, they

are ready to be placed in the FIFO buffer 236.
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indicator L F is active), the VCO managenent circuit
237 activates the Start VCO signal 244, to start the

woeNB/02398t 0 provi de the Read C ock signal 242prCo/1B81ve5/002783

FI FO buffer 236, to begin the streanm ng of the digital
data synbols DAO of Fig. 9 to the digital-to-anal og
converter 245. [0069] The digital data synbols S3 and
Sn continue to be transfer into the FIFO buffer 236
until the conpletion of the frame. Wen the next

r sr a 242 i tes the detecti.on o start .
(LT > PRrerftagsd Pl 3B, el Sidita1 i BreBted,at i Sirbpletion of
frame are transferred to the FIFO buffer 236. The
r enai thewnah@m%atw@airan@ﬁmdhg stat &Igd‘aéfprﬁaé?htfh%ﬁe of the digital
transferred to FI FO buffer 236 prior to the next
subs edatasymbmik eBirgieghalmarker ofQOEGt thd beginairgf bourdary of a frame
the digital data synbols fromthe FIFO buffer 236

cont i giukgitatidata aﬁmbw,ﬂme rarkéras fsyacenied t3 thé ttdM@mitter clock
VCXO 239 while t anmount of digital data synbols

retai I j : :
Lover e o pem ﬁqﬁ hE ST OfERRIYE g REnsmiter and
amount._of ata nb eed

a- dpediel bkr n i Brafd o REES el or bt data
signals 240 are propriately activated to indicate

the |pols hﬁee‘?C%%'h%E%ﬁ framegihe tming; btwesa ig marker

or decrenents the voltage control word 243 to cause to
causesigmals i8 gisodixedmarehlacked toafrequency dattis ai sub-mattiple of the
or decrease the VCO control voltage 242. The VCXO 239

will ttdregmittectloake or decrease the frequency f of the

Read C ock signal 241.\Wen an increase in the anount
of digital data synbols present in the

[0068] Returning now to Fig. 6, upon receipt of a marker signal 242, the
buffer control circuit 210 initiates the transfer of the frame of digital data
symbols to the FIFO buffer 236. Since there is no real indication or control of
the difference between the frequency of the transmitter clock generator 135
of Fig. 3 and the frequency f; of the receiver clock generator 220, the transfer
of the frame of the digital data symbols must occur between two marker
signals 242 as shown in Fig. 8b. To guarantee this transfer, the buffer
control circuit 210 initiates the transfer of frame of digital data symbols by
relatively simuitaneously transferring the first two digital data symbols $1 and
S2 from the buffer 215 to the FIFO buffer 236, as shown in Fig. 9. The
remaining digital data symbols 83, ..., Sn of the frame are transferred serially

at the frequency f1 of the receiver clock generator 220. When the level
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FI FO causes the Upper Limt UL1 FIFO indicator signal
240 to be activated, the VCO managenent circuit 237

wonere@®18s t he voltage control word 243 such PpOoagB10h&002783

digital -to-anal og converter causes the VCO contr ol

vol tage 246 to increase, thus causing the frequency f
2 to increase. This causes the rate of consunption of
the digital data synbols fromthe FIFO buffer 236 to
i ncrease. The VCO managenent circuit 237 nonitors the

activity of the ELEFO i.ndjcator, si 40,4.0.

det er'ﬂé'ﬁ@m& signahi2é ﬁtln%lpa{%ghe{]@ﬁd%‘}ﬁqgwﬁ%r %%l?rﬁalgff‘" (the half full
digital data synmbols present within the FI FO buffer

236. indicates “efgsactiven, theVCQ@management cirglit 23¢ aactivates the Start
signals 240 indicates that the amobunt of data present

wi t hiViC Oheigiral 2a4blof Start tR8 ¥/ X ©1239%drqreddetthe RdaukeClock signal 242
Limit ULl , the VCO managenent circuit 237 increnents

t he vglth@geF O VP 2360t bEdia the sGradffing BEtHe dighantata 'symbols
to I ncrease agal n to Increase the rate of consunptlon.

Al ter id L Jonar. Lin {:{#‘, t FI FO
i ndi cﬂaégﬁkff%r%ﬁosmgig@?%%?ﬁé@ at&{%eéagr'munt of
data present within the FIFO buffer 236 no | onger

exceeds the Upper Limt UL1, but the half full )
[PR@YLat or The fHigital drtpisvmials SSrnd/ep GeatRyeiR ke transfer into the

circuit 237 does not change the voltage control word
243 drHO wefferr23fuenitd ihe comipletinnef the damse.aMyherathe aext marker
consunption. However, if the Upper Limt ULl of the

FI FO digsh] @adndigatizathe dtlctich oftheastare pattein, \tke fifst two symbols
i ndicate that the anmount of data present within the

FI FO t i
ﬂ&ﬁg :fsfzznf'@plé%?%gﬂe frefrt€ 8RS rhRSreHRBGb the 'FIFOLﬂhﬂffer 236. The

but t ndicator V2 F indicates that the
remaining digital data symbols 83 and Sn are then transferred to FIFO buffer

236 prior to the next subsequent marker signal 242.

[0070] The transfer of the digital data symbols from the FIFO buffer 236
continues with no change in the frequency f; of the VCXO0 239 while the
amount of digital data symbols retained in the FIFO buffer 236 remains
between the, Lower Level LL1 and the Upper Limit 1 UL1. Once the amount
of digital data symbols exceeds the Upper Limit UL1 or the Lower Limit LL1,
the FIFO indicator signals 240 are appropriately activated to indicate the
level. The VCO management circuit 237 increments or decrements the
voltage control word 243 to cause to cause the digital-to-analog converter
238 to increase or decrease the VCO control voltage 242. The VCXO 239
will then increase or decrease the frequency f; of the Read Clock signal 241.

30



10

15

20

gradi ent of the decrease of the amount of data present
within the FIFO buffer236 is too |arge, the VCO

woansgarest circuit 237 decrenents the vol t agePComB100$/002783

word 243 to cause the frequency f2 to decrease to

reduce the rate of consunption of the digital data

synbols fromthe FIFO buffer 236. [0072] If the

di fference between the frequency fi of the receiver

cl ock generator 220 is greater than the frequency f2

of _the Read O ock signal 241 such that the amobunt of

[80G1L al davhenyaripreagetinithe erount pddigiet datapaenbols gsesent in the
so that the Upper Limt signal UL2 of the FIFO

i ndi dAFQr causgsathe ekterilsmadiL v &ife@ indibatoveignah 249 ¢obetactivated,
circuit 237 changes the voltage control word 243 by a

dou bltﬁef\p@o%aﬁa@nén@élrdmezﬂ i‘h@k@ﬁéb{tsftﬁe Qblthhe cb’@ﬁ@ word 243

239 increases by a e increment. This cauSes

]‘fgg f’ ;%U?:'h' flgt {hreod]gttjéggco taiwrlé%aio \fért%sb%u%% 8@{5’ ‘Eoﬁfrola\/oltage 246

rese withint eFIFObuffer 236 to_fall
tovva 8 "t‘ E3RGI UP&PPS\“QJEF freyences F?a'ﬂﬁ@é?&ntﬁ’ﬁ FRysgs the rate
237 nmonitors the gradi ent of the change of the anmpunt

of diqficoasuatign mﬁ;d@tﬁi@@f@rﬁymmlﬁfr@mﬂ@EIF;Q)bytfer 886 to

236. |If the gradient of the change of the anobunt of
t he dngicaak. ddedV/CPnnahagémenboirtuit 27 mdmitodXbe activity of the FIFO
managenent circuit 237 decreases the voltage control

wor d iR4idata? sigheie 200 2o HERSHANE ¥ dradiept BEHeedHehgeliRitie amount of
slows the consunption rate of the digital data syrrbo S

fromg ﬁal'ﬂa%? 2?1%5[?;?:%3@{“ \[VRI%%F\M?B lﬁjf%‘?ciﬁaﬁﬁtriﬁygger Limit

t he anount resent 1n't

S:J;Lglﬂl-isgﬂl aﬁ@? op cator S|gnaf§ ﬂ(} mlalcatele:sl E\gt 'tr?ed égn%tu%!i of data

present within the FIFO buffer 236 still exceeds the Upper Limit UL1, the
VCO management circuit 237 increments the voltage control word 243 to
cause the frequency f; to increase again to increase the rate of consumption.
Alternately, if the Upper Limit UL1 of the FIFO indicator signals 240 indicates
that the amount of data present within the FIFO buffer 236 no longer exceeds
the Upper Limit UL1, but the half full indicator Yz F is activated, the VCO
management circuit 237 does not change the voltage control word 243 and
the frequency f, maintains a constant rate of consumption. However, if the
Upper Limit UL1 of the FIFO indicator signals 240 is no longer active to
indicate that the amount of data present within the FIFO buffer 236 does not
exceed the Upper Limit UL1, but the half full indicator %z F indicates that the
gradient of the decrease of the amount of data present within the FIFO buffer
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activated, the VCO managenent circuit 237 decrenents
the vol tage control word 243 such that the

wdi2giet0a297s o- anal og converter causes the VCO coRCTAB2005/002783
vol tage 246 to decrease, thus causing the frequency f
to decrease. This causes the rate of consunption of
the digital data synbols fromthe FIFO buffer 236 to
fall. The VCO managenent circuit 237 nonitors the
activity of the FI FO i ndicator signals 240 to

det er rad| the chan aount o

i g 1240 BPetadie 1% VG LERPSRTSIT iriub 287 MECiiheRis the voliage
236. If the Lovver L|mt LL1 of the FIFO indicator

si gnasante] avard ddsdecaush dbe freguansifr tosteciease o iespe the rate of
within the FIFO buffer 236 still exceeds the Lower

Li m tcansumptidmeoAtDe digitad gateesymbolsdir tR8 Flioe duties 286.

the voltage control word 243 to cause the frequency f2

to decrease again to decrease the rate of consunption.

