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. APPARATUS Fgég 1 | NG AND DECODI NG A BI T SEQUENCE FOR TRANSM_SSI ON OVER
POTS W RI NG'FI TI-i E | NVENTI ON The present invention retHPa/i462
generally to the field of encoding and decoding digital data for

transm ssion over a nmedium Mre specifically, the present invention
relates to the decodi ng and encodi ng of a bit sequence for transm ssion
over Plain A d Tel ephone Service (POTS) w ring. BACKGROUND Local Area

Net wor k (LAN) standards and products have not si gnifi cantly penetrated the
honme conputi ng mar ket qur [0 Eff B f | ack of
percei ved need and the [}gd@g ng, which is
difficult within a residenti aI sonal conput ers
(PCs) are becomi ng increasi ngly contgy use 10 ds t he notion of

i npl ementing a LAN within a resi dentl a enV| ronrrent IS gaining in

popul arity. Spegfthe@+tye ihenadbNity to share information between nultiple
PCs, and to share resources Such as printers and nodens, is beconi ng

increasingly attractjve to hone.co uter i cul ar e ability
to achi eve shared) Jah-I IGREEHPL LY PR nﬁ‘ ég’ @l‘ﬁﬁ%’é?’#% ‘"&%‘5!‘;?89‘«5’55
w thin a housetigla dag ﬂoecrmmlmgsxmrrmrbamﬁxms Mblctslpﬁdlécdlll‘_yems pwdsthi n a

resi dence may b m cal
met hod of Crea{r\{b%mn rEAlﬁa%&)%%séé/dl %an% %S‘\z?dsn gfea l& P&ﬁﬂc{‘gE Tor%%g@cségugl ng t he
existing tel epmmé‘lw Alcgelapharicrbernies (ﬂ’éB‘Sdlemr@ (POTS Wiri ng) as the medi um
over which the LANis inplenmented. Such wiring typically conprises

unshi el ded, twihgiedspaiung UTP) tel ephone cable and nmay conprise either

Category 1 or Category 2 cahle) a fined by the EI A T1A 56~

speci fication. The H8 "cf’ffe@gﬁtl’f’)ol‘}é@i/ﬁgh‘t‘?'a@dﬁél“éBWSH% FEINRGSIBBEEYY nunber
of probl ems i npddeatiet ke Hansaimasing Mmadet tatauvsibgnelreasons tncheitngy thevek an
arbitrary, unt t .
haraciell st Cgfrﬁ% e%CLeX‘é Fﬁme%é’%% r@éﬂdxst‘ﬁ'hmn%’?g@{% Jc%n‘%@ »Et. gmﬁdlﬂ"gull
ternination comthnnmpeécm@l tl%éelmédsﬁsmwﬁtpwmwwtm@mrs Hilgnare bgagming  ~

~~ '~~~V o~ mcxcasmnly%oﬁmﬂﬁ »@fﬂghgus%h&HﬁlﬁlezlmgnB?H;ﬁ%érﬁm QfLANgnas and
unpr edi ct abl e peaks and val | eys.in frequency.re e V\n%hl n.a bapd of
b i onPR Y

interest. The PEREENEHENYHS “éf‘f%&m PSP faIpHP SRargr e
conmmonl y i npl emanhﬁdoh Betnesh et plaPCyand lttgshaaetﬁeacmualqeuctm griewed asndof si gnal
f eat ures whose_d ratlon is.short conpa 0 | & t he
wire branches " ATAN lfer'(r:ﬁfmn hte qug {"r%g[él |aI mgﬁg?\%ﬁe Ian%‘rl@%léﬁ};my

al so be requi rédabiditwexhsve V\hhlrfhﬂ higd- %Pmnmwn@mﬁ ta/rtdmrmlmf opeorm@Tpart 68
conpliant, whi @nhﬂ'aq&lgé%lé1|§%eé§r§in9ﬁm?6rgﬁﬂﬁi\§mﬁf\ﬂubh ulQs TS @RULRGYe fRIPANENT S
bel ow 270 kHZ and transporgﬁ evel s bel ow 178 nV. SUMVARY OF THE | NVENTI ON
According to aV{SheHPUILAnRRRSY rackey 8Kttt here is provided a nmethod of
encodi ng a bit sequeneecasmicasyelinl of oreatimgansaNssihom: eyeenél barsehad nedi um
The synbol has ime_d t f i me
duration of t h%roggses umeqﬁ% éx?snm teq%#l%%é \»/vEer! \Vltl}bﬁll% gSIE&ggﬁépd?%lv}llJr}l&t)é%s The
met hod commrenceés nwdmm oher wie@erbmw @rxrrlphelemeﬂ Segjueiiing tericaly compoidesr )

whereafter a symhRhdedh@NiBg @n@UTﬁ)tt'eQBhdn@@htﬂ@Tahd’ﬁaa?Eo&BﬂeQ‘ukcﬁ@ﬂé’ﬁdﬂ?¢1 i's
identified This synbol ihel ddes encod

I% lportlons &ﬁ Ll!)ffer
symbol porti ono‘ig“‘%ﬁo%ufcf"?l&‘&rf? fipgd iy ’(H‘El ’frdﬁ 5t68 sBﬁfcl' SFRiPes M @hsvc
gengr at ed bydt h&dfér{xtf:ﬁi?dﬁxbhﬂtvﬁref" 3cd ‘hﬁjr?:ta:? bf plobrrediinithat the udegaiysibwof

pr edet er m ne vel hefore of the secan I n one
embodi ment , %a??’Fg S o %%gonﬁgdeﬁ%m% unpcrmma Gt \ﬂggb&qﬁrr\ﬁ/&nr’ ectrical
pul ses, and at utkeasn edregidal ¢ha0fctetrhecsb|Tmlssequemmmﬁwb@uﬁn@@i@édn@mel i zi ng
the polarity off Bﬁteﬁﬁfﬁgm &%mmléq% meeﬁ%ﬁ%ﬁm rw]e&t%n%rs%g@qnaspect of the
invention, there i1s provid a nethod of decoding a synbol having a tine
duration |nd| cative of a b|t sequence) the time duration be determ ned by
first and second delimters. The decodi ng nmet hod comrences m mlwmmmst
delimter is detected, whereafter a tinmer is initiated. Det“ m‘n e
second delimter is blocked for a predeterm ned buffer portion.gkedhe
synbol to prevent detection of reflections resulting fromthe propagation
of the first delimter over the carrier medium The second deafim [
then detected after expiration of the buffer portion of the jmmmmnmmmw
enbodi nent, at |least one bit of the bit sequence may be decoded ygj,li.zi ng
t he pol ar|ty of the second delimter. 2



Dfi- ~ v .. . t The invention extends to an encoder and a decoder which _
i'npl enent the above nethodol ogi es. Other features of itheipresent /i hvkrt od

wi || be apparent fromthe acconpanying draw ngs and fr herdatAai
oIS pr oBeld 39

descri ption which follows, BRI EF DESCRI PTI ON ‘OF THE prese
invention is illustrated by way of exanple and not linmitation in th@ § MAR 2062
figures of the acconpanying drawi ngs, in which |ike references indicate
simlar elements and in which: ' Figures la and Ib illustrate Local Area

