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re3ed40 6VTi gR METHOD AND APPARATUS FOR ENCODI NG AN DECCOD M MAR 2002
SEQUENCE FOR TRANSM SSI ON OVER Porﬂlwml‘m‘mmlm D OF THE | N\/EI\FI'I ON
present i nVeMPi1d56r el at es general | d of . encodi rgTasds/dacodi ng
digital data for transm ssion over a nediesm Mre specifically, the present
invention relates to the decoding a of a bit sequence for
transm ssion over Plain A d Tel epho EW wm OTS) ‘wiring. i BACKGROUND
Local Area Network (LAN) standards sve not significantly

penetrated the honme conputing market foTGOanznurrber of reasons including the
| ack of perceived need and the required installation'of special cabling
which is difficult w tMETHORANPNAPIA RSTEIShEIOR INCADINGI e personal
conputers (PCs) are beconi A3 HPECONING A dHIFOE QW ENGE househol ds) t he
notion of inplementing a LAN WQihihRA ISRQN O VERi ronment is gaining in
popul arity. Specifically) the abili®QTSoYSHHNGi nfor mation bet weenmul tipl e

PCs, and to s as printers and nodens, is beconing
i ncr easi ngly Eﬁ%ﬁ@%ﬁ&gﬁ@?’ﬁm Conut er users. In particular, the ability
to achi eve shared, high-speed Internet access by a, nunber of conput ers

wi thin a househol dThcsptce@mﬂﬁvgniiqsrpmtmcargcnasllymlm& ptle otissrogingi dnbidaccaling

resi dence may S econom cal
met hod of cr egl\lgl[?llmaﬁl @#\IE%%E#& gvetégsn?c gﬁ]'?l %ﬁt JJCQH-I%EOJ%RHC %%ges usi ng the
exi sting tel ep\HGW@WﬁﬁWehgo Wictdsredinhend espéinpeba pxpeyngamcrfpwgansagsstqme medi um

over which th@y&%xh@l@ﬁ'@ie ﬁ‘@rl&t%@'vncesﬂ@"rsl)wuhﬂg typically conprises
unshi el ded, tw sted-pair P) t el ephone cable and nay conprise either

tegory 1 or cabl e) as defined by the El A/ TIA 56b

ecificati onB%%ﬁggéé@ such residental telephone wring poses a number
of probl ens in thatot: he\reaﬁeumsls'(mx\lphandhrdiamapsddgntalhswrmmisxrmﬁ'mamlpver an
arbitrary) “”é&r [Hg%&% M‘!nﬁ% ,%L%E)rk\{“f&r*l n‘é%'é%‘ﬂcﬁ %Qtﬁélgﬂb o the luck
characteristi s resu |n Pnpedanc~=e m smat ches and the
term nation cerRar¢dhradeed @ndmrwrgﬂ ytswivllqrmflseeqmlcsﬁblw Yihiphas élffémdt PC

unpr edi ct abl ewﬂﬁﬁﬁkasle%@mmhb@éﬁolhnAfsrnﬁﬂHﬁE‘%é’rsérﬁﬁ Q&Hﬁ:ﬁcr‘é‘(i?bl)rhr@béi&ﬂﬁn@f
interest. The power splittin

ect of ‘star configunations,
comonl y i npl @ﬁ@ﬂf‘éﬂ'ylcﬁ% g\é]ﬁf‘lhalm\ﬂflrd? A "%{tof’é’rfiﬂgl" mERES ‘e{'/gwswwmm gnal
features V\hosx%reduik:ﬁdul@nvnrmmdmlctaadmn@mrmuhm){ mcprnanagatembnnyiei shgreof t he

W re branches, AN r e 0 r| nmust

al so coexi st Wféﬁhtlﬁnlbg%lﬁg%ﬁt\?/iﬂcg& i qgk Q%Sé\}f& ug}st @%‘ %vorrp |gant

whi ch di ct at eRogérss,uskecemisng @ﬁ@lﬂgng\ﬁytanrquvcf qoe‘@mcrc@yﬂp@mﬁpmenl@dwum 270
kHz arnd tr anﬁ@%ﬂn& BVRhevEShoM, JaYcSn JP¥ed WMBXCCQ%J HE hDMENELAuBECor di ng

to a first aspect o tion, ere i s prov met hod of encoding a
bit sequence H&h# @}ﬂ%’glc’?cpﬁrbcf?ra‘ﬁ‘sM"Q%”%‘hgb’qf‘éb‘pg‘““E‘zirvf'fhéri A fisifielsf Mhe
symbol has a WISIFI[BITdUI]ItZﬁlEDMy iondtceatho/latenfett he bi t sequence the tine
duration of the syph (ﬁ]%hﬁ&n%ﬁh%r@f@feq&u?ya%kﬁ mﬁ”qn&%ﬂpﬂ rGLdngldt ers The
t hod commences W|t reception an encode
ereafter a BYpD®Gs usxna\yhar@u%maufrlemhoonwma wahun\ibe @ﬁldtrhré (BDthgeqlueh@e) is

identified. Tmhsne%ymgbeamkmeimmq{pw@n&% b}&tﬁ evnmpolry le'T!)scor;m'?qebUffer
synbol portion is of sufi duration tg allowTe tlons%lafl

generated by PHé! ciqeflstvinied |Pﬁif1(WPb‘ﬁ"ePH@‘°cféP‘F|a§P W&Pmﬁlw éGé\gfr‘g

pr edet er mi nedod @uMegorhefcable, prazpiagdby mie H)A/ltmeSGi:e@emdctd@hl rhe ase oﬂsnclone
enmbodi nent , e fir d 1 [ t tr| cal
pul ses, and a sxdentx:ﬁﬂel?ﬂ%&?gﬁpé] ?L%E Ecér o&@%len% 1n%l§1?ﬁ% ll‘d\ﬁg dssn §| Ifl zi ng
t he poI arity @édta ﬁltgealsmmrcaewemdv@rbltrmmvﬁn@fltq%\valiigea:@hm wypect of the

i nvention, thgn&ols dHcaYdaf@thrit iRl Ekodrrm‘1e@lﬁ@w&rn&:danc%%mb%mh@qvwagh@ time
duration indicative of a bit sequencc, the dur at;i on be determ ned by

first and secbﬁﬁoﬁeﬂFWWF@}%m“ﬁﬂeﬁéEHﬁﬂﬁﬁ“%%ﬁHSECWHHNéth 'Wﬂen the first
delimter is detected) whereafter a tiner is initiated. Detection of the
'second delinmiter is blocked for a predéternined buffer portion of the
synbol to prevent detection of reflections resulting  fromsthe propagation
of the first delinmiter over the carrier nedium The second delimiter is
then detected after expiration of the buffer portionjof the synbol. In one
enbodi nent, at |east one bit of the bit sequence naylbe decoded utili zing
t he polarlty of the second delimter.



|

The invention extends to an encoder and a decoder which inpl errent[]ehbm&b@mt’)
met hodol ogwaosg9 1 Other features of the present invention wll be _

appar ent from R accorrpanyl ng drawi ngs and fromthe detail 58””593/1446
description-which foll ows. BRI EF DESCRI PTI ON OF THE DRAW NGS The present

invention is illustrated by way of exanple and not |imtation in the
figures of the acconpanying draw ngs, in which like references indicate
simlar el errents and in vvhich Figures la and Ib illustrate Local Area

Net wor ks ( LANs) arbtra t opol OPS wiring. Figure 2
is a diagr amré’ﬂ‘PE? f "eB Fé‘ﬂqslffﬂ%& AT rrRSPQP%?t‘?ﬁH” 4d¢ 8{’H§rq5é one
enbodi nent of ThHagopreesginting ¢M¥0bf Dar.cohfiglitens, w&sciadrdlca@hammmrﬁememed

ese

representation_ of . p

i nvention, indf ﬁedbdg”aﬁgt%lnhmt“ﬁ%nuag? \A}grlff(\’egst 5°8quoﬂ%'\ﬁhgﬂﬂ%r—dué§f'oé' 1251101[1FI gure
4 is a di agr amvephcdre pregsepigatorotel of ofahé.L@babedent?@ POTS adapt er) accordi ng
to one enbodi ment of LNP@ rﬂﬂ@xﬁ@rﬂ&d IRy S8 de Rl ltc:'fééﬁh%eewﬁn'v%&%l i sequence

of symbols, each encoding a bit sequence and construcfed according to the
t eachi ngs of tYHE he &S Ser\ﬁ%rwqi Bst br Tfefr BaTB08 soraplEwHivHECh digwtes thaudser at i ng

a met hod, aCCQJTdinHqut»\QmetEh&[ﬁféﬁ@ d@Roneiits bélewp70%eRtanll edPoraBvel9f coding a
bit sequence. | g‘? gs | lustrates a waveform generated on POTS;wiring by

t he appli cati & B‘L})I se thereto. Figures 8a and 8b is a schematic
illustration chUMM/e&‘é@ﬁ?dHiﬁ DIVIOET Bt of the nobdem shown in Figure 3.

Figures 9a and 9b afg ?&R@M%&x Aq'lakéir%{yg%h% SmePﬁJ@'o'vEQd oY ?T | ONA

nmet hod and appar at us Porenco , a t. sequence
t nansmi ssi on ¢hcROTESA it sEqgne & ﬂcFefgt’PlOi f@éHdl“Ph“ﬂQﬂeOVfbbﬂF@Wh@lc@eglcr"ﬁ*m| on,

for the 3 RECTRhERSHER dRdR i8dikative of the bit sequence, thé time duration of the

symbol being determined by first and second delimiters. The method commences
with the reception of the bit sequence at an encoder, whereafter a symbol, having a
duration indicative of the bit sequence, is identified. This symbol includes encoding
and buffer portions. The buffer symbol portion is of sufﬁci(%:n[ time duration to
allow reflections, generated by the first delimiter on the carrier medium, to decay to
a predetermined level before propagation of the second dcliri]ilcr. In one
embodiment, the first and second delimiters may be respective electrical pulses, and
at least one bit of the bit sequence may be encoded utilizing the polarity of the
second delimiter.