[6bY e[ nat el f ¢hd HlfFeP&de%@(Webhrfhé flléqjde%%*fﬁéf iﬁb':chelver clock

|nd| cator si gna s 240 1 ndicates that the anount

G R B ] S sk st 2
e e S SRR Bt 230 s

243 and the frequency f maintains a constant rate of .
conswsipthad the Hppev bimit signahULRxfdhe EilnPtindicatossigniads 240 is
FI FO i ndi cator signals 240 is no |onger active to

i ndi cadtivatdthtthé ME@mandgeniertatireuji 233 asitanget tha vblt@ge control
FI FO buffer 236 does not exceed the Lower Limt LL1,

but  therdP4s bgleﬂ doldlE FAAbPEuCKthat tHEregl&sc a?fﬁf thé@¥CXO 239

gradient of the decrease of the ampunt of present

10 W' t hi lﬂcﬁ%‘%eglb': Q BYlbIE InGRfhdrt. 1A% LAIRE thyb%ngmptlon from the

FIFO buffer 236 to increase at a faster rate to cause the amount of digital
data symbols present within the FIFO buffer 236 to fall toward the half full
level. The VCO management circuit 237 monitors the gradient of the change
of the amount of digital data symbols present within the FIFO buffer 236. If
15 the gradient of the change of the amount of the digital data symbols is too
large, the VCO management circuit 237 decreases the voltage control word
243 to cause the frequency f, to decrease. This slows the consumption rate

of the digital data symbois from the FIFO buffer 236.

[0073] When a decrease in the amount of digital data symbols present in the
20 FIFO buffer 236 causes the Lower Limit LL1 FIFO indicator signal 240 to be
activated, the VCO management circuit 237 decrements the voltage control
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circuit 237 decrenents the voltage control word 243 to
cause the frequencyf2 to decrease to reduce the rate

wohowmmazaspti on of the digital data synbol s frearaBmos/002783

FI FO buffer 236. [0074] If the difference between the
frequency f | of the receiver clock generator 220 is
greater than the frequency f2 of the Read O ock signal
241 such that the anmount of digital data synbols
within the FIFO buffer 236 falls so that the Lower

Limt,_ si LL he,. E| FO i ndi cat or si gnals 240 i

ot | vABIE2R3 S0 it bR Ridialie-=Bp ke dhedls? BAlifes e o contro
vol tage control word 243 by a doubl e factor such that _

the fYQR9ER4P to decrepgeine cagsingdbe dipsiiensy fatogdeasease. This
decrenment. This causes the consunption fromthe FIFO

buf f e¢alEd6 the rdtecokcsuatptionf afthe digital dataosyrahels ftdme the FIFO
anount of digital data synbols present within the FIFO

buf f epufRAR360td falll THeWACO mbRafembnt birduit 3B monliees MeQactivity of
managenent circuit 237 nonitors the gradient of the

T IR P el TR Bhange v

oo PrGnt PFuBRRHi Ryglels Oredeh Lyt Be VER hdterzse. iFthe
the vol tage control word 243 to cause the frequenc

;
to deePwaisimitthi-d of gk RQ indicaian pgnaln24Qitndicstes fhét the amount

digital data synbols fromthe FIFO buffer 236. [0075]
The iGlatapageendrwithin thel FtFQ 3nffen2d6 stit exceeds ther lsowerelimit LLA1,
FI FO i ndi cator signals 240 to determ ne the anount of

di gi tthle M@Oamapagemenptieqdn23iebiemdrts tie Fotdys Etitrol word 243

236 and the gradient of the change in consunption of
to cause the frequency f, to decrease again to decrease the rate of
consumption. Alternately, if the Lower Limit LL1 of the FIFO indicator signals
240 indicates that the amount of data present within the FIFO buffer 236 no
longer exceeds the Lower Limit LL1, but the half full indicator 1/2 Fis
activated, the VCO management circuit 237 does not change the voltage
control word 243 and the frequency f, maintains a constant rate of
consumption. However, if the Lower Limit LL1 of the FIFO indicator signals
240 is no longer active to indicate that the amount of data present within the
FIFO buffer 236 does not exceed the Lower Limit LL1, but the half full
indicator Y2 F indicates that the gradient of the decrease of the amount of

data present within the FIFO buffer 236 is too large, the VCO management

circuit 237 decrements the voltage control word 243 to cause the frequency
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the digital data synbols. Fromthe FIFO indicator
signals 240 and thecal cul ated gradi ent, the VCO

woansgarest circuit 237 adjusts the voltage coRCTAB2005/002783

word 243 to cause the frequency f2 of the Read C ock
241 to maintain the level of the anount of digital
data synbols within FIFO buffer 236 at approxi mately
the half full level (Y2 F). [0076] The nunber of bits
n of the voltage control word 243 provided to the

digital-to-anal o onverter 238 essenti.ally determ nes )
the. sEo RrPass B RS e el Sheagamibnn st thS 4EiE! 9 symbois
an inplenentatio f the preferred enbodi nent, the

Vol t a5 Qeter 236 has 3 bits al | ow ng ei ght

i ncrenment of the control voltage 242 fromthe

digital -to-anal og converter 238. The sensitivity woul d

[O74igpr ovelf thy diffdrente betviedr the frequdniey fy of o ceiver clock
control word 238 that woul d have 256 increnents of the

cont r gbn@kdreg) B4frealetthiiethe ﬁ@&u&#ﬁyjﬁrof the REER élgéﬁgignal 241

i ndi cation signals 240 could be increased to provi

1ot kARt SBACEAY bPghl 5 PP Rl WA bl 296 fas
inabl 0t 4ae LPHERL RS A LE2H AR Inglepier sianalm 240 i
start pattern, the buffer control circuit 210 destroys

the raelbaieddhaMGOananagement cipuit?37 ehangesi the voltage control

characters within the buffer 215. The null characters,

when wosh242 byerdbubleactel EGCi tHdt ¢he 3Guensy fiof the W&EXO 239
the FIFO buffer 236. The VCO managenent circuit 237

o e apatbep eomle RTINS AULERAR o fpon from e

C ockr) plifliS236 to decrease at a faster rate to cause the amount of digital
data symbols present within the FIFO buffer 236 to fall toward the half full
level. The VCO management circuit 237 monitors the gradient of the change
of the amount of digital data symbols present within the FIFO buffer 236. If
the gradient of the change of the amount of the digital data symbols is téo
large, the VCO management circuit 237 decreases the voltage control word

243 to cause the frequency f, to decrease. This slows the consumption rate

of the digital data symbols from the FIFO buffer 236.

[0075] The VCO management circuit 237 constantly monitors the FIFO
indicator signals 240 to determine the amount of digital data symbols present
within the FIFO buffer 236 and the gradient of the change in consumption of
the digital data symbols. From the FIFO indicator signals 240 and the
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deactivating the digital-to-anal og converter 245
causi ng the audi o anal ogsi gnal 250 to be nuted. Wen

woOheoepzookr oni zation field and the start pattePaTAB®05/002783

reestablished, the digital data synbols are then
transferred as above descri bed. [0078] Refer nowto
Figs. 7a -7d for a discussion of the nethod for the
communi cation of digital data synbols of this

i nvention. The steps for the nmethod of comuni cations

for the digital data sy s are perfornmed at

essentalgyl ageel gragéend; ’ih@e\/ngg} mapagement pscyib2d7 aijusts the voltage
established by the transmtter clock 300, the rate

(fi) esnted)ivwart@43dp aansertbe diegeency &caf the Reaxh@lddke241 to maintain
rate (f2) established by the jitter managenent cl ock

500. {Hedesélaiishé amdumt of digiaitata syinisdls Withil FeF O duffer 236 at
data synbol s of the nethod of comruni cati ons begi ns by

sanpl h5eoin ABRY 18 r%lf%ﬁ'lexié?é%q?‘ﬁ' re (Box 305) the

digital data symbols err etection and
correction code is generated (Box 310) and appended to

DRZAT' Dt o Tas BuEeEkT By3 5 1o Hoflaas entfolai Bhaspravided to the

detection codes to be enhanced by Freventln

cor r upgitelforanaley seavrrierAi8 %Qﬂﬂtlﬁ Y Hetegminesthedsansitivity of the
synbols. The interleaved digital data synmbols with the

at t enjitertmanagemeldt it 286 hnan inpleandntatiore ofihe preerred
serialized and formatted (Box 320) as described in

Fi g. énboah%m%ea}dlté@@ crrol Word B8 tha3i Dbt hbiISRING eI?ht increment

symbol s then nodul ate (Box 325) a transm ssion signa

Int te%%{gﬁ ol 05l R h%lmgﬁﬁrtbaé g?égpdc&werterns The

forma ata sy enco
Four gens Mtf}o ould Ba improved by selecting 8 bits for the voltage control word

238 that would have 256 increments of the control voltage 242. Further, the
number of FIFO level indication signals 240 could be increased to provide a

finer grained indication of the FIFO level indication signals 240.