Net wor ks (LANs) inplenmented using arbitrary topology TOPS wiring. Figure 2

is a di agrammat |.¢.Le0 §SEHLANARnleaR bR PRk KarRh Al in R QEfLy R8s pofscOne

enbodi nent of the present  Invention. Figure 3 is a diagra LC .
represent ation BFRLR R5aepf RieEST gﬁ’ﬁé"’f’f)%?ﬁl‘é“@rﬂ%&? ?%W%B?mﬁrﬁét‘%ﬁe‘%ﬁ?

i nvention, incladedmmdnly impleeened woekidgital winmgs husnatenhdleyels of digndti gure 4
i's a di agrammat G, fE&NEREALALLRE Hor@oldPRRAS HeQrEfdERiGldRsLs0thasker ding to

one enbodi nent of the present 1 nvention. Figure 5 il lustrates a sequence of
synbol s, each e Eﬁcﬁg a bit sequence and constructed according to the
teachi ngs of the preadmANiimplmentad over rgsident8! lelephogowinng mexdsé b¢ ust rati ng
a method, accor gigiffed ® QRiseWhRdidErts rvichankmAsesd FEORREsUsmpBha¢0di Ny a
bi t sequence. Figute, £ LLLUSKEE85nds WA S He AR ELAbSE AL ES S84k n9 bY
t he application

and transport levels below 178 mV.

SUMMARY OF THE INVENTION

According to a first aspect of invention, there is provided a method of

encoding a bit sequence as a symbol for transmission over a carrier medium. The

symbol has a time duration indicative of the bit sequence, the 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 sufficient 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

delimiter. 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 is provided a method

of decoding a symbol having a time duration indicative of a bit sequence, the time

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

commences when the first delimiter is detected, whereafter a timer is initjated.

Detection of the second delimiter is blocked for a predetermined buffer portion of

the symbol to prevent detection of reflections resulting from the propagation of

the first delimiter over the carrier medium. The second delimiter is then detected

after expiration of the buffer portion of the symbol. In one embodiment, at least

one bit of the bit sequence may be decoded utilizing the polarity of the second

delimiter.
2

ANENDED SHEET



a_ﬁﬁl;se thereto. Figures 8a and Sb provide a schematic MU ,Lat,

exenpl ary enbodi nent of the nodem shown in Figure 3. Fi Llahebd_
schematic.illustrations of an encoder and a decoder incl "ﬁﬁ,t h| n StEhie lag%
) ~5 078 MAR 7002

nodem shown in Figures 8a and 8b_ DED P~~'~~a ~ fit!

~A .'~".a..T~L~ ~d~ ~% DETAI LED DESCRIPTION | ~ ~. 1~ b~~ ~~ ~' ~ ~O~~

MAR 2002 A met hod mhduarppmmmdfsm areercodirrgd adn@@ewbmhnglpl@lqyi thes?bqtmnce
for transm ssio QIS wiring are described. In the foll ow ng

descri ption, ﬁleo B:ﬁr poses of explanation) numerous specific details are

set forth in or der Otlger feapwricsl of the presers ugpention] wils bapptiaregt &bm the agrompenying
invention it e , dinthe art that the
present inven gﬁn?%af%\gléoqg?;aec e@?gg%g{m {191% Q't gg@%%im fic details.

Appar at us - O/erw ew Figures la and 1b each illustrate a respective Local
Area Networ k AR q-%LP@ &Pl emented utilizing arbitrary

t opol ogy PO‘I’S%VI%E%&M ?&%WVQE %Am within a residential building
6. The wiring 14 fans out froma central connection point 18) through
which the wiring l4heepdestigckntion @ ifastdted b)o&fﬁy Gﬁexah@]dmmoﬂuﬁutﬁﬁ&ﬂﬁa thacks
20Iocatedthrou hoyt the buil ding 16. An t of LAN deyi ces, (al so terned
"stations" ﬂgHchF(i@g the) aCCURpARY S %B‘ﬁﬁ'af dp ¥hd %&@Ff’é’c’ﬁ’n PSSR s 26,

may be coupl edlmntmci\mwm 14 via the jacks' 20. Regul ar tel ephones 28 are
al so shown to be coupled to the wiring 14 via respective jacks 20. A nunber
of branches of the wiring 14 may furthernore termnate in a jack 20 into
which a LAN devi ce FigurteleqiiornsiligranolombAnedi georkaflAdspingg enetedigliyg

unt er m nat ed. il ke .ated fromFigure la, the wiring 14

i nt erconnecti r?‘gﬁ% #@tﬂﬁfﬁf)ﬁ%g&ﬁ% an irregul ar topol ogy, and includes a
nunber of unterm naﬂigtdcﬂﬁandhesammmedmnwlmosnﬁacmm bratiar dncbrdamg/to one

t opol ogy) and ehﬁ)§ f)ﬁ]eg,% RNAbddBaW thin the LANs 10 and 12 result in
the reflection signal s d unpredi ctabl e freguency responses within
these LANs 10 and F2gurggdris héwgrwt@traplcwmog@?am@nm» pgcgrdingatoeqhei n Fi gur e
la serves t0 RLiRAMHAIR of R pr&usl Lﬁvé?:fno§'1gaﬁhccf HRbiH TS MR0ES HHaahb 9P i S
short conpared_to the propagation delay of the wire branches, Turning now
to Figure 2, fe¥e2is illustrated a network station 30 coupl ed to a LAN via

uncharacterized) andiire aﬁyaHﬁ@ﬁﬂnﬁﬂéﬁc%ﬁﬂc%ta@ﬂ%ha@@bégﬂtgm'%dﬁb@ﬂ 14
The network station 30 all ows a nunber of

illustrated in Figures 1aﬂ&g )
vel | - known pr GEREBIPEANARE FRPPEDET YU dhe BFesBt IYEPent ed within the LANs 10
and 12_ For exarrpl G,F)lgxirbs ﬂl&d&aﬂe? aweuseoﬁyhﬁ:mt cacBleRin 04 bidRfuchdcamang) 4

~~ 6a C~~1 ~t ~~~ Q B MAR 2002 and i npl enent
Col'l i si on Det <§8ﬁtﬁ‘§teddﬁf‘?mgﬁgéﬂ '%JB‘FB]‘%@ °fﬁbﬁ|‘9ﬁ\ese?§dﬂ°é’& Br Token Passinc
access net hods. Figure 6 is a coding tree illustrating a method, according to one embodiment of

the present invention, of coding a bit sequence.

Figure 7 illustrates a waveform generated on POTS wiring by the application of
a pulse thereto. '

Figures 8a and 8b provide a schematic illustration of an exemplary embodiment
of the modem shown in Figure 3.

