
~1ETHOD AND APPARATUS FOR Er\CODI.'\G 
AND DECODING A BIT SEQUE!\'.CE 

FOR TRANSMISSIOl\' OVER 
POTS WIRING 

FIELD OF THE INVEKTIOi\ 

The pre~ent 1nvenllon rel:..!tes generally to the field of encoding and decoding 

d1g1tal d:ita for rransrrnss1on over a medium. More spcc1iicJ.Jly. the prescnr 

invention relates to the decoding and encoding of a b1r sequence for transmission 

over Plain Old Telephone Service (POTS) wiring. 

BACKGROUND 

Loc..il Area Network (LAN) standards and product~ h;,ivc not significantly 

pcnetr::ned the home computing market for J number of rcac;ons. including the lack. 

of perceived need and the required 1nstallat1on of special c:i.bling. which is difficult 

within a res1dent1al household As muluple personal computers (PC~) are becorrung 

mcreasmgly common within households. the notion of implementing a LAN within 

a res1denr1al environment 1c; gaining in popularity. Specifically. the ability to share 

information between mult1plc PCs. and to share resources such as printers and 

modem~. 1s becoming increasingly attractive lO home computer users. In parucular. 

the ability to achieve shared. high-speed Internet access by a number of computers 

\v1thin a household is becoming important a\ mult1ph:: u~e1s within a re~1dence may 

wish simultaneously to access the lnternet 

One economical method of cre:iting J LAN within a res1dent1al household 

proposes using the existing telephone winng within the residence (POTS wiring) as 

the medium over which the LAN is implemented. Such wmng typically comprises 

unshielded. twisted-pair (UTP) telephone cable and may comprise either Category 1 

or Category 2 cable. as defined hy the EJAffJA 568 specificauon. The use of such 

residential telephone winng poses a number of problems in th::ll the transmission of 

data signals must occur over an arbnrary, unterminated wmng system. with 

unknown electrical charnctenst1c:-,. Thi~ results in impedance rnJsmatches and the 

lack of termination contrihutec:; to the persistent reflection nf signals and 
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unpred1cwble peuks ;me \'.'.l.lieys in frequency responc;e \\'!lh:n :i o.md o:- 1:ite:-est 

Tnc pO\\'C!" spl1tt1ng effect or" star configuration~. whicr. Jrc common1: :m:1lcmen:c,: 

ir. residenu..il \\'1rtng. attenuate the levels of signal feuture' \\hose duration i-, !>hon 

compared to the propagation del;iy of the wrre branches 

A LA!\ implemented over res1dcnti:.il telephone wiring must ulso coexist 

with the POTS service. and must be FCC p:irr 68 compl1:.rnt. which dictates tne U!>C 

of :.1gr.alc; wJth no fiequency components belo"v 270 kHz ::rnd tr:insporr levels 

below l7S mV 

SUMMARY OF THE INVEi\1ION 

According to a first aspect of invention. there is p1ovidccl a method of 

encoding a bit sequence as Li symbol for transnuss1on over :i earner medium The 

symbol has i.l time duration indici.lt1ve of the bit sequence. the lime duration of the 

!>ymbol bemg determined by first and second delinrners The method commences 

with the recepuon oi the bit sequence :it an encoder. whereafrer a symbol. having<! 

durauon indic:iuve of the bit sequence, 1s identified This c;ymbol includes encoding 

~d buffer portion-;. The buffer symbol portion 1s of sufficient lime duration to 

nllow renections, generated by the first delmuter on the earner medium, to decny to 

a predetennmed level before propagation of the second delimiter. In one 

embodiment. the first Lind !'>econd delimllers may be rec;pecuve electrical pulse!>, and 

::it least one bit of the bit !>equence may be encoded ull!1zing the polarny of the 

...,econd dclim!le: 

According to a second aspect of the invention. there 1s provided a method of 

decoding a symbol having a ume durauon md1cauve of i.l bit sequence. the time 

durauon be determined by first Lind second delimHer!> The decoding method 

commences when the first delm1Jter is detected, whereufter :i umer is imtwted. 

Detection of the second de!Jmner 1s blocked for a predetermined buffer portion of 

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

first delimiter over the earner medium. The second delimiter is then detected after 

expirauon of the buffer portion of the symbol In one embodiment. at least one bit 

of the hit sequence may be decoded utilmng the polanty of the second c.lelimiter 

The mventJon extends to an encoder and a decoder which implement the 

abovG-methodologies. 



Othe; features of the present mven11on will be apparent fro:-n the 

acco:-r:p,rnymg drawings :rnd from the det~Iled descnpuo:1 \\ hich foliows 

BRIEF DESCRIPTION OF THE DR.A WINGS 

The present 1nvenuon 1s illustrated by way of example :ind not !1mHallon in 

the figures of the accomp.rnymg drawings. m which like references ind1cJte smula.r 

elements and in which: 

Figure:-. la and lb illustrate Local Area Networks (LA.Ns) 1mplemented 

usmg arbmary topology TOPS wmng. 

Figure 2 1s a d1agrnmmauc representation of a netwo1 h. stall on according to 

one embodiment of the present invention. 

Figure 3 is a d1agrammat1c representation of a modem. according to one 

embodiment of the present invention, included within the network swtion shown rn 

Figure 2. 

Figure 4 1s a diagrammatic representation of a lObaseT-to-POTS adapter, 

according to one embodiment of the present invention. 

Figure 5 illustrates a sequence of symbols. euch encoding a bit sequence and 

constructed uccording to the teachings of the present invention. 

Figure 6 1s a coding t1ee illustr:rnng a method. according to one embodiment 

of the present inven11on. of coding a bit ~equence 

Figure 7 illustrates a wavcfom1 generated on POTS wiring by the 

application of a pulse thereto. 