According to a second aspect of the invention, there 1s provided a method of
decoding a symbo! having a time duration indicative of a bitésequencc. the time

) duration be determined by first and second delimiters. The decoding method

commences when the first delimiter is detected, whereafter g timer is initiated.
Detection of the sccond delimiter is blocked for a predctermined buffer portion of
the symbol to prevent detection of reflections resulting from:the propagation of the
first delimiter over the carrier medium. The second delimitef is then detected after
expiration of the buffer portion of the symbol. In one cmboéjimenl, at least one bit
of the bit sequence may be decoded utilizing the polarity of lihc second delimiter.

The invention extends to an encoder and a decoder »\i’hich implement the

abovc methodologies.

to
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purposes of explanation, numerous specific details arc set forth irg%r
to provide_ a thorough understandl ng of the present inventiop |t wll_be
evi dent, hOW?8r?% 0 one skilled in the art that the present)cpr‘r{?%ﬁ%‘n may
be pr actl ced WlthOUt t hese specific details. Apparatus - Overview |’
figures la and 1b each illustrate a respective Local  Area Network (LAN) 10
and 12 which nmay be inplenented utilizing arbitrary topol ogy POIS wiring
14, such as UTP wiring, within a residential budding 16. The wiring 14 fans
out froma central connection point 1 S, throuHh whi ch the wiring
| =li connected to a ©&rrfeauresdfiiteehresedt miersiosus!! paoper§radies tho | ocat ed
t hroughout t he,Reidhfs dQwidysAHERRM mtd&m(ﬂ&wtmen(\mleprotlewed 'stations”
or "nodes"), such as conput ers 22, nodens 24 or printers 26, may be coupl ed
to the wiring 14 via the jacks 20. Regul ar tel ephones 28 are al so shown to
be coupl ed to BREERMDESGRIETMOIE @E%DM@WIN@@ 20. - A nunber of branches
of the wiring 14 may furthernore termnate in a jacki20 into which a LAN
device or telephone is not connected, and are accordl ngly unterm nated. As
wi | | be appreci at edThe present @utrexobasxlhIknemw by way Ctﬂlcmntptsrtmdrmnemtutmg)rtxhe LAN

devi ces has an i rrequl
br anches. 1 mpadaneaesiol e ERabRYr W s, HGRICR ILEPEERL MIEY Tl O
trmnati on w téiementhend iANghidlD and 12 result in the reflection of si gnal S
and unpredi ctabl e frequency responses within these LAMS 10 and 12. Further,
the star configuration illustrated in Fi ?ure la serves to attenuate t he
| evel s of signal fehigdieadaaibiusrae FoT Aecaigreriedhphis bidnrigneted
_pr)opagatl on debsayg a}butdﬂe[o{ybrogyl"rch?smﬁh@s Turni ng now to figure 2, there is
Plustrated a netwog) st.ati ‘ﬂ tﬁf’%‘ f [a uncthar act grlnz[
arbitrary topol ogy DP{E 'S aéiuae’hmé’g YHEPE Wr“ Qeﬁ’”‘rf?'oﬁtﬁﬁ? 4's '8
Figures la andorhr.crﬁﬁmhmetmbrhc gsd:%anulovr.‘n:&@ allows a nunber of well-known
protocol and LAN fe t | I2
For exanple, the LAﬁta%ee}S’ss(atﬂ%ga er%@gg&%“ ?Ihpn&dlb-BL ij ﬁu)toad?]g
i npl enent Col | 4rebashmpettafha HTQSC“O@IVW@POWCN)%H Withig, thqworkeéﬂuoed @W“Fbken
Passi ng accessgjggtcd. 4 An overview of the various conponents of the

network station 30 will I‘OVI ded. The s rises a
network device 36 ah§Y 'aa%t ’§%“° Ffﬂ‘es%ﬁﬂ“éﬁ’f‘é)& éégqr%ﬁi][%%g)g%a?dﬂ%‘%m 32
t hat serves t mcaoalpig @ cmemmbnahmm afnbse posdnt oivewion34 (such as an et her net
communi cations contgg ter)
for conmuni cation Or\Ellé’Prcﬁlmuat‘ %SP]r eﬂﬁén%%%téﬁ?o gdﬁ%fné@m%hgﬁé u(églgg)n%}]r?te t he
nmodem 32 pr ovidestrymet mndmoepﬂtatteachmg@éthememlngenaﬁm decodi ng. (ENDEC),
clock recovery and gQ|ld &k QRodat 86t (108 {dHIGHRARSA, JBRRIRL & dheti¥iRdiABNL s Of
col lision detection €ircuitry and functjofns that may be i npl emented within
the adapter 35°dPeP@etitvEBECT: Sf 6RAipeh Bl AFAUSPSSti cati on Serial No.
entitled "METHOD Amom%meesme&mlnmmm@mtr@%yAhtNET\AoRK
fiyled , and assi gned tg f Zlieegnec of this application.. To accommpdat e a
variabl e bit rAPECERRSAAERYPaEESdPng scheme, and to control the flow the
dat a bet ween the neFigorek Salend &lelsaﬁcmltt?hléuwmrngfM)(emhlewmleqﬁlmgnmfntroI s
t he cl ocki ng t he comruni cations controller 34. The
nodem 32 may ﬁh?t r@mssﬁ’é’%gq“ E:@?ét?er Sense Multiple Access/Col]ision
Det ection (CSMV/ CD)Fllgars?eaﬂ M?%a‘Aé%s“"edhtstf&PO”Gm@ encagErgd@acefseor di ngl y
provide carri ghcl8éLetthAnAe FREEMSHOWN iMBGRS BQEIncSStgna' s. The nmodern 32 is
furthernore, shown to be coupled to a mi Croprocessor 1system 38 of the
network device 36 via a managenment interface) which gllows the nodem 32 to
be controlled tbmamttmmﬁscmmmm ng within the mecr opr ocessor system 3S.
The adapter 38 furt 4 he
network station 30 'Fl %‘%ﬂc ddl%tp §f&e%9§cpb Hgg%fﬁrg Qbme%mhgéif&Th
coupl er nodul erMGmlssmlnmfé’@TaS piing ¢ dmmtﬂd dothesfotlpwingglasaaiption. fonehenal |
jack 20 and the tel ephone 2S are coupledl to the network device 36. The
coupler nodule 40 is furthernore connected to the m)dem 32 via a
transm t/receive connection 42. Afilter (not shown) 'is incorporated within
t he coupl er nodul e 40) and acts as a bandpass with a | ower cutoff frequency
of around 40Q kHz and upper cutoff frequency around 4 Mz. The filter is AC
coupled to the wiring 14 to prevent interference with POTS operations.
Further details of the coupler nodule 40 are not pertinent to an
under st andi ng of the present invention. Referring now to the network device
36, the communications controller 34 is typically responsible for
Li nk- Layer protocol functi RASTIREDSHEET (RGLEG]) err or

1
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detection, address recognition and nedia access In one enbodi ment, OtthMAR 2002
controller 34 13 an Et hernet LAN serial controller) and in an aIternatlve
enmbodi nentV\%ggé”F—IY ghLevel Data Link Control (HDLC) serial cdiffYi%Bar462The

m croprocessor system 3S is responsi ble for the execution of software which
controls] the controller 34 and the nodem 3?. The m ¢roprocessor system 38
is furthernore shown to be coupled to the controller 34 via a data bus 44,
and the controller 34 is simlarly coupled to the modem 32. The adapter 35
thus allows a network device 36, including a communi gations controller 34,
such as an Et hBYIREIEs O6RERIBIAIER) NS TRHS seem& eeluiloira SHAN HpPrdpeatheeyidst ng

POTS wiring | 4moa<mhsmame@namoeﬂqeqﬁesdmtlavanru@nsnn\bmetﬁ dvidem, e gt wor k
devi ce 36 onto th rmat suitabl e a‘F E%atl on over the
I'éCl 8

Wring 4. & npreEd o e Sl B PRtenhtib e Tudche gived 1455 he Pors
wiring 14 int Osmcﬂmrdmlssw table for reception by the controller 34. Wile
the adapter 36 is shown in Figure 2 to reside outsi de the network device
36, it will be appreciated that the adapter 36 could:in fact be

i ncorporated within the network devirperas) Qusrviexanpl e, part of a Network

Interface Curd (N Clugu‘r\u, @m@tuyelcx,umshe[capl@%&rw@ﬁo&mw@pmewo?@ emt)and
al one unit which is coupled hetween a serial port of the network device 36

and the wal |l j&RDE? Whlch “QUrté’ @PiegwawmU&E&ma.ﬂaﬁv%tmw%s B iR B

detail ed view chthhQJ'Id-prmgeWﬁtEme retidentbb@naide | 6.Speciviringald fins binergmdem 32
conprises an en rlde 4 IS r“e ONS| f or _encodi nga
bit sequence as(&:nq'éJ %8?0 8P nﬁw@éﬁ%’sﬁ%\{h&qne Wi O"“ecﬁ'éaeiodlrﬁ gﬁﬂlh as the
PQTS W ring 140“@[31?9|naﬂ1CSDUS1Ph@“CEINDE@046CJ|l@ the)sxgbmsuszl lenlfdm" dechdi:mgea

symbol 1 ecel vegr f ARMRLs Wildd Bindskdofiengr a3 Bidh a%@g«HEE‘ﬁR 2aThe encoding
and decodi ng operatlons per forned 6w e described in

further det ai | MOEFBHZ4 PHVIENDEE By g‘fj?‘%“’rﬁ’&dr{‘ﬁr‘l@ ‘§l§t§‘1§| heds WeurrreRlnsni t and