Figures 9a and 9b are schematic illustrations of an encoder and a decoder

included within the modem shown in Figures 8a and 8b.
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An overview of the various conponents of the network st npw be.
‘provi ded. The station 30 conprises a network device 36 @ﬁfm&)l&h Z
The adapter 35 includes a nodem 32 that serves to adapteg goyuni C31P®51388
controll er 34 (such as an ethernet communications cont r &l $afysbhi- tﬁ

network device 36 (such as a conputer) for communication over the E%MARaZW
POTS wiring 14, In one enbodi nent) the nodem 32 provides nediuminterface,

si gnal encodi ng and decodi ng (ENDEC), clock recovery and collision

detection functions. Exenplary enbodi nents of collision detection circuitry
and functions tpprameyDiEEsoRIFameOnt ed within the adapter 35 are descri bed

i n co-pendi ng applicat] i

APPARATUS FOR DETE %ﬁ@%@%\r}g ?é%é%%‘%%ﬁ%}&%},%@ étl\@gpt ert;rber 1997,
and assi gned t otratsenission of RRTOMinng are dpjsiipedit nghe folgwarg ¢rsruRiR Bari abl e
bi t rate encodi pahbeRsedextattioe FMimdaok sfp@cxﬁeﬁétlaﬂ’i aﬁsh& fohhwm étder tibqiravﬁet ween

e K e b ol kAR e R ddeent DSUNACR B GORRIAL SabliGelPOK! N0

of data to and fromt communi éé’u ons con

further support ortsathiﬂ@rmsem%%rhﬁpmsem/xe&e@@r wrymesartfhwfsétveb?‘rtdhese CSI\/N CD)
based Medi a Accgssiffcagetainl (MAC) | ayers and accordingly provides carrier
detect and collision indication signals. The nodem 32 is furthernore shown
to be coupled to a mi croprocessor system 38 of the network devices 36 via a
managenent interface) which allows PH@RBTeR¥D €% be control | ed by

sof twar e executi ng wWFigures ldhendiliceapilbetesor respest enl. @8l ATdadNeadapk 8rAISH

further lﬂCOFpOﬁ@Eﬁél@M&h bewtrﬁeﬁ&@mmﬁtamtapﬁtoasrowmbﬁ #lrimgn 30 is

coupled to the Swrln ou |ncI udes a
pair of RJ-11 p Sé‘d% ﬁ?@&gﬁ”%ﬂgc‘ﬁ‘“ﬁ‘ﬂe" Gﬁithm'fja\?: d?@pﬁdntch‘emt‘éllgg 28 are
coupl ed to the fremwednudbeinpectBR, poitite 8¢ upizhrwhcititieavinlg L4 céanecledtordr e
connected to th@cﬂﬁ%@@fﬂézto\ﬂu%c@odsrﬁaﬁéﬂakﬂMbéfc@dQﬂ&%@ﬁﬂtQ@béﬁdmAlgi ter

(not shown) is inc nogul.e .40, .and acts as a
bandpass with antl%&erp&rclﬂéﬁ %F“F?S {ﬁ%gﬁe gf 5‘541"“%8‘ Aﬂ?('f}c?( PPUEhE TBRRPR ut of f
frequency ar ound24nfgems ZFher grirtera 26, @aiAbP eafnddel thegviging 1divia thg jacks 28
prevent 5 ~~Rbgular tetephones28are alsdistown thdecowpled to the mﬁn@lﬁviMA\R 2002

interference wit pm 38“ rggfg%ggq]eg%%a]rel\ﬁngg lltl?rﬁﬁcfﬁH rﬁ{%e dul e 40

are not pertinent“to a erstan e present_invention erring
now to the net mmw Zot%%ww%ﬁwmlaﬁgrew?tﬁreptewnreewﬁricar ly
responsi bl e f or atel askerdingty uppeotioated. Asmdli beappredated fras Figare by theewirorg

detection, addrgs$nLReRsHatihj %L@Wd@ﬁgé@ta@%ﬁ%&uldr% ephogicpl. the
controller 34 is an Et erne EQl\‘?_serral o"ler S n an alternative

enbodi nent is a FF‘Bﬁf?_étPétrm&ﬁ‘ SRR P fﬁlreeefm gy EADHEPTIEEY. The
m croprocessor 8y therrdsof| terminatns witliih ehef IoANS h@ ard &2 esblo in &f refefctiompe whi ch

controls the contgbaklasauaﬁre&atibm SdascERaTh HeOPLATRIBAAdIYSt em 38

and the contr ol Fufiiy i sB cEltillriton Bulih l?%%"ﬁ"eﬁr gy Wl e s
thus all ows a néavs %%ﬁ'@ﬂ featuzy Wh%ep%l-‘ﬁ’glsaﬁh%ﬁ?r‘&ﬁ?fé‘éfq BRPIOMIBIID | er 34,
such as an Et hedaly of eheiwied brahches0 be coupled to a LAN i npl enmented using
POTS wiring 14, and TRAET 200 « fﬁ%‘?ﬁ@zd@&é1EM§%&L%$J&P%L£§3@%M$

device 36 onto the L I'nto a Sul t propagat i on

wiring 14. Simi [ pN Yﬁé‘“&'&?&ﬁ‘t‘%‘?z°§5”8{§{i’ﬁ’d'€§°lg%ﬁaﬂ"§g FRCAsRYY &fg YHE5 POTS
wiring 14 into d4fiduswatedsniFigires14 and beTbphitenrksratidne3Ccadlotysal uaabegdf Wi | e

t he adapter 35 o ISR prBtdebOiHIe AN RS iR ,%te%éteedt‘bﬁmﬂatemmsdew ce

36, it wil a catedthat apt er

i ncor por at ed Wi f‘ﬁ?rﬁ h@ r e Xemple &hmfg% ifth ‘ngtﬁéﬂ“{}a?r %U%Tec famR8i0r k
Interface Card (NNC). Alternatively, the adapter 35 may conprise a stand

al one unit which is coupled between a serial port of the network device 36
and the wall jack 20. Figure 3 is a block diagramproviding a nore detailed
vi ew of the conponents of the nodem 32. Specifically, the nodem 32

conpri ses an encvder/ decoder (ENDEC) 46 which is responsible for encoding a
bit sequence as a synbol for transm ssion over a carrier mediumsuch as the
POTS wiring 14. Simlarly, the ENDEC 46 is responsible for decoding a
synbol received tomthe wiring 14 to generate a bit sequence. The encodi ng

and decodi ng operations performed by the ENC 46 will be described in
further detail bel ow. The ENDEC 46 f AMEREFHe supplies both transmt and
recei ve clocks to the comunications controller 34, and overall operation
of the ENDEC 46 is under 6 ~~'~~aa ~~PR~~~9 0 o MaR 200a the

control of an access sequences 48. The access sequences 48 selects a
general node of operation for the ENDEC 46 and for the nbdem 32 as a whol e.
The nDden132 further |ncludes recerver/transtnrtter crrcurtry 50 mhrch i's