Figures Sa and Sb is a schematic illustrat1on of an exemplary embodiment of 

the modem shown in Figure 3. 

Figures 9a. and 9b are schematic 11lustrat1on~ of an encoder and a decoder 

included wnhin the modem shown in Figures Sa and 8b. 

DETAILED DESCRIPTION 

A method and apparatus for encoding. and decodm£. a bit ~equcnce for 

transm1s~1on of POTS wmng are described In the following description, for the 
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purpose . .., of explnnatrnn. numerous spec1f1c det:i1ls arc -,et forth in order to pro\'1Gc 2 

thorough understanding of tile present invention It will be C\ 1dcn:. howevc;·, lO 

one ~killed in the a:1 that the present invention m::iy be pracucccl wJthout tl:ese 

spccilic deta1b 

Apparatm - Overview 

Figures la und lh each Illustrate ::i rcspectivc Local r\rc..1 Network (LAI\) 

IOand 12 \vh1ch may be implemented utilizing arbitrary topology POTS wmng 14, 

!>Lich a-, UTP w1nng. within a residential building 16. The wmng 14 fans out from 

a central connecuon point IS. through which the w11 mg 14 connected to a ccntr~11 

office, to numerous phone Jacks 20 located throughout the building I 6 A number 

of LAN devices (ulso termed "stauons" or "nodes"), such as computer~ 22, 

modem<; 24 or pnnters 26, may be coupled to the wmng I 4 via the Jacb 20 

Regular telephones 28 are also shown to be coupled to the wiring 14 v1:.i respective 

pcks 20 A number of br:.inches of the wiring 14 may funhermore tcrrrun::ite in a 

J..ICI-. 20 into which :.i LAN device or telephone 1s not connected, and arc accordingly 

untermm4.lted. As will be appreciated from Figure la, tile wmng 14 

interconnecting the LAN devices hu!-. :in irregular topology, ~111d includes a number 

of untermmilted branches Impedance mismatches, the arbitrary topology, 4.lnd the 

lack of termrnat1on wnhm the LANs I 0 and 12 result in the rcneCllon of signals and 

unpredictable frequency re!-iponse~ within the:-.e LAN!-> I 0 and 12. Further. the star 

conf1gurat1on illustrated in Figure la ~erves to attenuate the leveb of signal 

features who!>e duration 1s short compared to the propagation delay of the wire 

branches. 

Turning now to Figure 2, there is illustrated u network station 30 coupled 

ro a LAN via uncharacterized, 4.lrbmary topology wmng, such as the POTS wiring 

14 illustrated in figures fa 4.lnd b. The network St'1LlOn 30 allows 41 number of 

well-known protocol and LAN features to be implemented w11hm the LANs IO and 

12. For example, the LAN 12 may use Ethernet, BIS YNC or HDLC framing. and 

implement Collision Detecting. Coll1s1on Avoiding. TOMA, Polled or Token 

Passrng acces-; method.'>. 
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An overview of the \'.'.lrtOU'- components of the net\\ ork s:::iuon 30 will no'' 

be provided The station 30 comprises a network device 36 ::ind .in .:id::iotcr 35. The 

adJpter 35 includes .'.l modem 32 that serves to ::idapl a commun1c:.ll1o:is controller 3~ 

(such us ::in ethemel communicat1ons controller) of the network device 36 (such as a 

computer) for communication over the arbmary POTS wmng 14 ln one 

embod1mcnt, the modem 32 provides medium interface. signal encoding and 

decoding (ENDEC), clock recovery and col11s1on detection funcuons Exemplary 

embodiments of collision detccuon circuitry and funcuons that may be 1mplementecJ 

w1th1n the adapter 35 are described in co-pending appl1cauon Sena! No_ 

. entitled "METHOD AND APPARATUS FOR DETECTING COLLISIONS O~ A 

NETWORK", filed , and ::is!l1gned w the as.s1gneL: of this <.1ppl1cation. 

To accommodate a vanable bit rate encoding/decoding scheme, and to control the 

!low the data between the network device 36 and the wmng 14, the modem 32 

controls the clockmg of dnca co and from the communica11ons controller 34 The 

modem 32 mny further support Carner Sen.se Multiple Access/Coll1~ion Detection 

(CSMA/CD) based Medw. Access Control (MAC) layers and accordingly provide 

cam er detect and coll1s1on ind1cat1on signals. The modem 32 is f urthcrmorc shown 

to be coupled to a ffiJCroprocessor system 38 of the network device 36 via a 

management interface, which allows the modem 32 to be controlled by software 

c:-.ccutmg within the microprocessor system 38. The adarter 35 further 

incorporates a coupler module 40 by which the network stauon 30 1s coupled to the 

pd: 20 :ind POTS wmng 14 The coupler module 40 includes a p::iir of RJ-l l pons 

through which the wall 1ach: 20 and the telephone 28 arc coupled to the network 

device 36. The coupler module 40 1s funhermorc connected to the modem 32 via a 

transmit/receive connection 42. 

A filter (not shown) is incorporated within the coupler module 40, and acts 

a~ a bandpass wnh a lower cutoff frequency of around 400 k.I-lz and upper cutoff 

frequency <.1round 4 Mhz. The filter is AC coupled to the wiring J 4 to prevent 

interference with POTS operntiom.. Further details of the coupler module 40 are not 

pertinent to an understand mg of the present invenuon. 