recei ve cloc kSRE@lM@lcﬁWBB gfetdus@rsao@@m beddupled34 theadnOV vl desgrpEVAL | ON
of the ENDEC 46 [IE d;/g ontb f an. acgess se guencer 4S. The access
ct ”6@ cewcg Uft

sequencer 48 s¥f& co‘ﬁ'é?’atl SA™M P N ENBEE 146 and for
the nodem 32 a'ﬂcla’)O\/imcb whncﬁh&ﬁwﬂiaﬂem@@r lgphdreris norcouckes:dr aekiv ecdotdiagigni t t er
circuitry 50, xgltﬁnaédsArQaﬁﬁ%Q%Fﬁrle?mIegrfrotnh?;gruerqut ;,et:b idhgl |4 ransmi ssion of
synbol s encodi ng bit sequences one enbodihent of ;the Tnvention, such
synbol s are delmmqr@ecrmg the bAN deviges s angreg %ﬁ]tgeﬁyowﬁnwmew%ﬂéﬂ

transmtter S50gf dR&aiivRE &Mﬁdmk deeaﬁmmchaf Qfefﬁ%iirﬁl@)toﬁdm@)hh@@t%ed to a
nmast er cl ock, fron}éﬁhe ENDEC. 4 tion

recei ved from FA%OERBREUY ‘?’Bﬁbf‘é‘%ﬁ lnA@ ?ﬂé%gpfeébl ‘ahFczltef%?F?o"‘r‘““é ¢88i ng)
portion of an edpecdiciblallregoerpesetpensy midin thesedeA Ns opaght 2dFéntem théietar
transm tter SO0z, ntf,bhAISTLELS it Ms0ASaduldngdyebeld fghor buf fer)
portion to the varia ur tion to generate a conposite synbol. The
transnitter S50EauKSHRsAHErEtRISS %6@m%F<ilmlbepso)pdsmeﬁekaépéf%\wethe time
dqratl on and pefhaeiesy of the corrp05| te symbol, in t he form of puI se

doubl ets. Each I doubl et f t d t

appr oxi mat ol y. equal | HHE TON CEAUB R E & R SRoA BB Pty put e
wi dt h. The pol @ra L &Nofia eraxhhmpmhsnm dubutdr topioogg et iein gi sneldasupre IPAXTSH wigdnigon
received from {pg gﬁ'ﬁg{? i Rigufs Fﬁ&% LP‘“rﬁeen{!%HJ &Buo% llo%?ss Q:u b&“o‘fa'

pOI’tI ons of equa| 1 on an EOSI e polarit rrent

conponent i s gepékaewd porocohandu-fNrfgatggs Wﬂtﬂ*@lmds‘él”d@d!ﬂ lefANp 40 aﬂ
transm tted ther egd).exGRfR! ihNGAN WD infly EQ@EH%HC( 6§1swm{br ﬁeL@ahmtrhear\fdal tage

| evel s of each Ise bl et_be substanti e gener at ed
when drivi ng t’ﬁ’ (@" SRIJOF e Q?I?SI*P% Péﬂ Sf%%:?% B‘?”cg(TTL)

| evel s. A reduB$xm@aLﬁsshenm@ktage | evel s of each pul.se may be acconpl i shed
by incorpporating a series of resistors, or step-down w ndings, in a
coupling transformer within the circuitry 50. 1n one enbodi nent) each pul se
doubl et conprises a single cycle of a2 sine wave. The circuitry 50 al so
includes a receiver 50b, which conprises gain elenents conpar at or and
digital control circuitry. The receiver 50b produces an out put pul se, shown
at 51 in Figure 7, coincident with the first peak (|1e the inflection
point) of a conplex waveformreceived by the wail jack 20 off the wiring
14. Figure 7 provides an illustrative exanple of a waveform 52 that nmay be
received at the receiver 50b off the wiring 14. The waveform 52 nay be
highly attenuated and distorted as a result of being propagated through a
residential POTS 3
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Wiring 14. As shown at point 54) reflections can result in a peakﬂeﬁ’r}j\m,ﬂt gde
eccurring sonetine after arrival of the incident energy. Wthout |ine
t er mi nati on¥92Ad33ft h conpl ex topol ogi es, pul se energy can cBRTUSeRI4462
fori many m croseconds, decaying gradually. 7 ' As nentioned above, the
present invention proposes encoding a bit sequence ag a synbol, the synbol
having a time duration indicative of the bit sequence and being determ ned
by first and second delimters. In one enbodinment i of the invention, these
delimters conprise electrical pulses transmtted froma transnmtter 50a.
Thus, to order to subtessVigM §f thevwione campynenilof ahe neteorketriondd vBlimowt he

original pul Seso gﬁBﬁB@& eﬁhefsrtamna%otaommsuﬁenwéﬂadem&étseta d 38 BHRUTAL ek

r epr oduced as his end he receiver 50b is required to _detect

the first peak ”(S‘flpléh§/5 |nﬁl§lida°e41fnos&%mé%mm<eréf’ss ‘PH‘éﬂ%r‘ée‘i‘?§1é’“tqﬂ%nsd3|°“%i?1#qf@él of
t hese incident paaks aAeseriee cslienankhngd cbRrareeditia ﬁbqwm deivi¥e 3dysirhiaon of a

nmbol . A d 50b f tio d t the f t
nci dent peak, 'sc%@}@% B so At Bhor ot PR diER Bt dPrs2; and to
i gnor e pot ent i ainibodhheh, eplodtmde proNidessnabaruintefigrestigm! afidogiingsandh an
I nci dent peak. c!i%é[il% ﬁﬁtépméocﬁ&%rvgxg”ﬂdtcggﬁsxoﬁ’E‘j%&h%]q' F&grzn?cf s %?er'hg@f}l d"er

are provide bel to Fi dem
syst em i nt er f ace@badimertieoffaeh i wfdeiecimaeralnPuddss@iosethpgpay h@ B flepenttGPs| )

Sgnfpg~at Hgnggggi?ﬂfn#\erﬁdﬁ tEa@ﬁa@%eschaed Rl plinaldhbpiibNSeMaem 32 to Coller
34 Table 1 bel-§PW %’? ﬁ%ﬁggﬁ ﬁh‘%&@ﬁéﬁk f@%%ﬁ%#@%’gﬁmg’wﬂs LE
Si lgln?: esNa_rIII)e(Dl mlggmag:m;: JDeatri pti onTENATassiVaeem Lha'_rln_angim bf Ema.lrﬁmx{:buonnc()der

a a . oaccowcc))galg R/%&}fb% Pﬁjgt@‘e )glc;gﬁulv}%igg on‘f Jcﬁ@r%gnakd\?\izeoﬁf?gmg

S PC TCLI'iI From™i cmliransm
dc, usert cd, st ogpedthatdialacrenvasage nddwvokdisl e |36 dnd dicowying dﬁslét: mageinal?l e rate

under cont r ol Ofcohﬁ@i@%ml&@\wedmdgrdh@%mn&@arﬁﬁu&em%%&ﬁlmc}/@wd«?nﬁcccI ve
Enable.iQlal ItleS aScoEt ai ni ng dat a. R~From f vl @3 crch cl ve data

fr ondecoder . RCUREHHT MBGE é?‘(P@O@:I R” SenkMEHPlefRsES( F‘ﬁ%%?”r eis
idle, is stoppeddMa/ap)asstedn AetesatbaeasMAD lapat aid edtdinly) providas at

variabl erate under control t hed dunn cketipec From
ModenCol | | ~i on écheégj FRA"S ellélogllrt’cfi‘ga?%é{ts%"é’ﬁlb Q{ Oro%?rége g%tr}r%Pecg:gﬁ\lé i on.
The managenent tohteodm@ttowmcsomocgﬁmbwmﬁﬁpéthse\ci%ﬂtkﬂﬁ\tl@ﬁwlwe aror setting

and readi ng mqﬁ%%ﬂém‘?ﬂ@{fﬁ&u&ﬂkh‘Hnoxkfmh‘érn%%fehpfh lobe ¢BHTEIRRMAGBARA Wi thi n

t he conmuni cati ons~contr ol uses this interface to_establish the speed
of operation) &RECUiESIEthin HE AERESeSantIsKEr?S sTHgd3BEE3dIUESEr ati on- In
bne enbodi ment ihd&@porates a coupler module 40 by which the network station 30 is coupled to the

jack 20 and POTS wiring 14. The coupler module 40 inciudes a pair of RJ-11 ports
through which the wall jack 20 and the telephone 28 are cci)upled to the network
) device 36. The coupler module 40 is furthermorc connected to the modem 32 via a

transmit/receive connection 42. |

A filter (not shown) is incorporated within the couplcr module 40, and acts
as a bandpass with a lower cutoff frequency of around 400 kHz and upper cutoff
frequency around 4 Mhz. The filter is AC coupled to the 4‘viring 14 to prevent
interference with POTS operations. Further details of the ftouplcr module 40 are not
pertinent to an understanding of the present invention.