Y o e Y Y o



9 0 6 MAR 2002 PUTS Wi ri ng 14. As shown at point 54, refleptjons can result

i‘n a peak anplitude occurring sonetinme after arrival wncldenﬂ\ L 40 L
energy. Wthout Line term nations and with conpl ex topo u1 SI?P(R”I gg
can continue for many m croseconds, decaying gradually. |oned ﬁ&

the present invention proposes encodl ng a bit sequence as a synbol D8 2092

synbol having a tine duration indicative of the bit sequence and bei ng
determ ned by first and second delimters In one enbodi ment of the
invention, these delimters conprise electrical pulses transmtted froma

transmtter 50%deBﬁ§mchﬂC@m(§ﬁh DeRecting 0EaESivh Avoldege TvMa, Bylddalr Taket he

recei ver 50b) t .Or | |naIII1 tBg(lisses generated froma transmtter 50a nust be
as accurately repro‘tluceflS posSsible. To this end, the recejver 50b is

required to detect tﬂq‘éoﬁfi’@t" qféla%"?éfouaHWP?R?PH&WW?TMHWQQOMB ¥eci se
time of arrivalbeGfrotibes eThd@itIB0 QegiResaisdiwbek dieice3bianddn hdampackstt ai n t he

Lime duration Ofncdayibey mc{e%aggmo'a%lnxgg tfx{}%efv@?@ ek ﬁg&eﬁ ieQRfkured to

detect the fir I'nc suc e |1 nci dent
wavef or m 52) arﬁﬂ’“ffem’rfg?ﬁdﬁ‘éﬁhpaétaér?ﬂeé‘lql9°rﬁ‘t’n¢iﬁ‘°é‘|’1‘iﬂ$|°9{h‘6@1 BEPYRCTK i ng soon
after such an idevicdS6t(syphak a cotmpuiteey fodedrinhsicaggeaovet thg atthieafy RRTS omimgy of

Lhe recelver ar s Okt darBELM, (a8 BRI Sodih M e hce | B0 IOM 52

al so includes systemin ercﬁgﬁ‘g h@?ﬁ erﬁésa Pur se Seri al

I nterface (GPSI9“8H"&n g€ Crﬂf’%‘?’feé‘&‘éer%ﬁn Bal | ows t he
nmodem 32 to confunglonshE&xepleky ergbafimemt af ¢qlisomdetedion cokuitdyend duwamsiong at i ons

controller 34. d;athh@y Qe Qﬁﬂl%rﬂé@%tﬁﬁﬁh& a@ap@e@taglaiéde@&lﬁehqn B pkndifg si gnal
'1'~”33~ .TrAB:-IE 1 dpphfcatlon Sc’na]?N - §erbas XEs enhgid airop AND A.PPARAEI’U§ ng w

' I rFai Ae. . ~r -PETECTING COLLISTONS|QIN A NETWORK®, filed 03 September 19975 amd * - 1. |
~ =y e *asmgﬁed‘m the assigned of this appli€ation. To‘achmmodate a variable bit rate

lql L:: r 1eE~9n 1I ’~1 Lhcﬁlmg/d,s(:odén% Thcme de 1o Fontﬁol Ebc ﬂdw {;h& ta’ bcthqn the fxi:t?vo1rk .

i, ~~ .}, : . Sevice36384the Witisienld: Hagrm°4em 32&011?019 the glpcking prrdatyhrend

Nbdenir ansni t Eﬂablﬂ&: @ianuiit&font XomsalleABA mﬁmmad&eBzdﬁya‘iDﬂﬁ sipplamrr ansm t

data to encoder-g,; M ~1 L /cfiision D 8

h~A~ 2002 TCLKFr om I\/&cfgei Eiéﬁ?cc SSIB‘C;‘{( Sl?%ﬁﬂjggﬁ?[nl’ rclit?ousl ﬁ]enTNEEIIA

deassert edst oppREFihtPRTRARA) 1ByeTs st 4P PFGO(bdFﬁﬁ@n et Pl e

rat eunder cont rallisgdalimdiratdn signdedEhe madém §2 raiwsthersmiroshoRENABe@aupled to

g/b?en}?ecrerld ve Er@ah& ﬁééésbénr's %%Wﬁﬁﬁﬂtﬁﬁe@%@%v@@% eh%m i&@&ﬁz‘té%ﬁcel ve
ata frondecoder nReceiy contj nt us n thewre

urt n ern%%cge“fl on bgfco%%gﬂeb edcégt al X‘?“\é\% runs at

isidle, is stoppe
vari abl erate urm@FORSG‘FﬂS?QSISYﬁ?m@ﬁeGééééwer(ﬁ?rfpﬁbﬂrﬁmfﬁfé&éCP‘FRi?f wedEr om
ModenCol | i si on 4epsehichdhCidrasrkedtittar3ods anséd todlic e 20 ¥ed POUS®aLhg Si40N.

The. managerent 4 5 bRe Gl RS el B SR Ao LILBIGAGEARTacRe! 1 N0

and readi ng nan con uration 1nformatli rocessor " w t hi
t he comuni cat i @ddBﬁfetl"(ﬂhPé‘? 2% are rourleq [ the pripvork devdes 3P e APPER t he speed
of operation, anddile46é furthemaae esmcsted tethe exddsmdR vimderansmivpeedei on_ | n

one 9 connection 42.
A filter (not shown) is incorporated within the coupler 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 wiring 14 10 prevent

5



~W~~"~d$ 11~~9a~l~~6Zy: , : . = ,= .., p g MAR .2TﬂpQInent the, ,
communi cations controller 34 is an et hernet controll er, . <dHd & g€ TANA 9
paranmeters for the nodem 32 are stored in a serial EEPRE-reWy oaded
automatically every time the controller 34 is reset or |n|t|aI|zed[]g'aM)ARazg[]2
bel ow details the relevant S|gnal plns and rmanagenent conflguratlon data
TABLE2;,-'...,~~ ~~ ~) ~ '

. 1 ~~1 ; ; 1 - - . - - - ~1 1 r - - -~ 1 I I - -
; ~arre~:;,,~~, ;~~ St nal ~IV~;;-, ..
interference with POTS operations. Further details of the coupler mogdule 40 are

not pertinent to an understanding of the present invention.

Referring now to the network device 36, the communications conuoller 34
is typically responsible for Link-Layer protocol functions, such as framing, error
detection, address recognition and media access. In one embodiment, the
controller 34 is an Ethernct LAN serial controller, and in ap alternative
embodiment is 2 High-Level Data Link Control (HDLC) serial controller. The
microprocessor system 38 is responsible for the execution of software which
controls the controller 34 and the modem 32. The microprocessor system 38 is
furthermore shown to be coupled to the controller 34 via a data bus 44, and the
controller 34 is similarly coupled to the modem 32.