Referring now to the network device 36. the commumcauons controller 34 

1s typically respon'iible for Link-Layer protocol functions. such as fr:iffilng, error 
5 



detection. adores' recogniuon and media acce~.., 1:1 one embou1me:-;:, tile control!er 

3~ 1s an Ethernet LAN ~en:.il controller, and man alternative cmbod1mc:-:t :s a H1gt 1 -

Leve! Data Link Control (HDLC) serial controller The m1croproccsso: system 3S 

1~ responsible fo1 the execution of software which controls the controller 34 and the 

modem 32. The 1nicroprocessor syc;tem 38 1s furthermore shown to be coupled to 

the controller 34 via a d..ita bus 44. and the controller 3-1 1~ s1mil.trly coupled to the 

modem 32 

The adapter 35 thu.., allows a network device 36. including u 

communicatJOn"l controller 34. such as an Ethernet controller. to be coupled to a 

LAN implemented u~ing POTS wmng 14, and serves to encode dnw trammmed 

from the network device 36 onto the LAN into a format sullable for pro;n1gauon 

over the wmng 1-l S1mtlurly. the :idaptcr 35 decodes s1gnab received v1:i the 

POTS wmng 14 into a form:.it sunablc for recepuon by the controller 3-l. While the 

udapter 35 1s shown in Figure 2 to reside outside the network device 36. it will be 

appreciated that the ad:.ipter 35 could in fact be incorporated wnhm the network 

device ;is, for example, part of a Network Interface Card (NIC). Alternatively, the 

ad::ipter 35 m::iy comprise a stand alone unit which i~ coupled between a serial pon 

of the network device 36 and the wall jack 20. 

Figure 3 1s ;1 block diagram providing a more detailed view of the 

components of the modem 3::.'. Specifically. the modem 32 compmes ::in 

encoder/decoder (ENDEC) 46 which 1~ responsible for encoding a bit sequence as a 

symbol for transm1ss1on ove1 a carrier medium such as the POTS wiring 14 

Similarly. the ENDEC 46 1s responsible for decoding a symbol received from the 

wmng 14 to generate a hit sequence The encoding and decoding operations 

performed by the ENDEC 46 will be described m further detail below. The ENDEC 

46 funhermore supplies both transmit and receive clocks to the communications 

controller 34, and overnll operation of the END EC 46 1s under the control of an 

access sequencer 48. The access sequencer 48 selects a general mode of operation 

for the ENDEC 46 and for the modem 32 :.i:-, a whole 

The modem 32 further includes rcce1ver/transrn1cter cJrcu1try 50. which i~ 

responsible for the reception and transmission of symbols encoding bit sequences 

ln 01Te-ernhod1ment of the invention. such :-,ymbob a1c delimited by electrical 
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pulses. Ill which case a trJnsn11tter 50a receives symbol Jnd pol.:1:-:t~ inro:-mat!or:.. 

synchronized to a master clock. from the El'\DEC .:..16 In one embod1mcr:t. the 

-..ymbo! 1nforrn:rnon received from the ENDEC 46 rcp1e:,ents the v;.1.nable-durat1or. 

(or encoding) portion of an electrical compo')1te symbol 10 be propagated from the 

tran'>milter 50:.i. The tr:in<;m1tter 50::i appends a f1xed-durat1on (or buffer) portion to 

the v:m:1ble-durat1on por11on to generate ;i composite symbol The t1ansm1uer 50a 

rhen generates symbol deltn11ters, which dererrrunc the lime durauon and polanty of 

the composite symbol, m the form of pulse doublet!i Each pulse doublet compnses 

first and second poruons of approximately equal duration and opposite polanry. and 

ha~ a fixed pulse width. The polarny of each pulse doubler 1s detem1med by 

information received from the EN DEC 46. As each pulse doublet comprises two 

equal pon1ons of equal durauon :md oppos11c polarny. no Direct Current (DC) 

component 1s generated on the wmng 14 when the pulse doublet 1s transmJlled 

thereon Compliance with FCC Pan 68 requires that the voltage levels of each 

pulse doublet be subst:mually less than would be generated when dnving the 

coupler module 40 at Transistor-Transistor Logic (TTL) levels. A reduction in the 

voltage levels of each pulse may be accomplished by incorporating a senes of 

resistors, 01 step-down windings. in a coupling transformer within the c1rcumy 50. 

In one embodiment. each pul!ie doublet compnscs a single cycle of a2 mHz sine 

wave 

The circuitry 50 al"o includes a receiver 50b, which compno;;c~ gain 

clements, comparator and d1g1tal control circuitry The receiver 50b produces an 

output pulse. shown at 5 l m Figure 7, coincident wllh the first peak (1.e. the 

inflection point) of a complex w<.1veform received by the wall Jack 20 off the winng 

14. Figure 7 provides an tllustr<.1t1ve example of a waveform 52 that may be 

received at the receiver 50b off the wiring 14. The waveform 52 may be highly 

:.mcnuated and distorted as a result of bemg propagated through a residential POTS 

wiring 14. As shown al point 54, renecuons can result ma peak amplitude 

occurring sometime after am val of the incident energy. Without line terminations 

and wnh complex topolog1es, pulse energy can continue for many microseconds. 

decaying gradually. 
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. .:>..:=;mentioned :ibo\'e. the present In\Cnt1on propo~e~ encod1r:g :1 bit 

~cqucnce a~ .:i symbol, the :.ymbol h:J.\'Ing a umc c:u~atior. md:::auve or me bi~ 

~eciuencc :i.nd bemg c!eterm1ned by first and second dcl1m1ters In or.e embodiment 

of tl~c 1nvent1on. these dclirrutcrs comrm:,c electncal pulses transrrutted irorr: :1 

transmitter 50:.i. Thus. m order to c;uccessfully rece1 ve a symbol at the 1 ece1ver 50b. 