[0077] If the modulated signal 150 is too severely corrupted that the
Start/Stop circuit 225 is unable to determine the synchronization field and the
start pattern, the buffer control circuit 210 destroys the recovered data and
placed appropriate null characters within the buffer 215. The null characters,
when transferred to the FIFO buffer 236, act to flush the FIFO buffer 236.
The VCO management circuit 237 interprets this as an error (Empty indicator
E is activated) and causes the VCXO 239 to stop the Read Clock 241 thus
deactivating the digital-to-analog converter 245 causing the audio analog
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nodul ati on schene, as descri bed above. The nodul at ed
signal istransmtted (Box 330) to a transm ssion

waordicazwsich as the at nosphere for conveyance POTAB2005/002783

receiver. The steps for transmtting the digital data
synmbols within the nodul ated signal (Boxes 305 - 330)

are all synchronized by the frequency ft of the

transmt clock 300. [0079] The nodul ated signal is

recei ved (Box 405), anplified, conditioned, sanpled,

and decoded (Box 410) to recover the digital data
synbo$ignah2R0 tnhe Mmuyigd oMVher thepsncirerizaligmfieldrang the start pattern
sanpling rate that is a factor n tinmes the frequency

f 2 of anehreestaldished, thealigital 0@ta Srinbolsaarg!thag tr@insfamed e above
determ nation of the transitions within the nodul ated

Si gnadlesoiibegh are then decoded to recover the digital

data synbols. The recovered digital data synbols are

then placed (Box 425) within a buffer, which retains

I git t |.s-for further processing.
9B3f" aneonef Rt Pisorared i § A RER I RB og for the
exam ned to, detect (Box 415) the synchronization field
and s@%m%%?@nrpf@ﬁ@?ﬁ datp %vmhpﬁ FffaistinyeRtiProf Thenateps for the
recovered digital data synmbols. Upon detection of the
synchmnethathet eommusicaitiand feribedtigital data symbplsaarerpariormed at
mar ker is generated (Box 420) to denarcate the

begi nessemtiafly threealiffereht tdtes dithe rate (firestadyished By the transmitter
[0080] The digital data synbols are extracted fromthe

buf f eglogindogeingl afd V@a&l%&%eﬁ%cé&%%%gﬁm, and the rate (f,)

correct order of the digital data synbo

de! ot SRR S5 AR Iod 800 N8 o e

43%) ttré)nscrr?ﬁtgnegcéf t%re]ydigei{e{l %{a%a ts{l]r%ols of the method of communications
begins by sampling an analog signal to acquire (Box 305) the digital data
symbols. An error detection and correction code is generated (Box 310) and
appended to the digital data symbols. The digital data symbols are then
interleaved (Box 315) to allow the error and detection codes to be enhanced
by preventing corruption of adjacent data within the digital data symbols.
The interleaved digital data symbols with the attendant error detection and
correction codes are serialized and formatted (Box 320) as described in Fig.
5. The serialized and formatted digital data symbols then modulate (Box
325) a transmission signal. [n the preferred embodiment, the serialized and

formatted digital data symbols are encoded using a four-pulse position

modulation scheme, as described above. The modulated signal is
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may have occurred during the transm ssion of the
nodul at ed signal. [0081] A check for the occurrence of

woheosfoszate mar ker signal is perforned (Box 440pCThB2005/002783

there is a marker, a read address counter x is

initiated (Box 445) to control the transfer of the

frame of digital data synbols fromthe buffer to a

FI FO buffer. The FIFO buffer is tested (Box 450) for

the presence of any digital data synbols in the FIFO

buffer. At the beginning of a transfer of the digital

dat a &gngyitied &Br?érg?é’-%t@ iEARSRisEIRN raadiym suebps the atmosphere for
present in the FIFO buffer. The digital data synbols

poi nt eenvieyabgeth @ neseiveaddhe stepsdontransmitiing the digital data symbols
transferred (Box 455) fromthe buffer to the FIFO

buf f ewithifltae rh&dulbtdd signaisBokes 306st330) AR ali4§RAthidnized by the
the FIFO buffer has reached a threshold ( full). If

the t @1% reached, the read

addre@é couﬁé?ﬁﬁglﬂm??@gﬁte "(Box 465) to point to

the next address and the next digital data synbol is

r ferre Box, 465), t.o the FlI FO fer. . The FLF .
I907BE: ©! < “TreRoulel g iS ssiebio domeaialiien. eonditioned,
amount of the digital data synbols in the FlIFO buffer

have $aapleddand emd@dﬁangmghb wicgveathegdigialsiath symbols. The
are then extracted fromthe FIFO But sinultaneously,

t he remdplnglofthe modolatéed gighal hawa samgliag raBothad 82 factor n times
point to the next address and the next digital data

sy mbofhel fheduchay e bf 8 (Beivef éfdckigdot hﬁqiElsﬁﬂmiﬁpfaﬁlﬁgs the

The read addreSs counter is tested (Box 475)

total 34 ﬂati#)ﬂ)of?lf&e %%EFﬁéﬂ%@Birﬁﬁ\t@ame{%?&g P@%@L&ﬂ'xich are then

frane T Stransterre urfer.

SynJoocllescoh e\életonr%%mt/)eeret etc{i&{]aﬁ fci(ai{aIr gygmbols. The recovered digital data

symbols are then placed (Box 425) within a buffer, which retains the digital
data symbols for further processing. Simultaneously, the recovered digital
data symbols are examined to detect (Box 415) the synchronization field and
start pattern embedded within the framed of the recovered digital data
symbols. Upon detection of the synchronization field and the start pattern, a
frame marker is generated (Box 420) to demarcate the beginning of a frame

of the digital data symbols.

[0080] The digital data symbols are extracted from the buffer and
deinterleaved (Box 430) to recover the correct order of the digital data

symbols. The deinterleaved digital data symbols then have an error
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the read address counter x is increnented (Box 480)
and the digital data synbols transferred (Box 470)

worawmtasbuffer to the FIFO buffer until all Po®1B2005/002783

digital data synbols of the frame are transferred.
[0083] At the reception of the next frame marker, the
read address counter x is initialized (Box 445) and,
since the FIFO buffer is not now enpty, the next frane
of digital data synbols is transferred fromthe buffer

toth | EO buffer cause the fre nc t of t

t ¢ ans HFIECGPB ALL L9 oR Y Osas ahRed i 43¢) gR PpigcERny ermors that
phase to the frequency fi of the receive clock 400,

al | ofMayhavg %%{edd@wraﬁgsmm@sr@lssm@ffthampdﬁjgﬁedtmgnal
transferred fromthe buffer to the FIFO buffer in the

period of tinme between two of the frane markers. In

008 1pr ef er Aasheekifodthmendcupfenichict thefraath rrfa\melfélgﬁél% performed
digital data synbols are transferred fromthe buffer

to thesdyl k4P Uf frire 85 89RANRE | rédd%’dldr@@@ %Hﬁh’bér X dlg‘?nltlated (Box

nunber of di gltal data synbols to be transmtt

The 1 PASERIEnlrel e RS L PE e Hake ?ﬁ%ﬁﬂ?f@% ?V%Pglsﬁéom the
Gat o SyR0RE RS BUPan TR EQ Tlieiis etest g S80)Tor the presence

still be in keeping with the intent ofth|S|nvent|on
[ 0084pf Wﬁéﬁlgttﬁledatéﬁyf’fqt[{d& im#®) FIFEY buffer. Atthebeginning of a transfer
digital data synbols present within the FIFO buffer

i ndi cef the digital date samboty, tidredirginoadigidaltdata wyhmdls present in the
present within the FIFO buffer is greater than the

t( ggisggizc)ﬁ b%’géﬁofﬁ?@f%&? ﬁéf&} ?’?ﬁ?&g%’mtga th 'B:yghélrééc? Qddress counter
x are transferred (Box 455) from the buffer to the FIFO buffer. The FIFO
buffer is then tested (Box 460) if the FIFO buffer has reached a threshold (%
full). If the threshold level has not been reached, the read address counter x
is incremented (Box 465) to point to the next address and the next digital

data symbol is transferred (Box 465) to the FIFO buffer. The FIFO buffer is

then tested again (Box 460).

[0082] When the amount of the digital data symbols in the FIFO buffer have
reached the threshold, the digital data symbols are then extracted from the
FIFO. But simuitaneously, the read address counter x is incremented (Box
480) to point to the next address and the next digital data symbol is
transferred (Box 470) to the FIFO buffer. The read address counter is tested
(Box 475) if the total number (n) of the digital data symbols of the frame is
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synbol of the frame being transferred to the FIFO

buffer. The digital data synbols pointed to by the
woeem/azhds ess counter y is transferred (Box 502LTAiB1N3/002783

the FIFO buffer. In the preferred enbodi nent of this

invention, the digital data synbols are transferred to

a digital-to-anal og converter for conversion to an

audi o anal og signal that is applied to speakers.

[ 0085] The anmount of digital data synbols pr esent

¥Mhte hlﬁﬁg§fee£2hll$t€ E: fq)b@f@t{;ﬁ{r’%@tﬂ“e (ﬁyn?bég% {ﬁef\ﬁtof hgctalr? fransferred,

Lower Limt 1 (LL1) (Box 508). If the anount of

di gi t Bl @ada ﬁ%P@Ulﬂﬁé&ﬁtnqﬁﬁmﬁnm@M&%Mﬂw@rdlgﬁal data
nei ther greater than the Upper Limt 1 (UL1l) (Box 506)

nor | sgabolsaransiered@Box 4v0) from thelblffet BothesPHHQ baffer until all the
gradi ent of the consunption of the digital data

synbodigithr @efatyenfoI& 6F e frame\ge demstdrtecsuppl yi ng of
the digital data synbols to the FIFO buffer is tested

(Box 510). If ghe.gradlent indicates the net rate that

; @@ﬁa?gﬁ?f”éf\f’éhree"e%‘ebﬁén Pl e tRrie %ﬁ%%%é%d%“@%awumer X
supp! § el G4 a1 B FE B TaTe Pt ppBrempty, the next
management cl ock 400 is |ncreased or decreased

i ncr efiamez0f|djgital Zlata symbplsds trensfertas! tierytbaduifie o the FIFO buffer.
gradient. On the other hand, if the gradient indicates

t hat Batauss thedrequgicy dpof thewttarismit tloek B0Ors vt esacily equal in
the Upper Limt 1 (UL1l) (Box 506) or the Lower Limt 1

(LL. Deridder phaseee frelync/ e of tHel RiceiR
cl ockh%r(l)o irsbhel d const ant ncg gg The ?eag&%{ﬁggsa" of the digital

10 1S I NGEEEMIRSs bPie fdde rﬁugt Eé‘ﬁaﬁ%H’% #m the buffer to the FIFO

buffer in the period of time between two of the frame markers. In the
preferred embodiment of this method, two of the digital data symbols are
transferred from the buffer to the FIFO buffer essentially simultaneously. The
number of digital data symbols to be transmitted simultaneously is

15 determined by the frequency f; of the transmit clock 300 versus the frequency
f1 of the receive clock 400. Therefore, any number of digital data symbols
maybe transferred simultaneously and still be in keeping with fhe intent of

this invention.