The adapter 35 thus allows a network device 36, including a
cominunications controller 34, such as an Ethernet controller, (o be coupled to a
LAN implemented using POTS wiring 14, and serves to encode data transmitted
from the network device 36 onto the LAN into a format suitable for propagation
over the wiring 14. Similarly, the adapter 35 decodes signals received via the
POTS wiring 14 into a format suitable for reception by the controller 34. While
the adapter 35 is shown in Figure 2 to reside outside the network device 36, it will
be appreciated that the adapter 35 could in fact be incorporated within the network
device as, for example, part of a Network Interface Card (NIC). Alternatively, the
adapter 35 may comprise a stand alone unit which is coupled between a serial port
of the network device 36 and the wall jack 20.

Figure 3 is a block diagram providing a more detailed view of the
components of the modem 32. Specifically, the modem 32 comprises an
cncoder/decoder (ENDEC) 46 which is responsible for encoding a bit sequence as
a symbol for transmission over a carrier medium such as the POTS wiring 14.
Similarly, the ENDEC 46 is responsible for decoding a symbol received from the
wiring 14 to generate a bit sequence. The encoding and decoding operations
performed by the ENDEC 46 will be described in further detail below. The
ENDEC 46 furthermore supplies both transmit and receive clocks to the
communications controller 34, and overall operation of the ENDEC 46 is under

6
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08 N~=="2002 "O 99/ 13576 CLAIMS What is clainmed is:
met hod of encoding a first bit sequence as a synbol fﬁ%ﬁ‘ﬁ%%sﬁé&{
carrier nmedium the synbol having a tine duration indrcatiwug of . thé'

bit sequence and being deternined by first and second-’'del’i mters UgeNAR 2002
met hod including the steps of: reccrving the first bit sequence at
encoder; and identifying a first synbol, having a duration indicative of
the bit sequence) froma predetcrmncd group of synbols) wherein the first
synbol conprises a first~encodrng portion and a buffer portion and wherein
the buffer portion is of sufficient duration to allow reflections,
gener ated by propagation of t e first imter o rred um to
decay to a predet er nf HeGHES bﬁ%’?%’é‘“g‘f%ﬁﬁ@éf’?@ﬁ ‘Pm%’?ga(égkgé%?fé Anmiter.
2. The net hod ofhas¢-dicklbopdgicirceini0d. | st A §0s spperasmitivisgs.ndonpri se

first and secon{%&'ﬁetﬁmeﬁés @%éﬁsew&mqﬁé %8k YiernpbR)TBE e of tielikeliiah t he
step of encodin e Crst bit sequence utilizrn~ the

| cas
polarity of ei tﬁcé‘gotfhéc?cévc orve oﬁ%&g‘g B ul se. 3. The nethod of claim 2
Pt udi g the Step oFcmmediusyatcheheanodesnE] inohiaebMithot myiapP: S mmiiny
seﬂue_nce “]E' | Ih zal]gtgwstehamp;?in&rzztmc1eamg ha 0BeeA Eth@ubs@nirtldtdtiees tantioller to
olarity of the . erein
!tohe pre)d/eterm nednﬁ]g&cgt% o a%NI %?er%ﬁ%k sin rkf%ﬁw‘%& i\?%arﬂeaddqg%rrgl ons
and each assomE‘Fb’dc%\/ﬁfiﬁef&%bﬁpw@w&%h@%ﬁé Medizfraesss HP{I ARe,
wherein the gr oBNDHC 6%, EHiBerhet VM AGeSontlIBo (5 adhifermanagdtTAtabdna Sthiat are

distin U|shed f f i e

del i m Lers. ﬁ%ﬁé?ﬁ%é%%%ﬁ#ﬁ@% TheyShiloqglf AR
s MAR , ~~~2 > pridgcaRthEsqeiyes Racksthirom sibptinteriace. putfersapchpackeisncr ati n~ t 1 ~e
first and secongmjeranty t a tenspitedein to tnpeppsstcinpoiaseastooh bepodibia. n~ fi r st
a]pd lsecong porltsgmﬁ&m ea.umfud,%@argbpm @s@simamgﬂftﬁ B @bl ¥vo ferge FIROTEL hOd
or Cclalm I NnCl udli n ~ e e
d~limtcr:~to 3’581?9’8& rén@ppa?cﬁtﬂﬁ? g&?sgﬂf)g l?h' ﬁﬁ@%&@e g&lgl aim1

i ncludi r~~ the %G bf- ne embailwesnt, ee aflapist %doeﬁfm@ heveeaeladi hdNoor ti on
accordi nc the nuddess. Q‘fhelaﬁigﬁer@quEH&Lﬂ@ﬁJEBQIUMS?&&inB&tZrME&QDBaﬁeme first

bi't sequence colmiLogsa Nk} 31 ISR IO LASLUSLOG, koSSl opaeplo T oce! ving

a second bit Sequence conpris Second synbol
i ndicative of tFRiENEOHE “@Fi%x‘é%éﬁféédwﬁiéﬂéﬂ‘ﬁ Q“héﬂ@éé‘éﬁaf & dpvincludes onger
than the f-trst asymodf difgnosiLizhcBaiéting Dicdeg driEDS) 820r encodi ng a bit
sequence as :~ synbol for transm ssion over a carrier nedium the synbol
raving a time duration indicative of th% bi . sequence and bei ng defi ned by
fast and second delimters, the encoder ({a“r‘l%;errent conprising: an input
coupl ed to receive tH\éatrﬁUltsqubRaﬁb@wm@hgﬁgndﬂhp@mmmwnaﬁéﬁPﬂbPes t he

synbol, from a petrsofirRizeeie paseitiRdnEyiPRpSses ieAcHdiad pré@etéimihdioibi t

sequence; and sequences as respective symbols for transmission. In one embodiment, each

symbol is distinguished by having a specific time duration, this time duration
being determined by the time interval between the receipt of first and second
delimiters, in the form of electrical pulses. The present invention proposes
encoding data in the precise time arrivals of short duration pulses which are
widely separated in time. As described above, a transmitted pulse is attenuated
and scattered as it bounces around the wiring 14. After enough time has elapsed,

the pulse will die out and another can be sent without fear of interference from the
11
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“an output that transmits the first deliniter and the seco elimter
defining the ti me duration of L17C Synl bOl, wherein th g&;@a f'cen’br-rSeé‘&@"
encodi ng 20 1~' Q 991135i 6 F~CNLA(~Eh~ FI ~~Nemm~ ~ , L ~~I ~I SRICE: PCT/ CJS