tile ong1nal pulses generated from a rransm1ttc1 50a muc;t he a~ accurately 

rcp1oduced as possible. To this end. the receiver 50b is required to dcrecr the iir:,t 

rcak of any incident waveform, as the precise time of arrival of these mc1dcnt peab 

must be determined to a<;certam the 11me durauon of a symbol. Accordingly. the 

receiver 50b is configured to detect the first incident peak, such as the peak 56. of 

the me1dcnt waveform 5'.2. and 10 ignore potentially high amplitude pulses occurring 

soon after such an m::1denc peak Further details regarding the func11or.rng of the 

receiver are provide below 

Turning again to Figure 3. the modem 32 aho includes system incerfoces 

in the form of a General Purpose Serial Interface (GPSI) 60 and a management 

incerface 62. Tile GPSI 60 allows the modem 3} to control the clock.mg of data mto 

:.ind out of the communications controller 34. Table 1 below provides the details of 

the GPSI 60 signal Imes: 

TABLE 1 

Signal Name Direction Description 

TENA To Moacm Tr:insrn11 En:ihle 

Qu:ilifies TX a!> 

conI.Jining packet dJtJ 

TX To Modem Transm11 d:ita 10 encoder 

s 



TCLK Fror.; 1\ lod::n 1 T~:ins~11 Clo:.: ... l~un-; 

:.:ont:nuou~ly wh::n 

T?J::NA dc~>ertcJ. 

stopricd while Access 

ID. (ch:t::ult:d bclo\~) run~ 

:it v:m:iblc r.1tc under 

control of 1r:insm11 

encoder dunng 

trJns1111ss1on 

RENA From ivluliem Rccc1 vc En:ibk 

Qu:ililics RX U\ 

wnt:i1n mg p:icJ...et dJt:.i 

RX From Modem RL:cc1vc.: d:ita tram 

decoder 

RCLK From tvlodcm Receive Clod .. Runs 

conllnuously when the 

wire 1s idle, is stopped 

during recepllon of :in 

Access ID (detailed 

he/ow). runs at variable 

r:.itc under control of the 

decoder dunng r:.icJ...ct 

rcccp11on. 

CLSN From 1\<lodc.:m Colli!.1on Sense 

Ind1c:i1cs e11hcr J 

transmit or receive mode 

collis1on. 

The management interface 62 1s a ~1mplc 4-wire serial interlace tor settmg 

and readmg management configuration informauon. A nucroprocessor within the 

conununicauons controller 34 uses this interface to establish the speed of operation. 

and to set the access sequencer's 48 mode of operation. In one embodiment the 

communicatJons controller 34 1s an ethernet controller. and the management 

parameters for the modem 32 are ~tared Ill <1 serial EEPROM. and loaded 
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:1utom;:iucally eve;· umc the con!rolle: 3~ 1~ reset 01 m1td1zec T:1blc::: belO\\ 

det:.iii-.. the re/e\Ji1l signal [1ln'> and m:rnagcmenl conf1gc1:JtlOil dJl2 

TABLE 2 

S1gnol Name Direction Description 

MDO From l\foc.Jem s~n.11 dat:: s1re • .11n 

r~.1c.Jou1 o I modem 

coni1gur:it1on 

rarome1cr; 

MDI To l\fodc m S~n:iJ d:llJ SlreJlll 

c;e111ngc; ()i modem 

con figur.won 

par:imcter;. 

MCLK To Muc.Jc111 Senj.l c.J .. aa docl.. D.11J 

1s shd tcc..I 111/out on 1h:: 

rising edge of 1h1s 

c;1gn.1l 

l\ICS To Modem Chip ~elect Quol1fic:s 

.ind lromcs Jc11v1ty on 

the c;cri.11 c..lata channel. 

F1r,1 dolJ h11 1s 

reci.:1 vec.J/trJnsm1tted 

Io I lowing ;isscruon of 

this sign.ii 

Configura11on data 1s 

loodcd into internal 

reg1~tcrs upon tr::insit1on 

to dc:asserted s1a1e 

The receive:- 50b f unher includes an Analog Front End ( AFE) 50c and a 

Pha-;e-lock loop (PLL) c1rcu1t 50d. The AFE SOc c;hape!> trnmm1t pulses. and finds 
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and indicates w the receive:- SOb the t:me (tcmpor,il l locauor. or th:: 1nc1dent pe~ 0:­

,1 rcceivec waveform (pulse). 

figure 4 IllustrJte5 the modem 3:2 included \\'1th1n .in adapter 6-i. which 

allows u compute1 22 including a lOBJseT Ethernet communicauons conuoller to 

comrnurnc:He over a LAN implemented usmg POTS wmng 14 The adapter 64 

includes a filter/coupler module 66. a IOBaseT Media Access Unit (MAU). an 

EN DEC 6S, an Ethernet iv!AC Controller 70. a buffer manager 72. ar.d n Stntic 

Random Access Memory (SRAM) 74. The adapter 64 acts a~ a non-filtering 

bridge. and receives packets from either interface. buffers such packets tcmpor:mly. 

:rnd transmits them to the opposite interface as soon as possible. Spec1f1cally. the 

buffet manager 72 u~es the SRAM 74 to emulme two iargc FIFO memories 

huffenng packets being transferred between IOBaseT :md the POTS wmng 1-l In 

one embodiment, the adapter 6-l dues not have a MAC LAN add1e~s The adapter 

64 further includes a RJ-45 connector 76 for l OBa~eT access, and two RJ-11 

connectors 78. A speed selector 80 allows a user to configure the transmission 

speed of the adapter 64. The adapter 8-+ also includes ;m array of drngnost1c Light 

Errutung Diodes (LEDs) 82. 