[0084] When the test (Box 460) for the amount of digital data symbols
20 present within the FIFO buffer indicates that the amount of digital data
symbols present within the FIFO buffer is greater than the threshold, the read
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digital data synbols present within the FIFO buffer is
tested (Box 516) if the FIFO buffer is enpty. If it is

waaboedms7y, the set of next digital data synboPeTaBm®05/002783

transferred (Box 504) fromthe FIFO buffer. As |long as
the anmount of digital data synbols present within the
FI FO buffer are less than the Upper Limt 1 (UL1l) (Box
506) or greater than the Lower Limt 1 (LL1) (Box
508), the read address counter y is increnmented (Box

514) the digital .dat nbol re transferred (Box

504) ﬁ&gr‘ﬂssrﬁ?@ ryY giigite & X é@,ﬂbt&gm%trt@ thaifirgf dclgl’fa' data
transferred fromthe buffer to the FIFO buffer and the

FI FO symbel of thedrging beingelrandferred tothe FIFOD biuffeemphe digital data
the nmethod returns to start the process of receiving

( Box é@ﬁborsgmmmdubaiyetaeseg@ alddr¢d0eblintéihe is trassfarred{Box 504)
of digital ta synbols present within the FIFO buffer

is t eﬁbﬁﬁth@ﬁﬂF@Q@ﬁ’eﬁ Qh the bRstefte@@mMbodiRmt Bhﬁm%ﬂ%’htlon, the
Limt (UL1) and if found to be greater than

?PEZL@%‘@ %tat%iﬂ Y ¢ 1ARSEREHTE . ot gpatiaiag Bofverter or

transmt clock 300 a t her sedt0| crease, t he

cons RYEROPP AR ENaIds TanaHREARRIBAI0 P RKERe

FI FO buffer. The anount of digital data synbols

present in the buffer is first tested (Box 518)

®0&8&] er t hdhetameouwpd didifahdatesyrbh@ls présenthetrdnmbue FIFD buffer is
digital data symbols is not greater than the Upper

Li m t tedtdd M Dis gréted i m%tU[@éertLhmltC‘pme(de%B 0%¥) drhéss than the
digital data synbols fromthe FI FO butffer versus 't he

Sﬂl?]?lel}’b\ﬂg girtutégeq.g E&@O ﬁé@rg cglgﬁal dd ngmbols present

the r attﬁm t&eﬁﬂﬁﬁugﬂpﬁeﬁg nglrthér grea?er‘athan the Upper Limit 1 (UL1) (Box
506) nor Iess than the Lower Limit 1 (LL1) (Box 508), a gradient of the
consumption of the digital data symbols from the FIFO buffer versus the
supplying of the digital data symbols to the FIFO buffer is tested (Box 510).
If the gradient indicates the net rate that the amount of digital data symbols
present within the FIFO buffer are being consumed or supplied to the FIFO
buffer. If the rate of consumption or the rate of supply is too great, the
frequency f; of the jitter management clock 400 is increased or decreased
incrementally (f2 +/- i) (Box 512) to decrease the gradient. On the other
hand, if the gradient indicates that rate of consumption is within the
boundaries of the Upper Limit 1 (UL1) (Box 506) or the Lower Limit 1 (LL1),

the frequency f; of the jitter management clock 500 is held constant.
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of supply is not too great, the frequency f2 of the

jitter managenent clock 400 is increased increnentally
wORM060329783 (Box 522) to increase the rate of PCT/IB2005/002783

consunption of the digital data synbols. If the

gradi ent of the consunption indicates rate of supply

is too great, the frequency f 2 of the jitter

managenent clock 400 is increased by a | arger

increment (f2 + k) (Box 524) to decrease the gradient

ncrease the rate of consunption nore rap

@5%@53] Howkbercad pagrsSamisReT eniegi(Bax 54 anggﬁ@anpunt of

is greater than the Upper Limt 2 (UL2), the gradi ent

of t hdigitahrdatasymrols pregant within tie HE&bgv@bIeltesﬂedc(Box 516) if the

the FIFO buffer versus the supplying of the digital

dat a BiRthbuffet i drhptyFl IFRiDnbTf @hpiys tl@@é@ﬁbﬁn@&@@bx@@éta symbols
526). If the gradient indicates the rate of

cons ugmt - HRsr8frel QBOR@OQ bRt IEC Buffdt AQ{%@&@% amount of

t he frequency t2 of the Jitter managenent c

525) Ot adn e Pl by REREER birferforellese fanthe Upper

di gltal re drastlcall t he decrease

armurkmh T Box B0 oarmay i KidLower Fib LA bSox 508),
to prevent an overrun. If the gradient of the

consLigtread addiesseeunteny és icremuppleg (Boxt i) ginedthe digital data
frequency f2 of the jitter management clock 400 is

i ncr esgridolstare trameferreatt (dme 504)! Until hbandre dxg)tal(cﬁﬁa syAfhols are
to decrease the gradient and increase the rate of

cons
Cons i RgRrareTTon el ORIl B amET uter

is te é{fﬁ&ﬂ?@f&hg’cﬁé)ﬂﬁ@ b&%r@eln%‘ttf thg?ﬂettnga r%fmﬁg to start the

Limt

process of receiving (Box 405) the modulated signal.

[0087] When the amount of digital data symbols present within the FIFO
buffer is tested (Box 506) for being greater than the Upper Limit 1 (UL1) and
if found to be greater than the upper limit, the jitter management clock 500
has a frequency f; less than the frequency f; of the transmit clock 300 and
must be raised to increase the consumption rate of the digital data symbols
from the FIFO buffer. The amount of digital data symbols present in the
buffer is first tested (Box 518) greater than the Upper Limit 2 (UL2). If the
amount of digital data symbols is not greater than the Upper Limit 2 (UL2),
the gradient of the consumption of the digital data symbols from the FIFO

buffer versus the supplying of the digital data symbols to the FIFO buffer is
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found to be less than the lower Iimt, the jitter
managenent cl ock 500 has a frequency f2 greater than

woheosfoszgsiency ft of the transmt clock 300 an#CmiB100dHe2783

| onered to decrease the consunption rate of the

digital data synbols fromthe FIFO buffer. The anount

of digital data synbols present in the buffer is first

tested (Box 532) less than the Lower Limt 2 (LL2). If

the amount of digital data synbols is not |ess than ‘
the L r Lim (LL2), the gradient of the

consu%ﬁ?@kBB%‘ %?ﬁk h ité‘% pradignf indicaiasdhe rateraf eonsumption or the rate
buf fer versus the supplying of the digital data

symbolo§ supply lienel o0 great, dhe ifrequescieth dfBbe jiidAmanagentent clock 400
gradi ent indicates the rate of consunption or the rate

of suppingrésseddhcrennergabalf, +jhBdx S2RMclcdsafthe Mste of
jitter managenment clock 400 is decreased increnmentally

(2 - cbngurhBacn efthe &igité*lecﬁtggﬁ%btc}@ ff "[’ﬁéegf%{di?rhteof the consumption

consunption of the digita a synbol's.

gr adi . n i indi gates rate .of .su

737 o iseze B T P UG8 of R Fagtieb g of B fidh management
manage t. cl.ock 400 is decreased by a |arger '

i ncr eﬁgﬁp 4(0523 -'”Cif?a%%giy 538N dngertash sl g)a(%?@@l?@rip decrease
and decrease the rate of consunption nore rapidly.