Referring now to the network device 36, the comn‘i’kunicmions controller 34

is typically responsible for Link-Layer protocol functions; such as framing, error
5



[ - T
¢ommyni cations controller 34 is an ethernet controller, and the fegaggmen
paraneters_for the nodem 32 are stored tn ~t serial EEPRO\II and Ioaded‘é’
i autonmat i 569?{/] 3&ery time the controller 34 is reset or i ni RGTAYSIBBEH6Tabl e
2 bel ow details the relevant signal pins and managementt configuration
data: i TABLE 2 Signal iVaneDirection ~Descri pti onVDQFrom MucJcnBScnal data
strcarnreadout of nuxlcncon(it;urationparametersVD Tg hilodcm' Scrtal data
streanscui nes t~l' nodentonfigurationparaneters. MCLKTo MudcnScri ~I data
cluck. D.ttars shifted in/out on theristns cdoc of thissienal.MSTo
MudcnChi p_Sel edtleclQuapddresesenpgniupaned madinizotasy bnmeendodahendabacontroller
channel . ' Ftr, t3fata élh&mbﬁ[@rqfébﬁ{ﬂ%ﬁtmlaﬁ”Yx&‘ir@ﬂfﬂlchﬂ%@@mﬂé&ﬁ] gm-ﬁi fhis

si gnal . Configuration data sl oaded into internalresisters upon transitionto
deasserted st at®'e! Oahleinf {algeH ey SFUﬁlt‘%ﬁ’é‘rmlll‘ﬁcITU%ié%CfahroﬁﬁéWoi}’“Fﬁwd End

(AFE) 50c and @ rBl’p@ﬁﬁbleCkathl:@Q&u(lE’rLbbsdﬁdufaedJMncEQGnlrdmﬁlc'ﬁﬁﬂr@lé‘ﬁ?53@@9@
transmt pulses and,..f s to;the receiver 50b the

C
e (1 empor al TOTEBAR: AV ORIPEIET HAMT Bok or Gt ROS V8 3¢ G bPm
(pul se). T'ibuwhecdnirdllaust vatedatd bes 44, myl the tGrBecslkeﬂ?zEtstpenmety ooplkd e tat i ons
controller to a,69 ni cate over a LAN i npl enented using POTS wiring 14.
The adapter 64 includes a filter/coupler nodule 66, a | OBaseT Medi a Access
Unit (MAU)) an ENDEEh&8dapi 3Ethsrahews macvaskeedrd &. imd)dieg duf f er manager

72, and a St atd&mﬁaﬁnd@mrﬁ%@ms&le%mmﬂsdﬁ%merﬁé cohB6lRABRERbufizd ALt S as a
nonlllterlnj interface, buffets

,_and ecel ack e from either
such packets tle‘tr”r%'d ‘?'P‘ff)‘c (ﬁgﬁ‘i i‘ﬁéﬁ?’f‘ed“isﬁgeﬂ‘ﬁ’ﬂﬁélr”t‘é“‘f’ﬂfl%‘{sfiace as
sgon as possi bfrem Ll&;)eawbrlcca:lviop 36tdhe tﬂ)uLfAEN it &gent shabls 6 frbggSRAM 7=1 t 0

BaseT an " o TRGUBOFSrl i g T s ShRe SRRLES L e RS e "Gobe

not have a MACQ@BNvdtidg é4nto? Th@fﬂaldap@bk (eicketaptiohdy tiereon ok od Rhitet t5e

connector 76 fQfnlePBasedhownif aIsuredd LG msécilhecrem&%@c&egg &nﬁB@ed
selector 80 allows a user to con~ijure the transm ssion spee

adapt er 64. THEPEGHEEhagse é‘i‘%’&?’PHEP‘HE\é‘é“&h‘D“dPF%O%‘Fdd‘i'%?gh%ﬁ?‘t"oﬂ? ght
Emitting D odagv(deEdsjor E&mpﬁﬂqﬂdldig Mg warkrlaeufate (!iud't(I‘fJ@C}ir,«lSmeIrhzﬁrv)zélyt @pRol ogy
and the unterTrélan[%ltg nat.ur “96 %Qdfgﬁ; unV\{lwl!“C oo (géetglent mvgntl on
proposes encodiCAG ChredEY SPIPHEE® BiTY A celichk P%%S EIveE AYIOPY £ or
transmi ssi on. qfnhdnn@W@dbdﬁyllquyndédeltwnbéo i s distinguished by having a
specific time duratjyfc b $b15tmmd%aﬁaoomuhﬂ Rer Jdcfcmremvwomcthe time

i nterval between the receip fiat and second ters, In the form of
el ectrical pul°98¥ONTHg Of)Fhéélé?ﬂcm P erReF BRI disoBRecnE AL ERMPRFEHAR a i n t he

precise tinme ahcbdsldec®fer sﬁmmcduﬁ athichins wsb@aﬂalcmlreh\:oarrﬁ Midehyerzepan at ed
in tinme. As descli a transm-tted uat.e

) nd
scattered as |S1?'mrt))8PForéran r“éﬂ"aov?{e“ SIS AT g'ﬁltaé?heaéu%ﬁgﬁw??ﬂg?has
el apsed) the puinslariyitht ERE=G66 lsanﬁvoanbhcﬁerrdacadin@eﬁmml redefVedUtonf gar of
| pterference fv%?i'ﬁ\:tl'a%QE&Y&LQH%HRHJ}&%CC an%canzbm L g 06 g&au&f'ect' ons

resul ting froma al’tl gu Se bel ow a ?ece| nsiti vi té/

t hr eshol d, and’FFf@Fm’fﬂuP%g‘e ke 4§é’Y\‘U bﬁndﬁ‘t‘fé’l‘}?d i fﬁﬂh%gj@idﬁtbé}%‘yﬁﬁéﬁNDE
interference. 4Beheh&iiee fRPHed Eoth trgibhgl ahdwbdetVt SHt@¥so thb eomaiuafcatidns25 11

controller 34, and overall operation of the ENDEC 46 is under the control of an
access sequencer 43. The access sequencer 48 selects a gerjeral mode of operation
for the ENDEC 46 and for the modem 32 as a whole.

The modem 32 further includes receiver/transmittericircuitry 50, which is

responsible for the reception and transmission of symbols éncoding bit sequences.

In one embodiment of the invention, such symbols are delimited by electrical
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teceived at a receiver 50b in response to the transnission of a sindk8i YaR 2082
pul se from a transnltter 50a As illustratcd, in one enbodi nent of the

present i nVEMIdWr ecei ver's sensitivity t hr eshol d may decafCeiSOHEHET al | yi
after detection of a first peal: 56. For the purpose$ of this

specification, it is convenient to specify a tinme unit in which the tine
between the transm ssion of pulses can be expressed. {To this end, a tine

unit arbitrarily terrmed a TICis defined as conprising 0.1 167

m croseconds. Referring now specifically toTFigure 5 a series of

sequenti al syﬁwbksIgﬂﬁgﬁbﬂé@él@hﬁmﬁtmﬁmwéxg@ﬁéwab@dnéndhdbgﬂﬁMQah®hed by a

series of pul $§§cl‘93§12§d?ﬁ'> rrﬁ]%émléctkeﬁorfnrlﬂmﬁﬁﬁ@t% VlﬁronéQbeE)&’xﬁ{an e Wiring 14
Each synbol 90" has a_predeterni negP uraél Qn |n i cative of respective bit

sequence. A m*ﬁPWﬂhﬂ”f‘?fﬁb‘“Hﬁéﬂtce%% 2 ae EROFCo10 TeprEs gl SEXIGPIT P GANGr

pr ecedi ng; pul(SIGencSOmg;EpcbrOoﬁbfmwlfciiflddeﬁtbmpdﬂ&eSﬁﬁbtiltld) l?gpﬁopﬁgmddffa)rﬁuHese 92 to
decay bel ow a receiVvern,s h| s . m thin
each synbol (San ALUET 3% 50" hefu Q%‘ger(:’ Ibbﬁf‘g“g}%d ‘iSH’)HFO"p((% {".r}g%iyp%mawk%y be
conveni ently nief errétt- Cdtmla@ Immwm@@en@ymoiorrﬁbammm@él n'Elenmakm(tttrsBi 1) 94.
The duration gfe J&%em@é*%oz@eh@lﬁ&e&%mcn%@mwmeu{&qlm@&mmo [ ARRay SHCN as

the conpl exity of Wrin ng dance termnat or
(e.b., tel ephdfeSYMpRfite KEMBRHE ‘BF f%&kﬂf *ﬁdﬁtjb'bﬁbaﬁew puisdlouhisdempraics e on

the Iine whi Cmrmdaé@bnﬂ%oh%s@mﬁﬂr&)uﬁﬂte?cqﬂﬁpwhlftgl zrnafdps@eﬁﬂe Bfarity, An@NE
exenpl ary enb urati on of

n cr oseconds, %th? ‘EBFLF? (‘E“éqSFyTa‘? pfgarityrﬁl 81’%’9%’3:38ﬁ]8§b1651'sgue'§’0‘”ﬁ %S within a
dem 32 oper amﬁorrgalatn 16Ce1xddzfrym e BINDECHES. ammelo:pla‘sedbublwtomblesehSBd) 94

25 Short as podan HRTRRe ALS db ki wRl¥brplid LIRS o B Lo IRIBO e 1 00 o
vari abl e dur atCP@rﬁoéwcnS@qul Wrihowinngdi‘cubenge pilsadqubiedistanamitied bi t

sequence. Thezwémplcmgsmr@@»&@ Frmpzbee@mw@saﬁﬂ (RSvAMage RvEgeredl tipl e of
the TICtinme in erva,B t he. duration expressed

A O B 3 L e A e
bit stream a~sosgiquendaedd asYrbgker-Fanpisior Logiw(DEL)deets. | Aediundiérhinried er ence
to figure C ]| Q0 ratlnga
met hod a codi ?BH;? ebleg% {chach?b'lfﬁg%é% %ﬁ)nﬁ)h&?&%fg%éeﬁ?&at% éct' %yéft

ENDEC 46) whi (§¢Fl“|lm§l Qrdeep-a0'dh Mindingsginst @qupHeg BRVAIQTECH MiL mtnheamtm@y 5£)r m t he
comuni cat i ong, 69@5&19&&1§fcn343&'p%lsj'e%u@&Bnﬁpxsuf@{m&lQ@y@éjéfﬂpﬁﬁﬁz@?cnc

expl anation, the encoding of a specific bit sequence,” conprising bits A-G
of bit streamy¥8, will be expl ai ned. The encodi ng net hod begins at step
104 with an exam narthcarrcon‘nytilmexlmxctlu&ﬁsta rte@:ub:esemwdedcc(nmirees Hiit A). At step