En cod mg 

A':> a result of tl1e arbmary topology and the untermrnated nature of the 

POTS wmng. the present rnvent1on proposes encodrng prede1ermrneu bn ~equencc~ 

a-. respective symbols for transrruss1on. In one cmbod1mem, each symbol i~ 

distinguished by huvmg a specific lime duration. this lime duration being 

deremuned by the time interval between the receipt of first and second delimiters. in 

the form of electrical pul~es. The present mvention proposes encoding data m the 

precise llme arrivals of short duration pulses which are widely separated in time. 

As described above, a trunsm1tted pulse is attenuated and ~cauered as it bounces 

around the w1rmg 14. After enough time has elapsed, the pube will die out and 

another can be sent without fear of interference from the previous pulse. 

Specif1cally, once the reflections resulting from a particular pulse drop below a 

receiver's ~ensit1v1ty threshold, another pul~e C(.Jn be sent wllhout risking inter­

syrnbol interference Reference made to figure 7 which ~hows the wnveform 52 
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received at a receive:- 50b in re-.ponse to the tran..,r.us-.1on of .1 ::.inuso1d:.li pulse i:-on' 

a l! ansr:i.rner 50J . .-\s illustrated, 111 one embod1me!li of the pre::.ent 1m :::nt1on 

receiver's sens1tiv1ty threshold m:1y decny exponenllally after detection of a firs: 

pe:.ik 56 

For the purposes of th1.'> spec1f1cat1on. It 1:. convenient to speedy 41 lime un11 

111 which the ume between the trnnsm1ssion of pul..,cs can be expressed To th1:i 

end. a time unit arb1tr:-inly termed a TIC!.'> defined a!-. cornpr1s111g 0 1167 

m1cioseconds. 

Referring now specifically to Figure 5, u :,cries of !-.equent1:.il !-.ymbol~ 90.-i-

90c are shown to be sepawted and d1st1ngu1~hed by :-i se11es of pulse:, 9:?.n-92c 

tran-;mmed from :-i receiver 50b over the wmng 14 Each symbol 90 hai; :~ 

predetenrnned duration md1cauve of :i 1espect1ve bit sequence. A minimum time 

mu!>t sepnrate each of the pulse!-. 92 from a preceding rulse. so a!-. to allow 

reflccuons resulting from the pulse 9:?. to decay below a receiver's threshold This 

n11n1mum time 1s included within each symbol 90. as a fixed-duration (or buffer) 

symbol portion, and may be conveniently referred to as an Inter-Symbol Blanking 

Interval (ISBI) 94. The duration of the JSBJ 94 i!-. determined by a number of 

factors. such as the complexity of the POTS winng topology, the impedance of 

tcrmm:itors (e.g., telephones) on the ends or each wmng branch, and random no1~e 

on the line which m41y add to the amplitude ol dcc1y1ng renecuons. In one 

exemplary embod1mem. the ISBI 94 h:.is a duration of between I and 5 

microseconds. and specifically of 2.1 m1cro:.ccond:-. (1.c. 20 TI Cs within a modem 

32 operating at 60 MHz.) It will be :ipprec1ated th::it the ISBI 94 effects the 

transmission data rate, and Jl i.'> desirable to h::ive the ISBr 94 a!> short as possible 

Each symbol 90 is furthennore shown to comprise a vanable duration 

symbol ponion 96 md1cauve of a prcdetermmed bit sequence. The symbol portion 

96 may be expressed as an integer multiple of the TIC ume interval. and the 

durauon of a symbol may thus be expressed as ISBI+D*TIC. where D is an 

integer. 

An exemplary method of encoding 41 bit stream :is a sequence of symbols 90 

will now be described with reference to Figure 6 Specifically Figure 6 shows a 

coding tree J 00 illustrallng a method a coding 41 bit stream The encoding 1s 
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102 from the communicat1ons controlte: 3..; \'::.i the GPSI 60 Fo: u::: rJL.;:yoses o: 
cxplJn;.iuor:. !!le en\.:odrng of :.l spec die bit sequence. co:npr 1::.1r:f 01:s . .:..-G of b:' 

~tre;.irr. 10:.. will oe exolarned The encoding method oegins .tt s:er 10~ \\'1th ::i:-­

ex;.imm::it1on o:- tne next bit to be encoded (r.e brt A). Al step I 06 a acrerrrnn:.itron rs 

made as to whether bn .A. 1::, <i one ( 1) Ii so. the nc,\t bll (1 e brt B) detcnrunes l~c 

pola.:-ity o: a pulse wn1cl1 will comprn.e ::i dcim11te1 of :1 symbol repre!>cnung b1rs .~­

E. Tnc nexi three b1t<; (r.c. brts C-E) select one of ::i first set of eight symbob 

(Symbols 1-S) E;.ich of the Symboh 1-8 mclucie!> the rrxed ISBI 9~. as well :.is th~ 

\'ar 1able duration symbol portion 96 

Alternat1vely. 1f It 1::, deterrruned ;,it step 106 th;.it bit A 1s ::i zero. the method 

proceed<., to step I OS. where ::i determm::iuon re; made as to whether bit B 1s a one or 

a zero If bit B 1c; a one. then bit C aetermmcs tile pulse polarny and the r.e:\'. three 

bns ! 1.c. bits D. E ana F) select one of e1gh1 symbols in a second group (Symbol!> 

9-16). 

If both bit A and bit Bare zeros. then the method proceeds to step 110. 

where a deterrrun::it1on is made as to whether bH C 1::. a one or a zero. If bit C 1s a 

one. then bit D determines the pulse polarity and the next three b!ls (1.e. blls E, F 

;.ind G) select which of a th11 d group of eight symbols (Symbols l 7-24) 1' ~elected 

to encode the bit patten: If bit!> A.Band C :.ire ;,ill zero.:.. then bit D selects the 

rol:.inty :ind :.i Symbol 0 1\ -.eJecred to represent th:: bll paucrn 

A:::cordmgly. ll will be appreciated that Symbol 0 encodes u 4-bil sequence 

0000. Symbols l-S encode a 5-bit sequence I BCDE, Symbols 9-16 encode a 6-b1t 

sequence OJCDEF and Symbob 17-24 encode 41 7-btr sequence OOlDEFG. 