[ 0090tha-gragiant andfingieasartbe nateaff adinguimgpliod aharesyapinty.s

is less than the Lower Limt 2 (LL2), the gradient of

the consunption of the digital data synbols fromthe

B0 " NSS! Qo Bl o ran e

b SpBERFHSLS (AL SHal A Sk A SAEBRL 3R g ot

the | {;%gé@’%ﬁc{‘@?ﬁ%@mo LK v%’s%si fRe SoShh g of the dloital data
symbols to the FIFO buffer is again tested (Box 526). If the gradient
indicates the rate of consumption or the rate of supply is not too great, the
frequency f; of the jitter management clock 400 is increased by an even
larger increment (f; + 1) (Box 528) to increase the rate of consumption of the
digital data symbols more drastically the decrease the amount of digital data
symbols within the FIFO buffer to prevent an overrun. If the gradient of the

~ consumption indicates rate of supply is too great, the frequency f, of the jitter

management clock 400 is increased still more dramatically (f, +/- m) (Box
530) to decrease the gradient and increase the rate of consumption even

more rapidly.
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(Box 542) to decrease the rate of consunption of the

digital data synbols nore drastically the decrease the
waners2os di gital data synbols within the Fl FecbuBioes002783

to prevent an overrun. If the gradient of the

consunption indicates rate of supply is too great, the

frequency f of the jitter managenent clock 400 is

decreased still nore dramatically (f2 - n) (Box 544)

to decrease the gradient and decrease the rate of

nptiopn,.even nore rapi dly. 091 ef er back,_ now

ogepy g. 7p NN @er%fa%mrfﬁjrﬂﬁ@i/a' i@%%% é&%@e S(ezenkwithiarthe FIFO

no franme marker is detected, the received data is

cor r ubtiféer iadested (Brx 08 far hwing lassithar theakeweotinihd (LL1) and if

data and the data is flushed (Box 480) fromthe FIFO

buf f efound telbentiesathart the lower lipite thedjitter. mama ent clock 500 has a

appl i cation such as playback of audio signals, the

di gi t pbq@ericy B YEMELF thaﬂﬁmeh‘ﬁecﬁle"n%?rffgf théQFéHs?rﬂﬁgI%EN 300 and must

To prevent distortion and undesirable tones, t
digit : t

5 the ool ARRII Rl ik B RRRoR ¥R e i Mg symbols rom
di o 1P RELPU ool RaoUpbSLIORAGHAtE RURSIA P EReat I the bufer is
signal are placed (Box 425) in the buffer and the
pr ocelyst fasted (RanbdR) lens tharyihediowen lami21di2). If the amount of

conti nues upon the detection (Box 415) of the start
pat t edigitall d#18 Zynibiuds suidtdessaimdnfhe Qower fLémit@s(LL2), the gradient of
descri bed naybe i npl enented as a random access nenory

Wi th theecorelhiptiondf thé Bighes 8at ShBEls Brody LRI buffer versus the
agroup of state nmachines. The group of state nmachines

10 imnpgr R rlg?g?ﬁ (t:rlﬁér g@;&%F@g%@i@ﬁ&ﬁ% bBfs: RR8¥Rd (Box 534).
If the gradient indicates the rate of consumption or the rate of supply is not
too great, the frequency f. of the jitter management clock 400 is decreased
incrementally (f2 - j) (Box 622) to decrease the rate of consumption of the
digital data symbols. If the gradient of the consumption indicates rate of

15 supply is too great, the frequency f; of the jitter management clock 400 is

decreased by a larger increment (f; - k) (Box 536) to decrease the gradient

and decrease the rate of consumption more rapidly.

[0090] However, If the amount of digital data symbols is less than the Lower
Limit 2 (LL2), the gradient of the consumption of the digital data symbols
20 from the FIFO buffer versus the supplying of the digital data symbols to the

FIFO buffer is again tested (Box 540). If the gradient indicates the rate of
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si mul taneous conflicts of access for witing and

reading to the random access nenory. For instance the
weoeizmslosza1gous transfer of the two sets of dat aPeymkmhs002783

within a frame are acconplished by two state nmachi nes

operating i ndependently but essentially

simul taneously, with the arbitrator circuit

determ ning which state machine wites the data to the

FI FO buffer [0093] Wiile this invention has been

articular sho an scr h refer e to
o et o PudlnattSh ihd Ble RERGRRY plioh et e Seuomy . of the
by thgse skill ed |n the art that various changes in
f or m Hiter Aengoememhglosk 40848 decransed kikpaeven rgebmcrement (F2-1)
the spirit and scope of the invention. [0094] The
i nven{Bon542himdecregsathestadé v cofhsumptiopof thegdigital data symbols
nodul ated signals, restoring said nodul ated signal,

reco natdreaztrasw:aslyrtb@ decrfaseitieé batosiatof didigmiag Qymbols within the
nodul at ed signal and synchroni zing said digital data

5 (0 a HEShuiel %ngﬂéi}%n? bﬁ%@rruﬁa'lﬂtr oﬁ@%bﬂé‘?{t}ﬁﬁi@&?ﬁ%dﬁ%tlon

ajltter managenent unit to sync

manag R e Y shBPRLBRGS ofet s wiienate o fhgiter management
devi ce which receives the reconstructed digital
and t PRREA00SS desregaeditiimoredramatically daran eﬁox §44) to decrease

further processing; a variable reference signal
gener theogradigniendedeareasd theRaoflavmsunsption even derecapidly.
to provide said first reference signal

[0091] Refer back now to Fig. 7b. If a frame marker is tested (Box 440) and

10 no frame marker is detected, the received data is corrupted and invalid. The
buffer is cleared of the data and the data is flushed (Box 480) from the FIFO
buffer to eliminate the corrupted data. In an application such as playback of
audio signals, the digital data symbols must be streamed isochronously. To
prevent distortion and undesirable tones, the digital data symbols must be

15 set to values that null the audio signal. Once the FIFO is flushed (Box 180),
the next start pattern is detected (Box 415) and the digital data symbols
recovered from the modulated signal are placed (Box 425) in the buffer and
the process of streaming the digital data symbols continues upon the

detection (Box 415) of the start pattern.

20 [0092] The buffer and FIFO buffer as described maybe implemented as a
random access memory with the control of the access being provided by a
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for synchroni zation of said digital data; and a
generator control circuit connected to receive a

woaodeas2998 gnal extracted from sai d nodul at ed siPgmaB2oasieh2783

in communi cation with the FIFO data retention device
to receive an occupation signal indicating an anount
of digital data present within said FIFO data
retention device and fromsaid nmarker signal and said
occupation signal creates a generator control signal

to cause an_adjustnent of said reference signal such o
that €ERWP of ?@lfer g}agﬁgﬁ%@e Theyeraupiof siatsdRaehines émplements the circuit
aignai aai'a io a tinning at which said digital data is

t r ansfindatiens a8 destrbed @beve e Anvdrbiiratpreitcditirasiobres any
conprising: an anplification and conditioning circuit
connesginsultdreouswainilicts bEatass, fopntiagapldaeblimg to the random
nodul at ed signal, said nodul ated signal being sanpl ed

at a gutddPmRnirya ﬁewéné@fﬁﬁﬁg@aﬁée@@kraﬁg@? o'fg‘?é two sets of

tra33|;|pns representing boun et ween :ts
dot echel SfthodRiirh stdne e 20 pBuEHLBY B st pmcnines
el ORPNOANde AR TR FSESHED SHAYABE Bty cwithsarbitator

retention circuit in comunication with said
circuit determining which state machine writes the data to the FIFO buffer.

[0093] 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 departing from the spirit and scope of the invention.

[0094] The invention claimed is:
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anplification and conditioning circuit to receive and

retain said reconstructed digital data and in
woamszoat i on with said FI FO data retenti on degirae2008002783

transfer said digital data to said FIFO data retention

device. 4. The receiver of claim3 wherein said buffer

data retention circuit has at |east one buffer

circuit, each buffer circuit retaining a grouping of

SRR R ool P ot
deinterleaving circuit in comunication with said ]
buf f SignebtreaeNSRIEINGYNebels of digiial datarfsonsaith siqdwated signal

digital data and to reorgani ze said digital data to an

or i giandl synehromizieg shidsgigiial datatto acfost ederemcy signady said receiver
created in transm ssion of said nodul ated signal, and

r epl @@mﬁr@mg{;eor gani zed and corrected digital data

within said buffer retention circuit. 6 . The receiver

of claim3 wherein the buffer data retention circuit

transfers _saj el Q ' : d .
et ont  on St dirdddtheiid biBhforis ine BhlipLata to the first
signal. 7. The receiver of c¢laim3 wherein the buffer
data r et ent i Sretencesianals saidilipEmanpacment ualt comprsing:
the FIFO data retention device until said FIFO data
retention device contains a first anount, where upon
sai d FlI FO dat a a[elFéhtatanredentioneddndgr mhidhordoeaesrthe
said digital data.

reconstructed digital data and transmits the synchronized

digital data for further processing;

a variable reference signal generator connected to the FIFO
data retention device to provide said first reference signal

for synchronization of said digital data; and

a generator control circuit connected to receive a marker
signal extracted from said modulated signal and in
communication with the FIFO data retention device to
receive an occupation signal indicating an amount of
digital data present within said FIFO data retention
device and from said marker signal and said occupation
signal creates a generator control signal to cause an

adjustment of said reference signal such that said first
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8. The receiver of claim7 wherein said buffer data
retention circuit transfers all synbols of the digital
wdavw/pzeesent between two marker signals to prec¢emB2005/002783
overrun of said digital data. 9. The receiver of claim
2 further conprising: a boundary marker signal
detection circuit in communication with the
anplification and conditioning circuit to receive the
reconstruct ed di getsienceasi@gnaf iIs@Eynsaiahizascsalg g gdia 10 a
digital data extracting the marker signal indicating a
boundary of synbaingingfea aitaciasgidaligiteardata &nanhgmitted.
comuni cation witn tne generator control circuit to
provi de said marker signal to said generator control
circeif. T : i im.1 wherein, if the
2'occugt’;1%irgég'g?rggﬁqléllﬁf]Eifeé@@%rgéqrﬁ%@éls 1d FlI FO data
retention device contains a second anount of the
digital data, the generator control signal indjcates,
that the gemarlfisalienand sonditioping ciiyitcansectas to receive,
adj ustnent to the second reference signal. 11. The
recei ver of restaren dndsampletheirhodulatastsigpal; said modukated
indicates that said FIFO data retention device
cont ai ns | essigididRiridsarpplenst amitigle of atseeodd gefedbnce signal

data, the generator control signal indicates that the

generat or coffchGhaCirdftlidnd éé@ﬁir@q%dlﬁidé'ﬁ% HeAwb B bits of

second reference signal to Increase the contents of
::Lgn g ! Z%S?éa?d &%‘it%l‘&ét%”w. fin'safd rl‘ﬁ%td'ullat'e(tj ng%%ﬁ gwaet%%'tedd and
said digital data is reconstructed and synchronized to said

second reference signal.
3. The receiver of claim 2 further comprising:

a buffer data retention circuit in communication with said
amplification and conditioning circuit to receive and retain said
reconstructed digital data and in communication with said FIFO
data retention device to transfer said digital data to said FIFO

data retention device.