D ~ MAR ~~a~ portion and a buffer portion and wher ei n¥ & ptwm@c%ﬂgz
is of sufficient duration to allow reflections, generated by propaggl ion

the first delimter on the carrier nedium to decay to a predeterm ned

| evel before propajation of the secod delimter. 1~~. The encoder

arrangenment of claim 13 wherein the first and second delimters conprise

first and Secogge&ih JideCH emﬁ'ca@,s oaé‘é[aeséﬂem&as)regumﬁlge@&a%rmmaa@aeaent

bei ng confi gur code ‘a ‘g ebguence ut| l'izing
the polarity ofdrgp P‘Fl‘@?" at’ﬁ%“?"r‘rsﬁnsb‘r“”iy %%Prﬁ?o%‘ﬁfg se cap by Sent Wit ancoder
arrangenent of rdkiigintr-&whelrieierfetenee. M@de«rc ib@pwgnaiend Fignred whickencode t he
at | egst one b'sfhof?/g tﬁJ\I@aJc'f&ﬁ{ si)feecxas‘cﬂueane@awrlsbbmegpdn@@tmla @ahinfisQbn t he
second pul se relati.ve to ol ari vj.Ce vers-~r
15 CThe” encoderctdriigeakps RSBt i vt e i e PhsiiFEer

store a predet ehapreeehtsetentbn weatyol ssepfit vig ngoldunmdqcamsxpoeamkaﬂafaftphe

synbol s bei nj | ngdcgidh oY & £i9dt aakr%pcctl ve~ and pr edet erm ned bit sequence
wherein the set of nb | s |ncIu ual dL{I’atIO at _are
p\é lcat étxs

di sti ngui shed from eath %PKHBOSCB)? MYERIERYLO SRS (?t Ve
delimters. |~ udfhia %@@ﬂ@ﬁ%b%g@r@ﬁﬁa@m&ﬁl% of pudsel aed bri¢npsesaed rsmi tt er

circuit confr~uhakntoa §RB8nAKEiirhdyiddRl aalld is ecmed ad ebmphidigg 6.1967 each
conprise a pul Srfucg %Q‘Ln havi ng f| rst and second portions of equal duration
and opposite po ar11 ' The encoder arrangenent of claim17
wherein the transni tﬁ@fr:rrmgrrew sperificalbhipi ilgnrecd. p serrsnd sequentileymbpls90and
second del i m t e9k drosigaaitotenppiraed anddistsnihad bpalserieslof polseslym-gmcoder

arran?enent of r C t he
duration of theﬁ:élsﬁ%lr'lrgl)[‘T’Idgf(;l{a({:Yﬁ %rrgée%eggﬁ%%%u QH%H lﬁa&h%ﬁh{%&%f 13576
G Lin O | | Spreg e mined fuion dicpyo ot AR AT P ARG, QrdBE g
The encoder : t rmast-sepreat eath of the prlid SAfeme i prachdinpptiss.sdustealaonpri ses N
R‘_ Ers?\/l Lh? enCOg&E‘LﬁéﬁHnQ?%ﬁﬁﬁtg ﬁ&ﬁ@ic‘ﬁuﬁe%t& HE@&?%eWa&%&U@:’%gﬁretgﬂc%mr 'l‘ﬁjfsngt "
its, an e matching cir n sur o, i denti urt her
Symbol 1 nd cat | PESPEHE e Rt Hibin B BT O kst Al PR, nbol
is loner than t¥yuby)ppaion, amdrm@mWQwe@ﬁ@wieﬁgmé tppg anslatpriysrboh B lankingnt | ~ol
of transm ssi onin@aredl (BBIRDL. The OBl D thOESEIYINIS detbBMingd by a huinbEordur at i on

ndi cative of the bl L aeqYEnas a0 S Rop L SIILDRToRL et A, 8E5ONC

delimters, VI sequence
at 'an encoder: EHBREIOR ey EaPkaneSAN TS WF%WH“&&IWBMJMCEHHB@&% on
i ndi cative of tdethbiline sédglenayaddmadhe amplitude of decaying reflections. In one

exemplary embodiment, the ISBI 94 has a duration of between 1 and 5
microseconds, and specifically of 2.1 microseconds (i.e. 20 TICs within a modem
32 operating at 60 MHz.) It will be appreciated that the ISBI 94 effects 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
symbo] portion 96 indicative of a predetermined bit sequence. The symbol
portion 96 may be expressed as an integer multiple of the TIC time interval, and
the duration of a symbol may thus be expressed as ISBI+D*TIC, where D is an

integer.
12

ABLHNEN e



~ const g - encodi ng symbol ponion to a buffer sy i e
ruct :t conposite synbol, the buffer synbol port PIRH FOoL T~ -

Sufficient to nllo~~ reflections) generated by prop&@%&& Ingt %ﬂ[ﬂ%@n

delimter on the carrier nedi

: um) to decay t~ :~ '

grzllza~oat|on of the second do | i rrutc )r/ .7 _PrAgdAftif;”jlgg kgﬂ‘% MAK 3802
AF [%A A .A.AAALAL.AI AL AQ@. AS. A Ahy *# n-AALA R

#ef pO*zuoj e [ V] ca] ca
aljc*a] c aV]ca] cRa] cRL]Cgll]Cgll]ng]ch] 2L]CCZ]U]CS] g!’;l]c(gg} gag]! ;a]_ }?a]ECQa] cal caj cal cal e

%4 3Cl "u|vgkfa\W]c a c§ : ,
a] cal ca] ¢ % ethod of encoding a bit siream as a sequence of symbols
cal cal cal U}“] ca ?ﬁ%ﬁwﬁé% e R  BR B 550
{valg ca) galgale rboRadumsipE apreiad codjrig Bhiteetd: THe <o o

a .. .

o) ool o) el cabaedhspyanbbpoll shnabamis sl caparwal g VT

Ul c”a] ca] c”a] cE frerh g fERVN RS tbongg%%mtt | epYR6Y.OFor the purposes of
a] caV] ca] caV] c@lptaralibs, the cncodinTg of a\s/zgcif?‘c Igit ?e]qcl:ng c% g‘ol'rjllqg:ris?ilgcbi%lﬂ-% of bit

stream 102, will be explained. The encoding method begins at step 104 with an
examination of the nextbjt to be encoded (i.e. bit A). Atstep 1062 determination
is made as to whether bit A is a one (1). If so, the next bit (i.e. bit B) determines
the polarity of a pulse which will comprise a delimiter of a symbol representing
bits A-E. The next three bits (i.e. bits C-E) select one of a first set of eight
symbols (Symbols 1-8). Each of the Symbols 1-8 includes the fixed ISBI 94, as
well as the variable duration symbol portion 96.

Alternatively, if it is determined at step 106 that bit A is a zero, the method
proceeds to step 108, where a determination is made as 1o whether bit B is a one
or a zero. If bit B is a one, then bit C determines the pulse polarity and the next
three bits (i.e. bits D, E and F) select one of eight symbols in a second group
(Symbols 9-16).

If both bit A and bit B are zeros, then the methad proceeds to step 110,
where a determination is made as 10 whether bit C is a one or a zero. If bit Cis a
one, then bit D determines the pulse polarity and the next three bits (i.e. bits E, F
and G) select which of a third group of eight symbols (Symbols 17-24) is selected
10 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 pattern.

Accordingly, it will be appreciated that Symbol 0 encodes a 4-bit sequence
000D, Symbols 1-8 encode a 5-bit sequence 1BCDE, Symbols 9-16 encode a 6-bit
sequence 01CDEF and Symbols 17-24 encode a 7-bit sequence 001DEFG.