The encoding method thus encodes bit sequences m groups of varying 

sizes, spccif1cu!ly m groups either 4. 5, 6, 01 7 bits. The symbols are assigned lo 

the encoded bit sequences in a manner which cau<;cs more data bns to be encoded m 

symbols having a greater duration. For exumple, symbols I 7-24 will mclude 

vannble-durauon ponmns 96 which arc longer m duration than the van::ible-dural1on 

symbol poruons of Symbols 1-S. This allow~ opum:il ;iverage ::ind mm1mum bit 

r;.itc!:> to be uch1eved. The encoding of a bll utilizing the pol.iriry of :i pulse which 



cncomr.f methoaoiog: 

figures S Jnc 9a illus1rat::'. :.m e:-..cmolar:, c:11boo1:T:e11: of th·.? mo-:e:-:~ ::: 

m:p1emen1cd using Field ProgrJmm:iblc G:ite Array~ (PPGA-,) The er.coder -io.:\ :~ 

!-.nown in Figure 9a 10comp11se an encode state machine I 16 ::ind J token-10-

symbol conver,,1011 c1rcu1t I IS The encode swte m.1chmc receive!-. ;1 TIC cloct.. 

(TCLK 1 c:;1gn:il ; :20. Jnd ,1 Master StJle (i\·!S [7:0]) "ignal I 2: wn1ch md1catcs tile 

m:.i,tc:- .state of the modem 32 and 1" generated by the :icces-; sequencer 4S The 

encode state machine 116 also receive.-; data 10 be encoded \'la input (GN_DA T . ..\) 

124 from the commun1cauon.s controller 34 via the GPSI 60 The outputs of the 

encode srate r:rnchine I I 6 include the following ~1gnals 

KT _Pulse 126· Assenion of tlm signal instructs the transm1tte: w ~end ;i 

rube and to accept a next symbol for tran,m1ss1on. 

2 NG_SE "1gnal 128: Assertion of tlllS signal informs tile GPSI 60 10 

!-.h1ft out another bit: 

.3 NT _POL 132. This signnl represents the dJta bit which follows the b1ts 

used 10 _,elect the group of symbol from which the transmitted symbol 1s selected. 

::ind set" the polarny of the next symbol del1mJter (or pulse), 

-! TSET [ l .O] s1gn<1I l 30. This signnl encodes whether the next b11s are 

000.0 I or 00 J (1.c. !-.elects the .set of eight symbols irom which the symbol 1s 

~elected). and 

S TSEL 12:0] ~1gnal t 34: This signal comprises the three select bits 

following the pol:mry hit indicated by the NT_ POL s1gn:il 132 and i.s used to select 

a symbol from wnhin n group of eight symbol.'> 

The token-to-symbol conversion circuit 11 S receives the TSET [ J :0] signal 

130 :.ind the TSEL [2:0] signal 134 from the state machine 116, and gcner:itcs the 

symbol w be transmitted. represented by the NT _SYM (4:0) signal 136. The 

.symbol (1.e. the NT _SYM [4:0] signal 136) is propagated to the transmitter 50a. as 

shown in Figure 8. which add~ to this symbol the ISBI portion 94 to thereby 

generate the compm.ite symbol. The transmltler 50.:i w:11ts for n number of TJC.s 

represented by this composllc signal between the transm1ss1on of delimiter pulses. 

14 



Op::::-at1on of tne emood::nent oi the enccoe~ ..;6;i s:10\\ ;: 1:-. F1~ures S :J.n.:-

9 wi!i now :::>:-1efiy be described Firstly. the NT _pub::: ~!p:!! ! 26 1.., ..is<>cnc.:.:. 

c::iusm,;; a puJ:..e to be t:-::insmmc::! from the tr;msr:lltte~ 50.1 The trans:i1wcr :L::-:h::· 

includes an interpulsc timer (not shown) \.vh1ch begins :i timed record from issu.mcc 

of this pulse. Ncx:. the shift register within the encode:- state m::ich1ne 116 l!:> reset 

a:-id the !\:G_SE s1gn:.il 128 is asserted to receive :1 bit from the GPSI 60 The 

contents of tne sh1tt reg1!->ter are then shifted to the left and e:i.ammcd until one of 

iour patterns is recognized (1.e. 000.1.01.00 I). Ii one of these patterns 1s found. 

shittmg :.top'> and decoding logic w1th1n the encoder 46a encodes the bit parent:.!!:> a 

numbc! "0 .. 3" Thi.! TSEL: .. TSELO and NT _POL signals are then outputted to 

indicate the symbol select and the polarny. External combin:iuonal logic in the 

encoder 4fo (1.e. the conver~1on c1rcu1t 118) and the tramm1ttcr 50a convcn this 

111format1on into a number of T!Cs between pulseo; needed to encode the bll 

sequence. Specifically. the :ransrrutter 50a receives pulse :ind polarny inform:iuon 

synchronized to the TIC clock signal I::?.2 and then generate<; u pulse doublet, which 

comprises a smuso1dal pulse of a fixed width and of a polarity deterrruned by the 

i\T _POL signal I 3'.2. The transmmer 50a transrruts this pulse on the TXP and TXN 

outputs. The lime at which to generate this dcl!mrnng pulse is determined in 

acco! dunce wnh the symbol mform:iuon senc to the transrrutcer 50a by the encoder 