106 a determ so. the
next bit (i. @%Ee%%fgrag?gl%hg‘rﬁdeig %‘28& pcﬁé:lrrlp itry A?‘hesr JP%?O\%)\,{?%OL%%ICC& .ﬁ
comprise a debhim ev SofshawoyBbin Figprodcritaiebhid BTt heakiontihe hr ee bi t s

(E) . bits C E)fle%ﬁb:egémgraﬁatatamﬁncfum&f&rﬁtrc&fveelbghﬂe vsmrgtag\so&@yMirﬁml S).
ach of the b %lncuestheflxedISBl vvre% as the varible
ﬁﬁ SJM"G gt

duration symb rggiden BUsEH Vg SRgmpierol avavy YLEBp°Y 06 t hat
bit Alis a zerafiveba! tetrbmivep 50 effdse \mmgtlepThé)S,ave/ﬁbem 82 maglékdiighlyati on i s
made as to wh [ - bit C
det er m nes t hg&@n 1[6:% atnd% Jt(?r & HQQSCQ?I?% o@bé 8 %%%m?dbh{o% l(l & o%ﬂgal > E and
F) sel ect one“tmfm@ll@ht‘\S§§7<m‘b'mPlsPQXnlé-‘s@@éﬁdmewuml(lsyln@hb agptl@)ﬂe 1 1f both

bi A and bit @ccﬁfrﬁn@%rﬁé)mém?aﬁh@ @ﬁﬁ@%ﬁeﬂ%@n‘j@ t%ﬁl?lﬁ)nc]{ern;]jguudmere a
determ nati on |s mad e@}ﬂi‘i)‘n[@EO]Pet er’ bit Cis a-one dr a zero. If bit Cis

a one) then bftd WigeP RIES: IS EnI8Y 841 "E%P“é‘r‘FdfOf’H'é‘“}‘lé}{?r}mtcﬁP‘ése bits
(i.e, bits E, decigith &hdsglyect which of a third group of eight synbols
(Synbols 17-24) is selected to encode the bit pattern. 1f bits AL B and C
are all zeros, then bit D selects the 7



polarity and a Symbol U i~sselected to represent the bit paqtern. 08§ M&& 202
Accordlngly it wll be appreciated that Synbol O encodes a 4-bit sequence
000D) Symbol€°128’®ncode a 5-bit sequence 1BCDE, Symgl s 9- f 6T *a5%- bi t
sequence OLCDEF and Synbols 17-24 encode a 7-bit sequence 001DEFG The
encodi ng nmethod thus encodes bit sequences in groups of varying sizes)
specifically in groups either 4, 5, 6, or 7 bits. Thé synbols are assigned
to the encoded bit sequences in a manner which causes nore ata bits to be
encoded in symbols having a greater duration. For exanple) synbol 17-24

will include vari abPe-TaUNRPEGIPPSr HE BIFSCH HRRIAHY APLSCS BGEINSi APiHur ati on han

the vari abl e- du@akh@nsyFRObL!, mw¢ylnma$hmnnSv[nh@h&aéLoxSdehhse &l thows 0ptl mal
average and mninumbit rates to. Qaﬁvﬁhlev hg encodi g of é§$§
utilizing the pYlUEPGGAPIPENg AR fyst pgd second @t"é““‘é% YEIFLLHPE for
t he synbol al sef tomivenbiod,elsest dm}andas ophpridez&icirenl ofisel hﬁnsemueaﬂfm@ a

net hodol ogy. f| n S X l.ar ] he
modem 32 ol eHaNERe T g B eh o bRk R W B R R
encoder 46A i sthu orxghmh/nulm Engarcd fgnn 8 gamsoTTiS9e NNl Psodenrstebt e machi ne 1

16 and a token; s(ﬁ?_&é@%‘?cf STdJHuCénBCmH& hc&nvlﬁSObTE‘?eq%n‘é@QPdéi&&‘it% F‘%Fh' ne
recei ves a TIC ock and at Master State (M

signal 122 whi ewkm{&wa@%% Wé"‘?fﬁ@t‘ e”15 tféetrafféwdfnwt?{eﬂr%d@ﬁi@ie @ﬁtﬂicn‘speﬂ s
gener ated by thﬁxsmnﬁmusnaﬁmmhe e denaeds! 54 atba[ rmedfmma«vry e al so

recei ves data to _be encoded p DATA) , 124 ations
Cont ol Ter 54 URE EnStaes sl PEtsst HA i dhE b SR L e e N aRriTne. 5 26
i hcl ude the folHeowtiddysiagefais:52, ard, tohg?xom[bcseltmnﬁhnoAsumaﬂntlqurpudﬁc% tériusrirgg ngal
instructs the E)éc?h %{%E&c‘%rdntl xéé%ﬂ%eék RS Mls?@mﬂ&ﬁgnﬂ f@n{?%‘nos&f@?@l for

transm ssi on; Assertion o i s”signal inforns the
GPSI 60 to shlﬁF€UGENQW6PW3¥ @dpy: 3. NT_POL 13?: This signal represents the

data it which fol I Omrﬁlﬁ@amlﬁ&)FﬁrﬁchQh@ﬁJo@@ﬁi 3R IhQUR QR s TRRkfab oM
whi ch t he trans éy sele te 2 §¥§ %@ g arity of the next
synmbol del i m tlé‘r % cncﬁa ¢ cria (ﬁ"c eeAGPS DAY A0 TWARUBMEN encodes
whet her the ne)tilcr['nct: $2alee RG] GD abowO0R n{ddem. 3230 ket thchdogeng of daed gt

synbol s from | 3=I :
Thi s si gnal cg?hﬁgf?Egmcﬁggﬁh“%gmﬁg%ﬁg%ﬁ%]tsq%gFoI?%%FE %Eqpo 5§F3¥ bi t
i ndi cat ed by tHe GR3IH0 smmal §npgspal 132 and is used to select a synbol from
within a group of eight synbols. The tokemr-to-synbol conversion circuit 1
18 receives the TSET [ 1:0] signal 130 and the TSEL (2:0] signal 134 from
the state nachine | 16, and generatce the synbol to be transmtted,

represented by tl~e NT_$¥Nhal whnld] ST gf@lircidbn The syTnmiu{ﬂudm the NT_SYM
[4:0] signal 136) is proppgaedto—the—transmtter—60as \EM+++f+4fure 8,
ﬁ‘l‘:‘?lﬁe | SB ‘f" 'Wogﬂw to thep?gransmu nabl

whi ch adds to this synmbgl ~por tji Vigenérate the
conposite synmbol. The transmitter SCa Wall[s for a nufRedifigfTXsCS
rkpresented by this conmposite signal bétmeen the tran$pna&ir@Raéddel ifm ter

ul ses. 14 ‘
P X To Modem Transmit data to encoder
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will now briefl

asserted, gy

g

{

Operation of the enbodi ment of the encoder 46a shown in Flguresﬂ% e Y,
be described. Firstly,

the NT_pul ae ~i ~
7% pulse to be transmitted fromthe ! transnmifQT&iS98O462 The

260,

~nal 126 is

transmtter further includes an interpulse tiner (not shown) whi ch begi ns

a'':

asserted to receive a bi

register are then shifted to the |l eft and exam ned until
,|F&: Nederh T ONE ¢

patterns is recogni zed (|
found) S171ftlrl~ stops
the bit patent as a nunf

are then outputted to indicate the synfjol

conmbi national logic int
and the transmtter 60a
bet ween pul ses needed td
transmtter 50a receivey
T1C cl ock signal |22 ang
si nusoi dal pulse of a fi
NT_POL signal 132. The t
TXN out puts. The tine at
determ ned in accordance
transmtter 50a by the ¢4
inter-pulse tiner. Decod
9B. ~in response to the
transmtter 60a coupl ed
as that shown in Figure

) transm ssion

timed record fromissuance of this pul se.
within the encoder state machine 1 16 is reset and the NG_SE sJgnal

t fromthe GPS|

Next, °t

he shift register

128 is

60. The contents of the shift

one of four

ircek 000) 1.0l
and decoding | g
er "0.. 3". The

he encoder 46a
convert this in
encode the bit
pul se and pol &
t hen ~enenat es
xed width and ¢
ransmtter 50a
whi ch to gener

?9c within the
TSEL2. . TSELO a
sel ect and.t
(i.e. the conve
formation int@
sequence. Spegi
rity informatig
a pul se doubl g
f a pdlarity det
transmts thislp
ate this delim

frrdnf@s@ogakRr s i s

eﬂgﬁﬁgéygﬁg endodes

~ils
AEEROFafsericy. External
P KiISppOdwidic(ACdebst 1] 18)