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 more data bits to be encoded
in symbols having a greater duration. For example, symbols 17-24 will include

variable-duration portions 96 which are longer in duration than the variable-
13
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a] ca] ca] ca] ca] ¢ iceflerngnied esitg HieldRraprainablaGite #jreab CBHG4A3)e The encoder
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master state of the modem 32 and is generated by the access sequencer 48. The

encode state machine 116 also receives data to be encoded via input (GN_DATA)

124 from the commmunications controller 34 via the GPSI 60. The outputs of the

encode state machine 116 include the following signals:

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

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

3. NT_POL 132: This signal represents the data bit which follows the bits
uscd 1o select the group of symbol from which the transmitted symbol is selected,
and sets the polarity of the next symbol delimiter (or pulse);

4. TSET [1:0] signal 130: This signal encodes whether the next bits are

) 000,01 or 001 (i.e. selects the set of eight symbols from which the symbol is
selected); and

5. TSEL [2:0] signal 134: This signal comprises the three select bits
following the polarity bit indicated by the NT_ POL signal 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 [4:0] signal 136. The
symbol (i.e. the NT_SYM [4:0] signal 136) is propagated to the transmitter 50a, as
shown in Figures 8a and 8b, which adds to this symbol the ISBI portion 94 to

thereby generate the composite symbol. The transmitter S0a waits for a number of
14
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19%&' ( ) - &10%&' O- f &10%&' ()- &III.O%&' ()- LlIO%&' ()- 31.00/& ( ) - E.d E~\: @@ NAR 2002
9"10%& ()- s!'fl0%& ()-& " 10%& () 109 () - 10%& () 210%& ()- Q2 5
9+109%& ()-s*109%& ()-9(10%& ()- 9" 109& () - 294 0%, ()- "$10% ()- !9 (aSE7
10 10 10! 6: MLOY&' ()-3F6 109&' () - S/ 109%&' ()-9Y. MLO9&' ()-s- 10%& ()- (3 udESE7
10 | 109%&' ()-' 1B réﬁrééc]q@%y(ﬁﬁs%of%posiw signal between the transmission of delimiter

pulses.

Operation of the embodiment of the encoder 46a shown in Figures 8a, 8b

and 9 will now briefly be described. Firstly, the NT_pulse signal 126 is asserted,

causing a pulse to be transmirted from the transmitter 50a. The transmitter furtber

includes an interpulse tumer (not shown) which begins a timed 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 examined

until one of four patterns is recognized (j.e. 000,1,01,001). If one of these patterns

is found, shifting stops and decoding logic within the encoder 46a encodes the bit

patent as a number "0..3". The TSEL2..TSELO and NT_POL signals 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 needed to encode

the bit sequence. Specifically, the transmitter 50a receives pulse and polarity

information synchronized to the TIC clock signal 122 and then generates a pulse
doublet, which comprises a sinusoidal pulse of a fixed width and of a polarity
determined by the NT_POL signal 132. The transmitter 50a transmits this pulse

on the TXP and TXN outputs. The time at which to generate this delimiting pulse

is determined in accordance with the symbol information sent to the transmitter

50a by the encoder 46a and in accordance with the transmitter inter-pulse timer.

Decoding

Referring again to Figures 8a, 8b and to Figure 9B, in response to the
transmissjon of a sinusoidal pulse doublet from a transmitter 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 precise time of
arrival of incident peaks, such as the incident peak 56 shown in Figure 7. In one
exemplary embodiment, the main receiver signal path consists of an amplifier

followed by a differentiator (not shown). The amplifier may be necessary to
15
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109%&" () - SmMLO%O& () -
compensate for the low transmit levels required for compliance with FCC Part 68,
and gain is accordingly fixed at about 15dB. The output of the amplifier is fed to
a differentiator, whose output changes polarity whenever the input waveform's
slope changes sign. The output of the differentiator is gated by both time and
amplitude processing circuits within the receiver S0b. Following the detection of
a peak, a umer (which times the ISBI interval 94) is started. During this timne the
receiver S0b is disarmed. Peaks within the received waveform 150 are ignored
during the ISBI interval, even if the amplitudes are greater than that of the
originally detected peak.

The differentiator may be sensitive to noise and thus susceptible 10
producing spurious outputs during the ISBI period. In one exemplary
embodiment, to further qualify the output of the differentiator, two comparators
and a "peak following" threshold generating circuit (not shown) detect the polarity
of an incoming pulse. The comparators take as inputs the amplified waveform
and a threshold voltage. The comparators receive opposite phases of the amplified ,
input waveform, so that one comparator's output is active when the waveform
exceeds the threshold in a positive direction, and the other compaxaior‘s output is
active when the waveform exceeds the threshold in a negative direction. The
threshold voltage, generated by the threshold generating circuit, tracks the
amplitude of the incjdent peak 56.° Once the incident peak 56 passes, the threshold
voltage may be allowed to decay exponentially, as shown in Figure 7, in a manner
that roughly models the expected lowered amplitude response of received
reflection pulses. A bias ensures that the threshold voltage can only sink to a
minimum value representing the maximum sensitivity of the receiver 50b. A
synchronized digital state machine controls operation of the receiver 50b. The
receiver S0b is again armed when the amplified waveform voltage is below the
threshold, and the ISBI timer has expired. As a pew waveform 152 arrives, the
amplified line voltage rises above, or falls below, the threshold voltage, causing
one of the two comparators to again become active. This then sets a latch which
remermbers the polarity of the incident wave form, and disables the output of the
other cohmparator until the receiver 50b is re-armed. The setting of this latch

causes the threshold voltage to be driven to the peak voltage of the incident wave.
16

- amrrTeSTE DLYADY



-___—.—.—_‘——&w—"——— ——

T109%0& () -[5\5] 5t556<?] H= 100" & 10%b& ()-)! & 10%b& &?I%h
10%& ()-)' 10%¢& ()- 10% & ()- 100 1002727722 ?-?23@P= 1 &/@/%»H L@@é
“109& ()-1Y0 " 1090WME ()- 10MA 10AA 1071 DO& 109%°& () - ) SEORAGREEER

100 %0%& ()-' YA0%& ()-940%& ()-3 109%& ()- | MLOY& ()= D8 MAR 7002
10%<& () - EEFHFbF| FFeFP= AR
100 %0%& ()-' YA0%& ()-' Y0%& ()-' Yd0Y%& ()-' WOU& ()-' Y40%& () - FFF
GHGl GOGXG L- =" %0%& ()-' Y0%& ()-'\$ WO0%& ()-' Y0%& ()-' Yd0%& ()-' %0
%<& ()-XG G kA G G G-GpR8=" %40%& ()-'\$\' %L0%& ()-' Yd0Y%& ()-' YLO%& () -
"\ $' YA0%& () - ~GEGEEREGaRE=IoHBA Al Ede JeréctrRUE! (dot S1MAYmRAIC) is TaKINE 0%<&’ (
2&; ( ;’/&0%&' () - CHIFFE R b from thd B¥Rekctor, rdictOIF die GhrivhiOfa ARTInl Rl Si 1 10%T
LS2t 1096 & () - YRR (TPe GRIT R e FASSSEICHRASE GO APHRCY W BBV AR (2 t Sn+U
1096 V&' () - #n+UbOBON NG } otk isolBMNDABcEing the peak starts the ISBI timer which, in