46u and m accord .. mce wah the 1r:insm1trer inr:::r-pulse timer 

Decoding 

Referring a.gain to Figure 8 and tO Figure 913. m response to the 

transm1ss1on of a sinusoidal pulse doublet from a trnnsrrutter 50a coupled the POTS 

wmng 14. a response waveform 150. such as that shown m figure 7. is received 

at a receiver 50b. In order to determine the lime duration between transmitted 

pulses. the receiver 50b is required to determine the precise time of a.mval of 

incident peuks. such as the incident peilk 56 shown m Figure 7. In one exemplary 

embodiment, the mum receiver signal path consist!:> of an amplifier followed by n 

different1utor (not shown). The amplifier may be necessary to compensate for the 

low transmit levels required for compliance with FCC Pan 68. and gain 1s 

accerdmg-ty fixed :it abou~ I SdB. The output of the amplifier 1s fed to a 
l 5 



ch:.rn_;:.:::-- ::,-~r. Tne output of 111e d1fterent1;1to~ 1s g,ltd D:· L10:'.i t1::;e ...:.~::.: ..:nmi::~c: 

rroccs:::.:r.f c1:cu::s \\'Jth:n th:: receive~ sot- Follow:ng th.:: ae!ect:or: o:...: '.:C..l.· •. .2 

~1~er 1, wnic:i ume:-; the ISBI 1nten·;il 9~ l 1:-; stanec'. During tlm rime tr.e 1.::~c1\·er 50r 

1" ci1..,armc:! Peaks \Vllhrn the received w~1vefonn 150 a: e ignored dui Inf :r.e !SB I 

1mer\ ,i;. even 1 f the :im;;I nude'> ;u c greater than th.1! o: the or1;:1n..il i y d:.::t:.::ctcd oe:L~ 

The d1r'1erenl!ator 111.1y he :-.ens1t1vc to noise and thu'> :-.u..,cept1hl:.:: to 

rroducing spunou'> outputs dunr.g the ISB I period. In one exempl:lry ernbod1men:. 

to furrhc:· qualify the output of the differen11ator. two comparntors :md .1 "pe::il.­

tollowrng" 1hrcshuld gencraung c1rcu11 (not shown) detect the polarity of a:~ 

incoming pul:::.e The comp:1rarors take as 1nru1s tne ::impl1iied waveform and n 

mrc:::.holci voltage. The comrarato1s recr;1ve oppos!lc pna..,e:-. of the amplr1ied moui 

w~iveform. so tnat one compar::ito1 \ output 1s actrve wnen tne w:1veiorrn exceed:, 

the tnrcshold 1r. a po:.1uve direc110n. :ind the other comp..irntor':-. output 1:::. acuve 

wnen the \vaveform exceeds the threshold in a negatrve d1rccuon. The threshold 

volt::ige. generated by the thn::shold gencraung circuit. trJcks the amplitude of the 

incident peak 56 Once the incident pe::ik 56 passes. the threshold voltage muy be 

<tllowed to decay cxponent1ally. as shown 1n Figure 7, in :.i m:mner that roughly 

models the cxrected lov.:ered amplitude resoon:-.e of received renect1on pulses :\ 

h1;1-:; en:-.u1c~ th;it the threshold voltage can only ~ink to a 111lll1mum value 

rcp;e1,ent1ng the 111;i:--1mum sen~1t1v!ly or the receiver 50h A synchronized d1gllal 

st~itc 111acn1nc eontrnb opcrauon of the receiver 50b The receiver 50b 1s ag:.un 

:.irmed when the amplified w;iveform voltage 1s below the threshold. and the ISBI 

llmer has expired. As a new waveform 152 arrives. me amplified line volt.:.1ge nse~ 

ahove, or foils below. the thre~hold voltage. causing one of the two comparators to 

again become uc11ve. TillS then sets a latch which remembers the pol<mty of the 

incident wave fonn. and d1s::ible:-. the output of the other comparuior until the 

receiver 50b 1s re-armed The setting of this latch causes the threshold volrngc to be 

dnven to the peak voltage of the 111c1dent wave 

The latch al-;o arrns an edge detector c1rcu1t lnOt shown) which 1s look.mg 

tor :.i 1rans!l1on from the peak detector. md1cmmg the amv;il of a first incident peak 

50-- The OLHfHll of the edged detector 1s a one-cycle wide rulse synchronized to the 
l 6 



\;. srem cloc~: 1~ol::ito: Dc~c.:t1::f rr.e pe;_ih. st;J;~s tr::: !SB I :::-;;:::- ''· :1:c" ::- :c::-:-.. ::oL::~ 

me comp:Jr.Hor l:J:ch circuit re-,e~ JnJ r::J..kes tr.c rcce:vc~ 50::: blin.:: :o 2·1:, mo;c ::-:::L:: 

ruk~c; unul me TSBI t:me expires 

\\'h1ie the receive:- 50b is wa1ur.g of the ne:-.: pube. the thr::::--r:oi~ f:ene:-.'.l~!:lf: 

ci1cu11ou:p~It1.~ in L.I h1gn impedance state. allowing :J c:Jpac1tor to hold the rr.re~ho!c 

voltage .A. bleed res:stor causes this voltage to dr .. 11n off. effcctJvely 1r.cr:::.:i<;1ng the 

scns!l1vHy of the receiver 500 with tnc p.:is:-.mg or tim~ from the Ja:-l pubc 

The dccode1 46b performs the reverse of the ope muon performed by the 

encoder 46:.i Spec1i1cally. the decoder 46b receives the encoding symool por11on 

06 r'ro:i~ tne ieee1ver 500 and reconstJtutes •t token (1.c . .:i seu\elect p~11r) from wi11ch 

me onginul b11 <;equencc can he generated. Specifically. the decoder 111cludes a 

svmbol-ro-token conver~1on circull 200 :.ind a accede Mate machine 202 ac; shown 1n 

figure 9B. The conversion circuit 200 receives the ~ymhol v1•1 input 

RD_SYl\1[4·0] 204 from the receiver 50b, this symbol being derived from tne 

measured inter-pulse ume. Spec1fic:.illy. the receiver 50b identifies :.i composue 