X CEF‘F’%'%“ ¢s

)ﬁ“%VﬁEﬁWﬁﬁW%ed to the
ptonurahdil eimseonprijses a
FE} ned by ths

se oI the T)
FWH@“ﬂﬂlse IS

(P and

FRBNRN The synhd
rncoder 46a and

ing Referring a

IFrobMNiQERBT 1 0N - ¢
i n accordance '\
gainto Figure
of a sinusoi dal

JRFeivE BnablD€

“QUJ?.:.L t g ansm

0 Flgure
CPFINYE Perbtiditet

tter

froma

®xe POTS Wi ri ng
7) is received

Froft Mcderh ESPONS§

at a receiver 59b

P RWBNEL QNI 10U, |such

In order td

enbodi nent ,

anplifier

within the receiver
(which times the | SB
receiver

i gnored during the |1SB
that of the originally

peri od.
di fferentiator,

determ ne the time duratiion between transnitted pul se$. the receiver{ 50b
is required to determ ngRChE precise tijfemadfodanri val ¢Recaive AorkdeRuns pgaks)
such as the incident pegk 56 shown in Figure 7. In on{aﬁxgﬁmm@w%nUm
the main regeiver signal path consists of qg ficr
followed by a differentijator (not showq). The anpliflew"ﬁﬁf BSeesgdary to
conpensate for the low firansnmit |evels|required for cQdpingarpeonwiarh FCC
Part 68) and gain is acg¢ordingly fixed|at about |5dB: I&@sgyagykdof tthe
is fed to a I di fferentilator, whose outggt chan t)ﬂ:olarity
whenever:thc input wave|form s slope changes sign. The dUtgtE:? ?”T
differentiator rs gated|by both trine 4nd anplitude pfotesssmguadplituilt s
SQb.| Follow nj tyejdetection of a|peaksdufgduckd Mer
imterval 9=t) isjstarted. Duriq;r&gh%ntlne t he
SCh is disarmed. Peals within|the received vy Fofm 1 SU afe
Chémrval ) even F@mmhewanplitud@@heum&gweater t han
let ect ed peak. The ditferentiU1g5mn§ym@e,sensitive
to noi se and thus susceptible to produg¢i ng spurious o uts durin e | SBI
In One exenpl ary embodi ment, t¢ further duall1ynﬁwem6ﬁf'iﬁ%qﬁ t he
two co~ q~parators and a peak follomj1gmmﬁhreshold
generating circuit gq O B Eh HEErBEL 63 4*55% ST 20 alarﬁ‘lehh'éeq’dH&hrR“' se.
The conparators take as Inputs the arn~ wav ef odn and hr eshol d
The caMpEAGHSMHNAZEERNYEOSISHES PP ef?fﬁegee 6f““ﬂW€f°§ﬁi§Pf f"f‘B’ﬂ P& put

vol t age.

waveform so t b@immneﬂ@mamwwr 38 uﬁnsttlﬁikltmctr&xcacd dsmen

exceeds the thre
output is actlﬂ% Wﬁﬁ

di recti on.

circuit) tacks the. e =N
peak 56 pausesp rﬁe~t Pegh Jde1tage
exponentially, as shown in Clgure 7, iIn

expected | owered anplitude responae of
ensures that the threshold voltage can only sink to a mninum val ue
rcpresenting the maxi mumsensitivity of the receive 50b. A synchroni zed

digital
50b is again ,
t hreshol d, and the | SBI

timer

the anplitied line voltage risen ahove,

vol t age,

{]
hthf’ ﬁ%ﬁ%ﬁ@f’%‘}cﬁ% BX c@ggesoﬁ?gm? RP: esrhoqe
ThecmhmeshmkmSVOMUH@e34qam@ﬂanedunyoﬂhEMKhhe§ﬁoﬁwﬂ56herat|ng

fn 3hge kt'aFc'dqﬁmsch@EEPﬁ@M @Q86oddhg 1 nci dent

be al |l owed t
a manner that

recei ved reflectlon pul ses.

state machine controls operation of the receiver
armed when the anplified waveformvolta;e is below the

has expired. As a new waveform 162 arrives)
or falls bel ow,
causi ng one of the two conparators to agai n becone active.

ma sp&a:e of@pQhtn, M

eord”ggmnlpllrator S
In a negative

0 decay
roughly nodels the
A hras

60b. The receiver

the threshol d
Thi s

then sets a latch which remenbers the polarity of the incident wave form
and di sabl es the output of the other conparator until| the receiver 60b is

re- arned The settlng of thls Iatch ‘cause the threshdld voltage to be

T
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M

g, —— 1

I I S o



system cl ock isolator.
turn,

hol ds t he conpar at or

|atch circuit

blind to ah§*¥biesinput pulses until the ISBI tine expires. PHHUFY/ HHE

receiver 50b is waiting of the next pul se,
is rn a high inpedance state,

out put
t hreshol d vol t age.

Detecting the peak starts the 1SB1 tiner V\AﬁShMARnZGQQ
reset and nmakes the receiver 50b

the threshol d generating circuit
allowing a capa¢itor to hold the
A bl eed resistor causes this voltage to drain oft,

effectively increasing the Sensitivity of the receiver 50b with the passing

of tune fromthe last pu

Se.

operation per f orsrethatigallyrecrgniodae carselleiShieis idskiciliniyinlizeHe Table@deiowd6h

receives the engqding. %Mmm si S

reconstitutes a token (i

i

~"set/sel ect

air) from whi

:n@@nc?r@uUn@ﬁﬁ‘eH’h%nfn%‘ﬁ@t‘xé/rﬁcﬁa@()b and

ch the origina
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The receiver 50b further includes an Analog Front End (AFE) 50c and a
Phase-lock loop (PLL) circuit 50d. The AFE 50c shapes 4ransmit pulses, and finds
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it will readily be appreciated that the circuitry and functianal ufif MAR 2032
descri bed above may readily be incorporated within ah Application Specific

| nt egr at ed 8 %4Ft6 (ASI C). Thus, a method and apparatus for PERESE AN
decoding a bit sequence for transrri ssion over a POIS;w ring have been
descri bed. , Although the present invention has been described with
reference to specific exenplary enbodiments, it will be evident that

vari ous nodi fications and changes may be nade to these enbodi nents without
departing fromthe broader scope end spirit of the invention. Accordingly,
the specificati andanticatrsanthegeces er 66b He timedrnged: noanion|of Ustinadin geakasfher
than a restricti, v,gcésgas\eaw%,h]( ulsef. ~ CLAIM5S What is clained is: 1 d |
1 . A nmethod of encoding a t blt sequence as a synbol for transm ssion
over a carrier medi urfise¥e %V%@FS W&\Wiqqeméztlp?ﬂﬁd%W5§H“OW JdpRIEc Gt iNEChf t he
f'rﬁtdb't iSegUerhﬂ@\ﬁ/élﬂdoh@!xlﬂg’)ﬁﬁhtﬁlﬂmﬂﬂel@Bb%r’]lfEt?&hel%?@ﬂﬁ&a ndng@nidliéabs, the
met hod i ncluding the st ceivin e i t ence at

encoder; and |dgﬂﬂ?%’% %f’eff‘?‘ét 59%‘8? CCL ﬁéﬁd"dﬁ‘%ﬁ f‘ﬁqﬂf%ﬂjﬁelﬁfﬁ?e of
the bit sequencencllﬁdasmnfatcrjccmj:dﬂremcrdumeﬁ:ﬁ gﬂ@que@fMaymhod:ess Unhigiveith), the fi at

Sy DO COMPT | Se DL PRARHENIROLLARNAN Dt [BhaBOND! 4 120 wher ei n

the buffer portion 1s of 48V ur at ‘to al
generat ed by prdpagdemimsesiMemeryf(SRAMIE. i Thctadpplerbd as6 asarnondrltengdi um to

decay to a pr ed%%rvéndn@%deﬁ«\éebach@mr&n ampﬁ%ﬂcerbu@fe,mgh §g&@mcrqséadmyt er.
2. The net hod of aim] wherein the first and secon%ﬁﬁelm ers conprise

first and second"@fraR{PiTEFM iR ERPPPHE HUEH TGS §OON #ig lﬁoépF%éﬁjdr W5 the
syep of encodi ngmah meastr thesebilte SKANITE (b iematatdinio 13tgqu%ﬂ©endmﬁdr1e32| ng the

p0| arity of eit %peltlpePJCkCétba%E’ Ja? %gcft())c{?wegulo%eme%ar%d lhf; rﬂ’%ﬂlggt {Pl%g’ 19];) %l aim

2 including the's eas I'st
sequence utili 2|ongcmhed1p@harhet~3¢amr:r $-heéoes moorac piN 4 € LN atldigss. tTdetadepter

polarity of the 6f-1|f{1§l§erF?M.ll§dacs dqu zvs &ﬁmy@&% foTh@Bﬁﬁ‘e”q“QQEEsé)fanG'[@b'T@Jll jwher ei n
the predeterm ned grou varying durations

P2 o R kriog Shtfevsy b
and each associ &P¥¥CHt IS-a *egc&ese LPE YA ”b‘r‘él%t‘éfé’r“rﬂ“ sgregh "%’éﬂ]jéﬁﬂf\e
wherein the groupeedfofswﬁmbte}&mm atdpsr 8y Aboineludts agaraly duighoon Ligat are

glels;[ :nn?glrzhed frEonml%%qﬁogést}EEDg}/glhe polarities of their i respective

Encoding
As a result of the arbitrary topology and the unterminated nature of the

POTS wiring. the present invention proposes encoding pi‘edelermined bit sequences
as respective symbols for traunsmission. In one embodiment, each symbol is
distinguished by having a specific time duration. this tim% duration being

) determined by the time interval between the receipt of firdt and second delimiters, in
the form of clectrical pulses. The present invention proposes encoding data in the
precise time arrivals of short duration pulses which are widely separated in time.
As described aubove, a trunsmitted pulse is attenuated andiscauered as it bounces
around the wiring 14. After enough time has elapsed, lhdj pulse will die out and
another can be sent without fear of interference from the i)revious pulse.
Specifically, once the reflections resulting from a particul%lr pulsc drop below a
receiver's sensitivity threshold, another pulse can be sentiwithout risking inter-

symbol interference. Reference made to Figure 7 Wthh shows the waveform 52
11



>, The method of claim1 including the step of generating the first0gnHip 2002
second del iy be[s,4 0 each conprise a pul se doubl et having first and second
portions of equa duratl on and opposite polarity. G The met RodUst¥1éf%i m 5
including the step of generating the first and seconq delimters to each
conprise a sinusoidal pulse. 7. The nethod of claim1 including the step of
determ ning the duration of the encoding portion accordi ng the nunber of
bits. , S. The nethod of clai m 7 wherein the first bit sequence conpri ses