4. The receiver of claim 3 wherein said buffer data retention circuit has at
least one buffer circuit, each buffer circuit retaining a grouping of said

symbols of digital data.
5. The receiver of claim 3 further comprising:
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12. The receiver of claim1l wherein, if the occupation

signal indicates that said FIFO data retention device
woamicaBgs gr eat er t han t he second anmount of thecdimsionsb02783

data, the generator control signal indicates that the

generator control circuit to cause adjustnent to the

second reference signal to decrease the contents of

said FIFO data retention device until it contains said

second anvpamiata t8ireéticiaéad demtanmeaang oifcEy B €&dfhmunication with
conprising: a transm ssion apparatus including:a franme

formatter to ¢ Bdfeticdittin drik tb%@eﬁé"th@ﬁeﬁnstrycted digital

synbols; a transmtter in comrunication

o ¢ R o R S BRI W il eauence
synbol s; and ecei vin aratus in conmuni cation

o h s o tr SRSHIERIS, 10 SpBEEA . SFaF Curatin I i smision of said
nodul ated signal, restoring said nodul ated signal,
reconstructi ﬂi@o@da’@ds?%ﬁil Qn@bf eplaee theyrearganiaed andararrected
sai d nodul ated signal and synchronizing said digital

data to a fi mdegital bt withim ssid)baffer sstentioreciecwii. ng

apparatus conprising: a jitter management unit to
synchroni ze the digital data to the first reference

6! 9nathe Fdivdr drlcBin B OMEPER the Waker APPSR circuit transfers

said digital data to said FIFO data retention device at a rate of the second

reference signal.

7. The receiver of claim 3 wherein the buffer data retention circuit transfers
said digital data to the FIFO data retention device until said FIFO data
retention device contains a first amount, where upon said FIFO data

retention device begins to transmit said digital data.

8. The receiver of claim 7 wherein said buffer data retention circuit transfers
all symbols of the digital data present between two marker signals to

prevent overrun of said digital data.
9. The receiver of claim 2 further comprising:

a boundary marker signal detection circuit in communication with
the amplification and conditioning circuit to receive the
reconstructed digital data, from said reconstructed digital data
extracting the marker signal indicating a boundary of symbols of
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a FIFO data retention device which receives the
reconstructed digital data and transmts the
weymmlsziszed digital data for further processPagIB®05/002783
vari abl e reference signal generator connected to the

FI FO data retention device to provide said first
reference signal for synchronization of said digital

data, anda generator control circuit connected to

receive a , salk@gnaiqaial amxtr cunevinicanonsaiidthe generator
nodul ated signal and in comunication with the FIFO

dat a retenti eontieMiicitito previde caicaPkariighalan ssid§éherator
i ndi cati ng an anount of digital data present within

sai d FI FO daggnfrstgriyiton device and from sai d marker
signal and salg occupation signal creates a generator
control signal to cause an adjustnent of said

ef erence signal. such that said first reference signal )
€ oyt rese " ot injRtein Bihe:0ec paton e dndiafibetinat said
said digital data is transmtted. 14. The data
commidFExdataretgniicardaice centains3 speons amowet ptthe digitel data,
apparatus further conprises: an anplification and

condithe genegator contrd! sigmaldadieatet ahatethei gamerator control circuit to

cause no adjustment to the second reference signal.

11.  The receiver of claim 1 wherein, if the occupation signal indicates that said
FIFO data retention device contains less than the second amoun’; of the
digital data, the generator control signal indicates that the generator
control circuit to cause adjustiment to the second reference signal to
increase the contents of said FIFO data retention device until it contains

said second amount.

12.  The receiver of claim 1 wherein, if the occupation signal indicates that said
FIFO data retention device contains greater than the second amount of
the digital data, the generator control signal indicates that the generator
control circuit to cause adjustment to the second reference signal to
decrease the contents of said FIFO data retention device until it contains

said second amount.
13. A data communication system comprising:

a transmission apparatus including:
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restore, and sanple the nodul ated signal, said
nodul at ed signal being sanpled at a nultiple of a

weoeeoawrd297&f er ence si gnal such that transiti onsPCT/IB2005/002783

representing boundari es between bits of said digital
data within said nodul ated signal are detected and
said digital data is reconstructed and synchroni zed to
said second reference signal. 15. The communi cati on

system of cl ai efidmetfereattert tbeericeaeidigittd dagp aitdsefies of
further conprises:a buffer data retention circuit in

comruni cati on w tsﬂ/nﬁﬁ{bg' anplification and conditi oni ng
circuit to receive andl retain said reconstructed
digital data and in comunication with said FI FO data

retention devi cet to transfer said jgit.gl} data to sai
FI FO dat a r et eftYYIPAEST EkCorpgu 1OF 1 medermatier to

system of claim 15 wherein said buffer data retention
circuit has at | g@seiveriiaerseriegof symbols andiensmifa modulates
circuit retaining a grouping of said synbols of

di gital data. 17.sighal cbahposszhofithecsariesof systbeis;eind

clai m 15 wherein the receiving apparatus further
conprises:: a data correction and deinterl eaving

circuit i%r%eci ' ér%fhs%tébn%ﬁhﬂicgﬂéﬁWithr{ﬁiﬁ%ingg}i]scfion

circuit to receiVve the reconstructed digital data
gg feor gani ngpsaarépusdfog 'a%&biri(rjlsttﬁle trr?o uﬁ‘atgals%nnail restoring said
quence
modulated signal, reconstructing said symbols of the digital data
from said modulated signal and synchronizing said digital data

to a first reference signal, said receiving apparatus comprising:

a jitter management unit to synchronize the digital data to
the first reference signal, said jitter management unit

comprising:

a FIFO data retention device which receives the
reconstructed digital data and transmits the

synchronized digital data for further processing,

a variable reference signal generator connected to the
FIFO data retention device to provide said first
reference signal for synchronization of said digital

data, and
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of synbols, to correct any error created in

transm ssion of said nodul ated signal, and replace the
woearegari7gsed and corrected digital data w thi nPe®ilB2005/002783

buffer retention circuit. 18. The data communi cati on

system of claim 15 wherein the buffer data retention

circuit transfers said digital data to said FIFO data

retention device at a rate of the second reference

signal. 19. The datg ggémufar%htr@nmw SSArftlctéd & fBctive a

wherein the buffer data retention circuit transfers

said digital data to the l@r %)ﬁjé?t tr‘é@fe%ér?lr]s%?dh?oedulated

until saia i-u-0 data re entl evi ce contains

tirst amount, where upon s id, FI FO data reteni
devi ce begins to transhP @%{}qjlnd?CﬁPmplC@gpg W'&Dﬁ‘eﬂfwlgo data

data conmuni cati on syst em of claim 19 wherein said

buffer data retention Eteriign deviemis ecgiva an ogaupatiorosignal
the digital data present between two marker signals to
prevent overrun of saiidditagingan atabant &f digitdltuata present within
comruni cati on systemof claim 14 wherein the receiving

apparat us further ConpééléfFﬂFoadélatﬂéféNMn%K/@aﬁd 8/ said
detection circuit in communication with

anplification and Condﬁ\%\#l@r'% 'arnﬁbg(#ldr éggﬁﬁgﬁcﬁgﬁg%reates a

reconstructed digital m sai

digital data extracting the, marker si | indicatin
boundary of synbols of I&HE%; “f |sng§@gto %eiqpadjgls?ment of

comuni cation with the generator control circuit to
provi de said marker sigmdireiesenes siggahsucht tbat said first reference

signal is synchronizes said digital data to a timing

at which said digital data is transmitted.

14.  The data communication system of claim 13 wherein the receiving

apparatus further comprises:

an amplification and conditioning circuit connected to receive,
restore, and sample the modulated signal, said modulated
signal being sampled at a multiple of a second reference signal
such that transitions representing boundaries between bits of
said digital data within said modulated signal are detected and
said digital data is reconstructed and synchronized to said

second reference signal.

15.  The communication system of claim 14 wherein the receiving apparatus
further comprises:
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control circuit. 22. The data comruni cation system of

claim 13 wherein, if the occupation signal indicates
woOhaie/iszi78] FI FO data retenti on devi ce cont ai nsParsgmosieh2783

anmount of the digital data, the generator control

signal indicates that the generator control circuit to

cause no adjustnent to the second reference signal.

23. The data comuni cati on system of claim 13 wherein,

i f the occypaffeotatai refsttiontiicaR e somhdinicatich With Qafat a
retenti on device contains |ess than thesecona anouni

otne aignai affdinichilsh 40 BLAYBENAGNIICR: 13 r884ke and retain said

i ndi cates tha e generator cont clrcu

adjustnent to the.seco reference .signal t.o jncrease,

t he contentsr%qor?giuﬁgef—iln%@t%éfa&a @éﬂt&&?{“%@? N Wihjsaid FIFO
it contains said second anount. 24. The data )
comuni cat i oAatE/atentsy devige i rgnsige paiddigital data to said FIFO
occupation signal indicates that said FlI FO data

retenti on dedatseretentici dsvigg.eat er than t he second

anount of the digital data, the generator control

signal indicates that the generator control circuit to

1BRUS eTRIf At B uhRatiBR sYSEPNEf ERIAMS \WReid 84l Butfer data
decrease the contents of "said FIFO data retention

oo SRR o OB O SR R B iy retining
for digital da{a, | ocke tfo .a.fié{ét ref_erence _period
to bé& &qoblgmo $AI19 Sy ol dgitldAR. period, said

recei ver conpri sing:
17.  The data communication system of claim 15 wherein the receiving

apparatus further comprises::

a data correction and deinterleaving circuit in communication with
said buffer retention circuit to receive the reconstructed digital
data and to reorganize said digital data to an original sequence
of symbols, o correct any error created in transmission of said
modulated signal, and replace the reorganized and corrected

digital data within said buffer retention circuit.