- 109N V& () - +H=iatigl 4§AtBP ﬁ%‘%\(‘&s@aﬁfé ha #ﬁLNgééHé{isbdél B %0%’\' e

' () - #n+UL0%N W' ()'-#' t Sn+UL HTH H n'tSn+ ()-#n
+UL09%N W& () - #nF'B9ARP DR PP S#"P P‘#‘??+U10%NV\& () - #HHHHHHHHNR2NnnN
+ULO%N W' () - #n+ULOYANIR th9 refeivei1TOMN w&iz(ngo#mmaemlomm&h@m&mumwv& ()

- #n+ULO%N W&/ ()v&lél-ﬁfl KehiPd Hl@;/él\h}g& ﬁk%@%@%&%ﬁ%ﬁp&@&wﬁg% %6\/

#n+ULO%N W& ( V\&
2&' (;] -#n+U10%N’V\§? (‘#‘ gh‘%gw 6’%&? éfrfs’f@ﬁii‘h% S\NQH@C ey )r’]E F‘Ef?ﬁ%‘l\ﬁ‘yt Sn+U1
09N W& () - n+U1mmviab@cs#nmm@p g rqcpiver S@nwith Copewng 9F tine GOO0AN: Va8t ( ) - #(
L+1 61 HITTI1KI T iy +ULOYN W& () - #n+ULO%N V&' () - #n-+ULO%N W& () - #' t S- n-+ULO%N

W& () - #n+U109%N Ul #T), Ul ZIl e | hLOn+UJ109 #n+U1
O%I\RA& ? ; #- tSn+U1039§\?§@: ?%% r‘f‘j""?c?y fé‘l‘%‘i!}iﬂ nJ#%‘“B 8 tf’%?l | In|+K/
n+ULO%N W&' () - #6Pqo8pr4$r0 Rpesagedly, ME@W\M‘%CFW#%%EG%NWYW porgam UL0%N

W& ()-# 11T amotn&‘mwdamm@&ﬁémﬂd&&%@vawe(n)e#mﬂdifwwr \frodd' t Sn+U10%

W W' () - #n+UL0 | ULO9N V&
") a1 i oom Wf“{“% ﬁs’t@ f;é%%*%i@ﬁ%ﬁ%@%& PE45%+U10%N
I V& () - #n+U109 52 KRARREETEPR o T
s4J @(z )AJ Fg QibJcJldy é@amaumgmré\m (ThetonSersich CUALVEDY x)ee#ﬂczl:slm& VNS vid) ingrae- UL 0N
V& () -#(' t Sn+U (4:07 760 FeohX ke ckivkd $BDAhis U&&M V&ri@l&ﬁ@fﬁQﬂ\Q%NV\& 0

-9#821-83}(')0;/6/\2 ;A& l(:) meagusrt?dl-1n%cr(-)pu se UII(lg f cClngéal(AA'the rm(_ iver 5‘%)%‘] BnU CS a composuc

symbol based on the time duration between succession delimiter pulses, and
subtracts the known fixed-duration (or buffer portion) (ISBI) 94 from the
composite symbol to reveal the encoding portion 96, which is represented by the
signal on RD_SYM([4:0] input. The symbol is converted by the circuit 200 to the
following token outputs:

1. 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 of the symbols ip the
selected set comprises the appropriate symbal.

The 10ken values are then fed to the decoder state machine 202 which,
based on the supplied token consisting of a set, select and polarity, determines the
length and pattem of the decoded bit sequence. The inputs to the decoder state

machine 202 include the following:
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What is claimed is:

L. A method of encoding a first bit sequence as a symbol for transmission over
a carrier medium, the symbol having a time duration indicative of the {irst bit
sequence and being determined by first and second delimiters, the method including

the steps of:
1ecciving the first bit sequence at an encoder; and

identifying a first symbol, having a duration indicative of the bit sequence,
from a predetermuned group of symbols, wherein the first symbol comprises
a firstencoding portion and a buffer portion and wherein the buffer portion
is of sufficient duration to allow reflections, generated by propagation of the
first delimiter on the carrier medium, to decay to a 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 including the step of encoding
at lcast onc bit of the first bit sequence utilizing the polarity of either the first or the

second pulse.

. 3. The method of claim 2 including the step of encoding the at least one bit of
the first bit sequence utilizing the polarity of the second pulse relative to the polarity

of the first pulse, or vice versa.

4, The method of claim | wherein the predetermined group of symbols
includes symbols of varying durations and cach associated with a respective and
predetermined bit sequence, whercin the group of symbols includes symbols of
equal duration that are distinguished from each other by the polarities of their

respective delimiters.
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delimiters 10 each comprisc a pulse doublet having first and second poitions of

equal duration and opposite polarity.

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

delimiters to each comprisc a sinusoidal pulse,

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

encoding portion according the number of bits,

8. The method of cluim 7 wherein the first bit sequence comprises N bits. the
method including the sieps of receiving a second bit sequence comprising N+M
bits, and identifying a second symbol indicative of the sccond bit sequence, wherein

the second .symbol is longer than the first symbol.

g, An encoder arrungement for encoding a bit sequence as ¢ symbol for
transmission over a carrier medium, the symbol having a time duration indicative of
the bit scquence and being defined by first and second delimiters. the encoder

) arrangement comprising:
an input coupled to receive the bl sequence:

a matching circuit that identifies the 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 symbo! comprises an encoding
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of the second delimiter.

10. The encoder arrangement of claim 13 wherein the first and second dehmiters
comprise first and second electrical pulses respectively, the encoder arrangement
being configured to encode at least one bit of the bit sequence utilizing the polarity

of either the first or the second pulse.

B . The encoder arrangement of claim 16 wherein the encoder being configured
' to cncode the at least one bit of the first bit sequence wiilizing the polarity of the

second puise relative 10 the polarity of the first pulse, or vice versa.

12. The encoder arrangement of claim 13 including a memory resource 10 store a
predetermined set of symbols of varying durations, each of the symbols being
indicative of a respective-and predetermined bit sequence, whercin the set of
symbols includes symbols of equal duration that are distinguished 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 each comprise a pulse

doublet having first and second portions of equal duration and opposite polarity.

14,  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.

5. 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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symbol.

1. A method of encoding a bit sequence as a symbol of transmission over 4
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 bil sequence at an encoder:

identifying an encoding symbol portion huving a duration indicative of the

bit sequence; and

appending the encoding symbol portion 10 a buffer symbol portion to
construct a composite symbol, the buffer symbol portion having a duration
sufficient 10 allow reflections, generated by propagation by the first delimitcr on the
carrier medium, to decay to a predetcrmined level before propagation of the second

delimiter.
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