N bits, the nmethod ing¢ludin st eps of ceiving.a secaond bit sequence
conpri si ng N+M bict8YCGaHd Feeht| 359.%&*&0%%@8 ”§9/Tﬂ5‘é‘l‘°'i Pk ©aysoidsl plse fhem
second bit sequence)smuher®an Asheus@eand oay BR0bdingnl @Ing@pret,émm\fch@orfl rst

synbol. r1l . An der ar.ra t,.for encodin uen
synbol for trans%?ssfé’r?e%\}té\?myqﬁ E l?&"y%ﬁ’yfﬁ}pogwgd@%}%ﬂdcﬁ ﬂ%afarts'l e
duration indi catposk 56f the bit sequence and bei ng defined by f| rst and

second delimtters, tﬂa@nﬁ@g Bles B [ANY! Uﬁ@’iu&oﬂgr&cﬁf érqemfws @ﬁh&?&;@lfdto

receive the bit sequence; tching circult entlfle
froma set of pri@deteh Henwer RYyyel e Inpsdicsaen vep%“fcgﬁﬁéb%ﬂpl%qheﬁz:@ib and an

out put that transaiiSmchaifitigadghémcdiarTiand dtied «5e6@pHsiAebiimkt er defining
the tinme durati on of the, synbol, wherein the synbol conprises an encodi ng

20 portlon 15 %'?.ﬁbfer portlon and wherein the buffer portion is of
sufficient duration tRefalrirgmavefpeedtdabns Figenesat adxcbyrmqﬂgxatdl eymbdls boe

first delimter @a.fhe&arbieichRt md3.9[.,9%&%%9‘}%@9& cALELMAEL ] evel

bef ore propagation of the secon rmt ar'rangenment
ofi ¢l ai m 13 whertgintmitid ffqrp grecgpgr Q@t@:@mtfdﬁe}/nrm@tlér@aclomnM@Oﬂm st and

second el ect 1| Cahedhlrhfised @MIRGLANEL Ve ot DR SRE0LBN s@fEARINTBIM mbEI N6
configured to encode at |east one the bit sequence utilizing the

polarity of eitHBYSLERRATRIF FAGh Qfthg b%é’cdfﬂﬁ” ﬁ)ﬁf"*g%dmam‘”b?ﬁ@ Ay arran;
gnent of cl ai m Yefkanoas eisalting fenenepdie 9bed ﬂg:ASZQbBIfOMQLUfeedvérQ (BRCIE Thh@ at

et e L1 Sy N BB o L 00 DR PRLOUUAY PuHS 1,
symbol portion, and may be convcmcnlly referred (o as pn Inter-Symbol Blanking
Interval (ISBI) 94. The duration of thc ISBI 94 is dctcrénmcd by a number of
factors, such as the complexity of the POTS wiring topology, the impedance of
terminators (e.g., telephones) on the ends of cach wiring branch, and random noise
on the line which may add to the amplitude of decaying reflections. In one
cxemplary embodiment, the ISBI 94 has a duration of bgtween | and 5
microseconds, and specifically of 2.1 microseconds (i.c! 20 TICs within a modem
32 operating at 60 MHz.) It will be appreciated that the ISBI 94 cffects the
) transmission data rate, and it is desirable to have the ISBI 94 as short as possible.

Each symbol 90 is furthermore shown to comprise a variable duration
symbol portion 96 indicative of a predetermined bit sequencc. The symbol portion
96 may be expressed as an integer multiple of the TIC timc interval, and the
duration of a symbol may thus be expressed as ISBI+D"1TIC, where D is an
integer. |

An exemplary method of encoding a bit stream ab a sequence of symbols 90
will now be described with reference to Figure 6. Specifically Figure 6 shows a
coding tree 100 illustrating a method a coding a bit stream. The encoding is

12
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12. The encoder arrangement of claim 13 including a menory resour gdggt HA? 2062
store a predeterm ned set of synbols of varying durations, each of the -
symbol s be¥Ag*i¥dbcative of a respective and predeterni ned Bri/Usgjuésice,

di stingui shed fromeach other by the polarities of their respective
delimters. 13 . The encoder arrangenent of claim 13 including a

transmtter circuit configured to generate the first and second delimters
to each conprise a pul se doubl et having first and second portions of equal
duration and opposite polarity. 1'+. The encoder arrangenent of claim 17
wher ei n t he trapsfierntedbyche ENDEG 46, odndhi igeinéd =t «hifgegbreateeivive; ii ststamand
second delimteg r L i I €vnlesm ager
arrangement of L a el TE ahar oo a s o B R B eSR go; Forind dEFRETY
duration of thecxjaborndbesr@iding af Beperifibeit saspensict epming bits A-G ¢ibit  The

encoder’ arrangep@ml 10 vall 8k BxdifinvdeTrd dhcbis BleihRIORPREGE ISP IS WRkan N Di ts,
t he encoder arrangenent receivi B@@Bﬂf urt her Bit sequénce conprising N+M
i

bits, and the nBIAHPHEPCS IRUIG TERFTIGuUFU £b AR 1000 dEtarrabigp 1S
synbol indi cati wadohs tohehdibartbitex idi dnesepudns.ahe WxebRi(ie. bhed fdaterhates shenbol
is longer than the .synbol . 11. hod. of .encodi a hit seguence as a
symhol of transPr%r)]léuslE%OHJ%OD\}I]eSrc Wé“%éf“ﬂ?‘%rmpr%gf’Shl]”nqﬂeor?éﬁwg?l f f&%ﬁ@“agt‘? e
duration indi cuki Vdicaexttheeelbits (ixequehde saltd dyeialg fistserafienshd spybdlsr st and

second delimt e[%)mtgchsel-@?.t hed, dmsd Slprinﬂ(gstl-kBE"méltuﬁcRSthf'i'éTd [2094Vidge i Renbi t

sequence at an encoder; identifying an _encoding synb portion lhaving :r
duration i ndi cat#vlofurpen Wmbos BRfEAEE; and appendi ng the eneodi ng symbol
pertion to a buffer sywhotiv@ert it dda@me@ast Ss 1 0GheWIPAVY § feroMibMlkeihoti he
buffer synbol porti O‘f‘ [ha%/i rlle a, dycr até[o_n suffi.ci eﬁt to 3I |, ow r%f.l ectiaons,
generated by prBSSEEIOREY 'Yhe G SECGETHPY MEAC P8 AKHIET BY BisditiiP  t o
decay to a predetsonilhdBlieyehe. behdneC gelopaiges tho pulef pdliwdy sied drechedethiari t er .

22 . AFl . Ah. An. A A A3LA A 1 A0 A A\, of
s Syl g SR . o) EAAT A ety Al
a] ca] ca] ca] ca] c%jléé] caljc aJcaUc a]ca]ca]ca]lca]ca]calca]calUc<alc<al ~n p z

LG A" eme" 1) * H- . iZlfEA ASa ke adlker Unemlieakdicad sratceal cadgal wr] cal cal ¢

a where a determination is made as to whether bit C is a onjp orazcro. IfbitCisa’
one, then bit D determines the pulse polarity and the next three bits (e.bitsE, F
and G) select which of a third group of eight symbols (Symbols 17-24) is selected
to encode the bit pattern. If bits A, B and C are all zeros, then bit D selects the
polarity and a Symbol 0 is selected to represent the bit patern.

Accordingly, it will be appreciated that Symbol O é:ncodes a 4-bit scquence
000D, Symbols 1-8 encode a 5-bit sequencc IBCDE, Sernbols 9-16 encode a 6-bit

) sequence 0ICDEF and Symbols 17-24 encode a 7-bit sequence 001 DEFG.

The encoding method thus encodes bit sequences in groups of varying
sizes, specifically in groups cither 4, 5, 6, or 7 bits. The symbols are assigned to
the encoded bit sequences in a manner which causes moreidata bits to be encoded in
symbols having a greater duration. For example, symbol.% 17-24 will include
variable-duration portions 96 which arc longer in durutionithan the variable-duration
symbol! portions of Symbols 1-8. This allows optimal uve%rage and minimum bit
ralcs to be achieved. The encoding of a bit utilizing the palarity of a pulse which
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a] ca] ca] ca] ca] cahpalttl&Alsha) H@ﬂd%&&@h%b%&i'ﬁ@k%}§@h’@ﬂs§a]rﬁ@]::%b@@l&d@]sca] c

alcal! Gr]c)/12UG xsni d
a} cal Ca} C;] ca] C}a 8‘3]’65?1%]%@]%6%]:% ]”d ‘Jé‘ encife Jmtc mi 1chme 116 and a token-to-
a] ca] ca] ca] ca] ca}/m])k:a]rwax]sm]dma]xma]&aTlma@ycmB‘Ffté)%l&néé ret@ilt&% &C( groth, t 109&

- A0, O IOME B0 6,11, £0080 11000 s PRUIRAR 1o s
~ @#10% & () - 10%9&F(<)M®&]!0@f1&'déf)132 an0ts gePeracothy @3dPess &equenterdi@ J1evR. () -
pH<~_@+ 10% K‘%nééd’e R HLOIRS & € disd RkeidQ%n tagfo (32 cnc%dqd via input (GN_DATA)
124 from the communications controller 34 via the GPSI 60. The outputs of the
) encode state machine 116 include the following signals: 1

I. NT_Pulse 126: Asscrtion of this signal instructs the transmitter to send a
pulse and to accept a next symbol for transmission;

. NG_SE signal 128: Assertion of this signal iinforms the GPSI 60 to
shift out another bit;

3. NT_POL 132: This signal represents the duu] bit which follows the bits
used to select the group of symbol from which the transthitted symbol is selected,
and sets the polarity of the next symbol delimiter (or pulsi»c);

4. TSET [1:0] signal 130: This signal encodes whether the next bits are
000,01 or 00! (i.e. sclects the set of eight symbols from which the symbol is
selccted) and

. TSEL [2:0] signal 134: This signal compnqei the three select bits
1"ollowm5,T the polarity bit indicated by the NT_ POL smnpl 132 and is used to select
) a symbol from within a group of eight symbols. |