18. The data communication system of claim 15 wherein the buffer data
retention circuit transfers said digital data to said FIFO data retention

device at a rate of the second reference signal.

19. The data communication system of claim 15 wherein the buffer data
retention circuit fransfers said digital data to the FIFO data retention
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a FIFO data retention device which receives the
digital data clocked at the first reference period and

wonresdreed78 t he synchroni zed digital data at thecsaeBmng002783

reference period; a variable reference signal

generator connected to the FIFO data retention device

to provide a clock having the second reference period

for synchronization of said digital data; and a

generdcevage cuitsad W catd ratemicatdevddce conenes adirst amount, where
mar ker signal indicative of a beginning of groupings

of sypRl Sai@FiFei dhtdirgichtibd dedicalskdins PG 3hiPigital data.
with the FIFO data retention device to receive an

occupation signal indicating an amount of digital data

2 om i Bt Softatih Sy of GoFAsRnPEl SFigfrer dato
2l oSBT GITCUR S A YRS ALINSCIO A L Prasent betweern

cl ock signal having the second reference period

sy nchwormagker signalsitgpreyentiaverryroof srid shgital dataf er ence
period. 26. The digital data synchronizing circuit of
claim 25 wherein said digital data is transferred to

2he RiHeQistatconitliBRiatien s§siens 6f Sl 11458hérei e fakfiing

retention device contains a first anount, where upon

sai daflplé tg' LAk &t blq device begins to transmt
&gl al’ dat a. .

sai d e digital data synchronizing
circuit of claim26 wherein all synbols of

a boundary marker signal detection circuit in communication with
the amplification and conditioning circuit to receive the
reconstructed digital data, from said reconstructed digital data
extracting the marker signal indicating a boundary of symbols of
said digital data, and in communication with the generator
control circuit to provide said marker signal to said generator

control circuit.

22. The data communication system of claim 13 wherein, if the occupation
signal indicates that said FIFO data retention device contains a second
amount of the digital data, the generator control signal indicates that the
generator control circuit to cause no adjustment to the second reference

signal.

23. The data communication system of claim 13 wherein, if the occupation
signal indicates that said FIFO data retention device contains less than the
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the digital data present between two marker signals

are transferred to FIFO data retention device to
wonrews@maro7ever run of said digital data. 28. TherdiaB1oa$/002783
data synchronizing circuit of claim25 wherein, if the
occupation signal indicates that said FlI FO data

retention device contains a second anount of the

digital data, the generator control signal indicates

t hat Sdvengeamee@NicIT 106 MJIE aaia, aie genterariusEra signal indicates
adj ustnment to the second reference signal.29. The

di gi ttaht thet gerfaratiticontral digcuit tocdsvise eidjwdtaient Z5the second
wherein, if the occupation signal indicates that said

FI FO ?ér@n&@%?g‘?l;ail Win@?ééééeth%@gngt?égﬁﬁ ok 8R! Flﬁiﬁ‘gé{éeretention

second anount “of the digital t he generator

control .si l.. i ndi.cat erator control

ci rcLf%wcfeog@@d%eé&ﬂéﬁ%sﬁeaﬁ%%gé%& 5'%89@ cond reference
signal to increase the contents of said FIFO data
retention device until] it contains said second anount.
2h. THee dalgi eanmyaicationrrysiam iof clagm didr wherein st tieepestupation
if the occupation signal indicates that said FIFO data

r et ergigal indicaies thahsaid FIF O dsth eetentian delvizesemaitls greater than
anmount of the digital data, the generator control

si OnaheigedbRALRTUMNYT thdBiRENEARAL e SOVERIr dan;tr@ygfgnbp

cause adjustnent to the seécond reference signa

decr qﬁ&ﬁa{é&ﬁh?ﬁﬂ%ﬁ%ﬁerﬁo&%@ng’oF &Fc(altgtﬂgc%éf&%aed?@ét[}{én'&to the

devi ce unti al NS sal d sécon
met hod for, synchronj zi igital ,data ti b ock
el bRt rstrenes Righel fhitdterse i eoepiB e B Hata
a clock wth a second period,

retention device until it contains said second amount.

25.  Adigital data synchronizing circuit for synchronizing for digital data
clocked to a first reference period to be clocked to a second reference

period, said receiver comprising:

a FIFO data retention device which receives the digital data clocked
at the first reference period and transmits the synchronized

digital data at the second reference period;

a variable reference signhal generator connected to the FIFO data
retention device to provide a clock having the second reference

period for synchronization of said digital data; and

a generator control circuit connected to receive a marker signal
indicative of a beginning of groupings of symbols of said digital
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conprising the steps of: providing a FI FO data
retention device; transferring said digital data into

wealw/BE®O data retenti on device with the cl ockCniiBives/002783

the first period; transferring said digital data from
said FIFO data retention device with the clock wth
the second period; nonitoring an occupation signal trom
saia i- ii-u data retention device indicating an

amount of di gidtalandah @oRTeSEBAtION Iufth Ihé FIFORIHtLréRhAon device
retention device; nonitoring a marker signal

1 eati ng, 2 1BougaaE U eloBaflod A ABRafha W dmount of digial

di gital data; and depe uponoccup

sai d marker sj gnal [ustin j | ock of sajd.

second peri o&ja?%8&%@&‘6@r}%gigi‘ﬁggo‘?%}ﬁrﬁten&'&f‘ade("&?es%'i’qjfr om
second clock period. 32. The method of claim3 1

wher ei n t r an$PEF MEREETsHgRAl @Gl $aid ogaupation sigealreates a
data retention device occurs until said FIFO data

retenti on degeperatoncantnal sigrial ts taaseantadjwdterent opsaid
transferring said digital data fromsaid FlI FO data

retention devief@eenh@éi?ﬁal sikh thaesamtdisek S§nsl Rvihgdthe second
wherein all synbols of the digital data present

bet ween two 'F@f(e'fé{ce;b% %ﬁﬁoﬁi&?ﬁ%&ﬁﬁ@%ﬂt%@ tB%e 88cond

of tinme between sal ers

retention deYéf%?eﬁcoe Ig)errclsa/ae_nt overrun of said

26.  The digital data synchronizing circuit of claim 25 wherein said digital data
is transferred to the FIFO data retention device untif said FIFO data
retention device contains a first amount, where upon said FIFO data

retention device begins to transmit said digital data.

27.  The digital data synchronizing circuit of claim 26 wherein all symbols of
the digital data present between two marker signals are transferred to

FIFO data retention device to prevent overrun of said digital data.

28.  The digital data synchronizing circuit of claim 25 wherein, if the occupation
signal indicates that said FIFO data retention deyice contains a second
amount of the digital data, the generator control signal indicates that the
generator control circuit to cause no adjustment to the second reference

signal.
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digital data. 34. The method of claim3 1 wherein, if
the occupation signal indicates that said FIFO data

woeb@ris2os devi ce contai ns a second anpunt of POEIB2005/002783

digital data, not adjusting of the clock with the
second period.35. The nethod of claim3 1 wherein, if
the occupation signal indicates that said FIFO data
retention device contains | ess than the second anpunt

ft di.gital ,data, adjusti.ng.of: th ock w t he .
28 condesitaldat SR CREEdnaidh 25 8Mbathy f theBcoupation
period to increase the contents of said Fl FO data
r et efignehingisates thaisald FiF(Q gatareiention deves 6aptaing (@ss than the
36. The digital data synchronizing circuit 3 1

wher second aintdunt ot thepdipitalrd ata givel geénedatoaicontrohgignaldndicates
FI FO data retenti on device contains greater than the

secomshtane yehefitot bentebGircalt telahase adjusthenigtothetdeeond
cl ock of the second period to cause adjustnent to the

Cl oCKettid ftd lignafiBaRcteBEE ksl chfteARCEREAE FIPE dA8kERton

a retention device until it contalns
sai d ;second unt .. 37,. Q recei ving digital
dat ad??’@ﬁs‘fﬂtﬁl@"a’“&ﬁ'?%Zaﬁf%pﬁ%éﬁﬁtck rate conprising
the steps of: acquiring and restoring nodul at ed
signal s, said nodul ated signals being nodul ated by .
38ai d Thiegligital deda synehyepizéd ciequitngd whereipnié Himasgupaion signal
synbols of digital data from sai d nodul at ed si gnal
wi t hirlichtee khataadit § 1RO fdats reteatiomdevice contains greater than the
second amount of the digital data, the generator control signal indicates
that the generator control circuit to cause adjustment to the second
reference signal to decrease the contents of said FIFO data retention

device until it contains said second amount.