The token-to-symbol conversion circuit 118 receives the TSET {1:0] signal
130 and the TSEL [2:0] signal 134 from the state machine 116, and generates the
symbol to be transmitted, represented by the NT_SYM [‘fi:O] signal 136. The
symbol (i.e. the NT_SYM [4:0] signal 136) is propugatcb 1o the transmitter 5Q0a, as

shown in Figure 8, which adds to this symbol the ISBlg

portion 94 to thereby
. . A
generate the composite symbol. The transmitter 50a waits for a number of TICs

represented by this composite signal between the transmission of delimiter pulscs.
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10 U 10 U includes an interpulse timer (not shown) which begins 1iumed record from issuance
of this pulse. Next, the shift register within the encoder'state machine 116 is reset
and the NG_SE signal 128 is asserted to receive a bit from the GPSI 60. The
contents of the shift register are then shifted to the left and examuned until one of
four patterns is recognized (i.e. 000,1,01,001). If onc of these patterns is found,
shifting stops and decoding logic within the encoder 464 encodes the bit patent as a
number "0..3". The TSEL2..TSELO and NT_POL signils are then outputted to

) indicate the symbol select and the polarity. External combinational logic in the
encoder 46a (i.e. the conversion circuit 118) and the transmitter 50a convert this
information into a number of TICs between pulses nceded to encodc the bit
sequence. Specifically, the transmitter 50a receives pulse and polarity information
synchronized to the TIC clock signal 122 and then gencdates a pulse doublet, which
comprises a sinusoidal pulse of a fixed width and of a pclylarity determined by the
NT_POL signal 132. The transmitter 50a transmuits thisipulse on the TXP and TXN
outputs. The time at which to generate this delimiting pylse is determined in
accordance with the symbol information sent to the transmitter 50a by the encoder

46a and in accordunce with the transmitter inter-pulse timer.

Decoding
Referring again to Figure 8 and to Figure 98B, iin response to the

) transmission of a sinusoidal pulse doublet from a transmjtier 50a coupled the POTS
wiring 14, a response waveform 150, such as that shown in Figure 7, is received
at a receiver 50b. In order to determine the time duration: between transmitted
pulses, the receiver 50b is required to determine the preci;sc time of arrival of
incident peaks, such as the incident peak 56 shown in ngure 7. In onc exemplary
embodiment, thec main receiver signal path consists of aniampliﬁcr followed by a
differentiator (not shown). The amplifier may be necessary to compensate for the
low transmit levels requircd for compliance with FCC Part 68, and gain is
accordingly fixed at about 15dB. The output of the amplifier is fed to a
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$y&10B & () -& Y the comparator latch circuit reset and makes the receiver 50b blind to any more input

pulses until the ISBI time expires.

While the recerver 50b is waiting of the next pul}.e the threshold generating
circuit output is in a high impedance state, allowing a capacnor to hold the threshold
voltage. A bleed resistor causes this voltage to drain of'ﬂ:, effectively increasing the
sensitivity of the receiver 50b with the passing of time f}om the last pulse.

The decoder 46b performs the reverse of the opeirauon performed by the
cncoder 46a. Specifically, the decoder 46b reccives the encoding symbol portion
96 from the receiver 50b and reconstitutes a token (i.e. aisel/select pair) from which
the original bit sequence can be generated. Specifically,|the decoder includes a
symbol-to-token conversion circuit 200 and a decode state machine 202 as shown in
Figure 9B. The conversion circuit 200 receives the symbol via input
RD_SYM[4:0] 204 from the receiver S0b, this symbol being derived from the
mcasured inter-pulse time. Specifically, the receiver S0Y identifics a composite
symbol based on the time duration between succession Jehmuer pulses, and
subtracts the known fixed-duration (or buffer portion) (ILSBI 94 from the
composite symbol to reveal the encoding portion 96, wh]ach is represented by the
signal on RD_SYM[4:0] input. The symbol is converted by the circuit 200 to the
following token outputs:

l. RSET{1:0]: This output indicates the set:of eight symbols to which
the relevant symbol belongs; and ]

2. RSEL[2:0]: This output indicates which bf the symbols in the
selected sct comprises the appropriatc symbol. :

The token values are then fed to the decoder state machine 202 which, based
on the supplied token consisting of a set, selcct and polatity, determines the length
and pattern of the decoded bit sequence. The inputs to lP’c decoder state machine
202 include the following: 1

1. RD_PULSE 206: This signal indicates lo} the decode state machine
202 that a symbol pulse has becn detected; and :

2. RD_POL 208: This signal indicates the polarlty bit of the pulse.
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Outputs of the decode state machine 202 include the following:

[. DG_DATA 210: The decoded bit sequence 13 sent to the
communications controller, via the GPSI 60, on this output; and

2. DG_SE 212: This output tells the GPSI 60 td shift in another bit.

While the above excmplary embodiment has bcelil realized utihzing FPGAs,
it will readily be appreciated that the circuitry and functidnal units described above
may rcadily be incorporated within an Application Specific Integrated Circuit
(ASIC).

Thus, a method and apparatus for encoding and decoding a bit sequence for
transmission over a POTS wiring have been described. }‘Allhough the present

) invention has been described with reference to specific cjltcmplary embodiments, it

will be evident that various madifications and changes mpy be made to these
embodiments without departing from the broader scope and spirit of the invention.
Accordingly, the specification and drawings arc to be regarded in an illustrative

rather than a restrictive sensc.
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CLAIMS

What 1s claimed 1s:

i
i
!
|

l. A method of encoding a first bit sequence as a s}_ymbol for transmission over
i

a carrier medium, the symbol having a time duration indicative of the first bit

sequence and being determined by first and second delimiters, the method including

the steps of:

1
|
recciving the first bit sequence at an encoder; ang

}

identifying a first symbol, having a duration indlcative of the bit sequence,
from a predetermuncd group of symbols, wherein the first symbol comprises
a first-encoding portion and a buffer portion andi wherein the buffer portion
1s of sufficient duration to allow reflections, geniﬁ:rated by propagation of the
first delimiter on the carrier medium, to decay lo%u predetermined level
before propagation of the second delimiter. !

2. The method of claim | wherein the first and second delimiters comprise first

and sccond electrical pulses respectively, the method indluding the step of encoding

at lcast onc bit of the f{irst bit sequence utilizing the polaxi‘-'ity of either the first or the

second pulse. i

) 3. The method of claim 2 including the step of cncciding the at least one bit of

the first bit sequence utilizing the polarity of the second pulse relative o the polarity

of the first pulse, or vice versa.

4. The method of claim 1 wherein the prcdetcrmqu group of symbols
includes symbols of varying durations and cach a%socmlled with a respective and
predetermined bit sequence, wherein the group of symbtnls includes symbols of
equal duration that are distinguished from each other by§ he polarities of their

respective delimiters.
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5. The method of claim | including the step of generaung the first and second
delimiters to each comprise a pulse doublet having first and second portions of

equal duration and opposite polarity.

0. The method of claim 5 including the step of geneyrating the first and sccond

delimiters to each comprise a sinusoidal pulse.

7. The method of claim | including the step of determining the duration of the

cncoding portion according the number of bits.

8. The method of claim 7 wherein the first bit scquencc comprises N bits. the
method including the steps of receiving a second bit sequence comprising N+M
bits, and identifying a second symbol indicative of the sacond bit sequence, wherein

the second symbol is longer than the first symbol.

q. An encoder arrungement for encoding u bit sequdnce as a symbol for
transmission over a carrier medium, the symbol having atime duration indicative of
the bit scquence and being defined by first and second delimiters. the encoder

) arrangement comprising:
an input coupled to receive the bit sequence;

a matching circuit that identifies thc symbol, from a set of predetermined

symbols. indicative of the bit sequencc; and

an output that transmits the first delimiter and the, second delimiter defining
. . . | . .
the time duration of the symbol, wherein the symbol comprises an encoding
|

i
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portion and a buffer portion and wherein the buffer portion is of sufficient
duration 1o allow reflections, gencrated by propagation of the first delimiter
on the carrier medium, to decay to a predetcrminﬁed level before propagation
of the second delimiter. :
|
10. The encoder arrangement of claim 13 wherein the first and second delimiters
comprise first and second electrical pulses respectively, the encoder arrangement
being configuied to encode at least one bit of the bit sequence utilizing the polarity

of either the first or the second pulse.

3 1. The encoder arrangement of claim 16 wherein the encoder being configured

to encode the at least one bit of the first bit sequence ulil;izing the polarity of the

second pulse relative to the polarity of the first pulse, or vice versa.

12. The encoder arrangement of claim 13 including 4 memory resource o store a
predetermined set of symbols of varying durations, eucﬁ of the symbols being
indicative of a respective and predetermined bit sequcncip, whercin the set of
symbols includes symbols of equal duration that are diséinguished from each other

by the polarities of their respective delimiters.

13.  The encoder arrangement of claim 13 including a transmitter circuit
. . - ] .
configured to generate the first and second delimiters to gach comprisc a pulse

]
doublet having first and second portions of equal durati?n and opposite polarity.

I%.  The encoder arrangement of claim 17 wherein the transmitter circuit is
configured to generate the first and second delimiters to each comprise a sinusoidal
pulse.

|

]
15. The encoder arrangement of claim 13 wherein the matching circuit

determines the duration of the symbol according the number of bits.
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indicative of the further bit'sequence, wherein the furtherisymbol is longer than the
1

symbol.
i

171, A method of encoding a bit sequence as a symbal of transmission over a
carrier medium, the symbol having a time duration indicative of the bit sequence and

being determined by first and sccond delimiters, the method including the steps of:
) receiving the bit sequence at an encoder:;

identifying un encoding symbol portion having a duration indicative of the

bit sequence; and

appending the encoding symbol portion to a bul't;’cr symbol portion to
construct a composite symbol, the buffer symbol portion having a duration
sufficient 1o allow reflections, generated by propagation by the first delimiter on the
carrier medium, to decay to a predetcrmined level before propagation of the second

delimuter.
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