31. A method for synchronizing digital data timed by a clock having a first
period transferred to circuitry having a clock with a second period,

comprising the steps of:
providing a FIFO data retention device;

transferring said digital data into said FIFO data retention device

with the clock with the first period;

transferring said digital data from said FIFO data retention device

with the clock with the second period;
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transferring said to circuitry having a clock with a
second period by the steps of: providing a FIFO data

woebwrnB2os device;ira psTerppg sai a ai gnai aar RCTABI05/002783

saia i- ir u aara retention device with the clock with
the first period; transferring said digital data from
said FIFO data retention device with the clock with

the second period; nonitoring an occupation signal

from sai d FloR@odiag anragcapaiiom sgmal tem sald ¢at Urgptametention
anmount of digital data present within said FIFO data

retention dedewite indicating iantaracORt dfaligitd Wadh present within said
i ndi cati ng a boundary between groupings of said

digital dat a?FIPOGcfé{SFPS%ﬁBE déRf¥R- occupati on signal and
sai d marker signal, adjusting sard clock of said

second period to synchronize said digital data to said
second cl ock period. 38. The nmethod. of claim 37
further Comnﬁgql%atrngr SI9GY "@E‘?aﬂ%?&? guRdrryRetween
signal from said nodul ated signal. 39. The nethod of

cl ai m 37 f ur ieupiogspf B@lidrf!jglltigléiai,a;@ﬂd:orrecti ng errors
occurring during transm ssion of said nodul at ed
signal. 40. The nethod of claim 37 further conprising

the step ofiegistidentubea\dcadpaidrlsighel 4dd sdidtafi@r signal,
reorgani ze said digital data to an origi nal sequence
of adjusting said clock of said second period to synchronize said

digital data to said second clock period.

32.  The method of claim 31 wherein transferring said digital data to the FIFO
data retention device occurs until said FIFO data retention device contains
a first amount, where upon transferring said digital data from said FIFO

data retention device begins.

33.  The method of claim 31 wherein all symbols of the digital data present
between two marker signals are transferred in a period of time between
said two markers to FIFO data retention device to prevent overrun of said

digital data.

34.  The method of claim 31 wherein, if the occupation signal indicates that
said FIFO data retention device contains a second amount of the digital

data, not adjusting of the clock with the second period.
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synbols. 4 1. The nethod of claim 37 wherein

transferring said digital data to the FI FO data
woetmrnB2os devi ce occurs until said FIFO data peraBiod®o02783

device contains a first anount, where upon

transferring said digital data from said FIFO data

retention device begins. 42. The nethod of claim 37

wherein all synbols of the digital data present

St e G AT T
e R e B SPER 5 Fneth amut

occupation signal indicates that said FlI FO data
r et enthiegtigitR)data adinstingnef thesledkvitathrisecarfd pérod to cause the
digital data, not adjusting of the clock with the

secondogpienithdhe $écofithpenot hothaéass tigedtemidasfaiaid FIFO data
t he occupation signal indicates that said FIFO data

ret ent‘e*té’rﬂldﬂmedré\ﬁ& gmt@a:&&atr@,sssa@ Qé@or‘i&ﬁnﬁ%ﬁ?nd anmount

of the digital data, adjusting of the clock wth the
second period to cause the clock with the second
ri t Q. i.n rease t he cantents. ai d. Fl data . .
tentno flicig e %YHFFF"W'%'”S&WPH&" 31 B, SeGadcsapatien signal
45 The, net hod of claim 37 wherein, if the occupation

S| gndndmtﬁsctﬁia&a'dr{%lf OSG@T@ retentiondeyiceceniainsroreatardhan the
contains nore than the second anmount of the digital

dat a, sedndsamoygntadf thé digitab datayiadiusting of dloe okbckesfitiosl séoond

cause the clock with the second period to decrease the

cont géribdoto cHlise ddjiréiét #o the clock with the second period to
decrease the contents of said FIFO data retention device until it contains

said second amount.

37. A method for receiving digital data transmitted with at a first clock rate

comprising the steps of:

acquiring and restoring modulated signals, said modulated signals

being modulated by said digital data;

reconstructing and synchronizing symbols of digital data from said

modulated signal with a clock having a first period;

transferring said to circuitry having a clock with a second period by

the steps of:

providing a FIFO data retention device;
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retention device until it contains said second
anount. 46. A nethod for communicating digital data

wobnrawra2978r st | ocation to a second | ocation, ceapABBENFI?2783

the steps of: transmtting a nodul ated signal

nodul ated by said digital data, said digital data

bei ng synchronized with a first clock rate; and

receiving said digital data by the steps of: acquiring
and restoring raRN$ISTIEg SSIQAGITa| A3M&i g0 $BQ disUraasairegnuon
and synchroni zing synbols of digital data fromsaid

nodul at ed si gnal détibe avitt ihekcibekivitl tiee first peripdy i od,
transferring said to circuitry having a clock with a
second period by the steps of: providing a FIFO data

retention devi fLEf] ' [ gqi i :
ai d FI FO dat a (ERSterfing, i UsHaRdaed Ml £ Baldfetention
the first period, ,transferring sai igital data from
sai d FI FO data refi%WP?(‘MﬁH icg%cﬁg,\)p/&hﬁ?%gegq) ReUpd:h
t he second period, nonitoring an occupation signal
fromsaid FIFO data retention device indicating an
anmount of di gi tradritaringoar seeupationdignal £iam BakO- D data
retention device,

retention device indicating an amount of digital data

present within said FIFO data retention device;

monitoring a marker signal indicating a boundary between

groupings of said digital data; and

dependent upon occupation signal and said marker signal,
adjusting said clock of said second period to synchronize

said digital data to said second clock period.

38. The method of claim 37 further comprising the step of extracting the

marker signal from said modulated signal.

39. The method of claim 37 further comprising the step correcting errors

occurring during transmission of said modulated signal.

40. The method of claim 37 further comprising the step of deinterleaving said

digital data to reorganize said digital data to an original sequence of

symbols.
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noni toring a marker signal indicating a boundary

bet ween groupi ngs of said digital data, and dependent
wapes/ezosipat i on si gnal and sai d marker si gnal PCT/1B2005/002783

adjusting said clock of said second period to

synchroni ze said digital data to said second cl ock

period. 47. The nethod of claim46 wherein receiving

said digital data further conprises the step of

4 gnaline ianor el Teih a8 WIETeIr ST IGcia 14 L AEleLia g FIFO

said digital data to the FIFO data retention device
occurdata retentien dgvice mocHEs wntl seich IS data retentiemeeyiag contains
a first anount, where upon transferring said digital

dat a  firstraswiudt, Ftededgicn transfatringrsaid digital data frsm gkdd FIFO
The nmethod of claim46 wherein all synbols of the

di gi thta fstbAticn aegick ygeen two marker signals are
transferred in a period of tinme between said two

markers to FIFO data retention device to prevent

verryn of ..saj d djqaltal . . Laim
4 Jnpit Ot fla a2 bl Ao wnefis R e il e Sresent
said FIFO data retentjon device contajns a sec

anpuMEtEeen HEo M) %F'gﬂﬁlsaﬁreﬁlﬁﬁnsg@ %@tﬂ ﬁ@eé'PdtQ%é'mﬁ befween
with the second perlod 5 1. The nethod of claim46

wher @it twd matkersdo kOl datagetpniibnideyicsatogyevenit overrun of said

digital data.

43. The method of claim 37 wherein, if the occupation signal indicates that
said FIFO data retention device contains a second amount of the digital

data, not adjusting of the clock with the second period.

44. The method of claim 37 wherein, if the occupation signal indicates that
said FIFO data retention device contains less than the second amount of
the digital data, adjusting of the clock with the second period to cause the
clock with the second period to increase the contents of said FIFO data

retention device until it contains said second amount.

45.  The method of claim 37 wherein, if the occupation signal indicates that
said FIFO data retention device contains more than the second amount of
the digital data, adjusting of the clock with the second period to cause the
clock with the second period {o decrease the contents of said FIFO data

retention device until it contains said second amount.
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said FIFO data retention device contains |ess than the

second anount of the digital data, adjusting of the
wohoawk3m7sh t he second period to cause the cl oekTaB1005/002783

the second period to increase the contents of said

FI FO data retention device until it contains said

second anount .

46. A method for communicating digital data from a first location to a second

location, comprising the steps of:

transmitting a modulated signal modulated by said digital data, said

digital data being synchronized with a first clock rate; and

receiving said digital data by the steps of:

acquiring and restoring modulated signals, said,

reconstructing and synchronizing symbols of digital data
from said modulated signal with a clock having a first

period,

transferring said to circuitry having a clock with a second

period by the steps of:

providing a FIFO data retention device,

transferring said digital data into said FIFO data

retention device with the clock with the first period,

transferring said digital data from said FIFO data
retention device with the clock with the second

period,

monitoring an occupation signal from said FIFO data

retention device indicating an amount of digital
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data present within said FIFO data retention

device,

monitoring a marker signal indicating a boundary

between groupings of said digital data, and

dependent upon occupation signal and said marker
signal, adjusting said clock of said second period
to synchronize said digital data to said second

clock period.

47.  The method of claim 46 wherein receiving said digital data further
comprises the step of extracting the marker signal from said modulated

signal,

48.  The method of claim 46 wherein transferred said digital data to the FIFO
data retention device occurs until said FIFO data retention device contains
a first amount, where upon transferring said digital data from said FIFO

data retention device begins.

49.  The method of claim 46 wherein all symbols of the digital data present
between two marker signals are transferred in a period of time between
said two markers to FIFO data retention device to prevent overrun of said

digital data.
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50.

51.

The method of claim 46 wherein, if the occupation signal indicates that
said FIFO data retention device contains a second amount of the digital

data, not adjusting of the clock with the second period.

The method of claim 46 wherein, if the occupation signal indicates that
said FIFO data retention device contains less than the second amount of
the digital data, adjusting of the clock with the second period to cause the
clock with the second period to increase the contents of said FIFO data

retention device until it contains said second amount.
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