'-ymbol based on the ume duration between succession c.Jel1m1ter pul~es. <rnd 

subtracts the known i1xed-dur::i.uon (or buffer ponion) (ISBY) 94 from the 

composlle symbol to reveal the encoding portion 96, which 1s represented by the 

signal on RD_SYJ'v![4·0] input. The symbol is convened by the circu1~ 200 to the 

iollow1r.g token outrut<:: 

RSET[ I .OJ Thi~ output indicate~ rhe set oi eight symbol" to which 

the relevant symbol belongs. and 

' RSEL[2:0]. This output indicates which of the symbols ir. the 

selected scr comprises the appropriate symbol. 

The token values are then fed to the decoder state machine 202 which, based 

on the supplied token cons1srmg of :.i set, select ::i.nd polarity, determines the length 

and pattern of the decoded bit sequence. The inputs to the decoder stare m::i.chme 

202 include the following: 

I. RD_PULSE 206· This s1gn:.il indicate~ to the dec.:odc state machine 

202 that a symbol pube hus been detected: and 
7 RD_POL 208: This signal 1nd1crnes the polarity bit of the pulse. 

7 



DG D . .;. T.; : I 0 The decoded bH .'>cau.::r.cc 1~ se:~: :o tnc 

::0111:-:iun::::it1on~ control!e~. \'1:1 the GPSI 60. or: this ou:put. 2:-:.:: 

: DG_SE:: :2. Tim output tells the: GPSJ 60 to shift 1r. :.i110:11::~ b1: 

Whiie the above cxcmpl:.Jry embod1111enr has been rc:.il1zcci ut:lrz.rng FPG..\s. 

1: will :eacl1ly be :ipnre::r<itecl that the c1:-cu1try and iunc11onai unit;;; de:-::nbcd :ibovc 

m;i: rc.:dily be rnco111or.1ted \\'lth1n an Appl1cat1on Spec1C1c Int::gr.llt.:cl C1rcu1: 

( . .\SI Cl. 

Thu:i. a method :ind ;.ipp:.iratus for encoaing Jnd dec.:odrng ;,i b1: s:.!quen::c fo· 

t1:msmJss1on over a POTS winng hJve been described Although the rrescnt 

111vc:iuon lw:; been described with 1eference to spec1f1c exemplury embod1111cnt:i 1t 

will be evident th:i1 vJnou:- mod1fica11ons ;.ind change.;; m;,iy be rr.Jde to these 

embodiments without deparung from the broader scope and sp1rn oi the invention 

.-\ccordrngly. tnc specif1cJl!On :rnd drawing:-. Jre to be r:::garded rn ar. J!iu:-t~auve 

r:ithcr th;.in .i restncuve sense 

I 8 



CLAIMS 

What is claimed is: 

1. A method of decoding a symbol having a time duration indicative of a bit 

sequence and determmed by first and second delirmters, the method including 

the steps of: 

detectmg the first delimiter of the symbol on a carrier medmm; 

measuring a predetermined blanking interval following the detection of 

the first delirmter; 

preventing detection of the second delimiter before expiration of the 

predetermined blanking interval to prevent the detection of reflections 

resulting from propagation of the first delimiter over the carrier medium; 

detecting the second delimiter of the symbol on the carrier medium after 

the expiration of the predetermined blanking interval; and 

identifying the symbol indicative of the bit sequence from a group of 

symbols, based on a time duration between the respective detections of 

the first and second delimiters. 

2. The met.bod of claim 1 wherein the first and second delimiters comprise 

first and second electrical pm:.es respectively, the method including the step of 
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decodmg at least one bit of the bit sequence utihzmg the polarity of either the 

first or the second pulse. 

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

the 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 1 including the step of defining a predetermined 

group of symbols of varying durations and associating each of the symbols with 

a respective and predetermined bit sequence, wherein the group of symbols 

includes symbols of equal duration that are distinguished from each other by the 

polarities of their respective delimiters. 

5. The method of claim 1 wherein the step of preventing detection of the 

second delimiter comprises preventing detection of the second delimiter for a 

time period of between one and five microseconds. 

6. The method of claim 5 wherein the step of preventing detection of the 

second delimiter comprises preventing detection of the second delimiter for a 

period of approximately 2.1 microseconds. 

7. The method of claim 1 wherein the steps of detecting the first and second 

delimiters each include the step of detecting a peak of a pulse a signal 

propagated on the earner medium. 

8. The method of claim 7 wherein the step of detecting the peak of a pulse of 

a signal propagated on the carrier medium comprises performing a 

20 



differentiation operahon with respect to the signal propagated on the earner 

medium. 

9. The method of claim 1 wherein the steps of detecting the first and second 

delimiters each comprise detecting a respective delimiter propagated over Plam 

Old Telephone Service (POTS) wiring. 

10. The method of claim 9 wherein the POTS wiring comprises unshielded, 

twisted-pair (UTP) telephone cable. 

11. The method of claim 10 wherein the UTP telephone cable comprises either 

Category 1 or Category 2 cable. 

12. A method of identifying a symbol having a time duration indicative of 

encoded data, the time durat10n of the symbol being defined by first and second 

delimiters, the method including: 

detecting the first delimiter of the symbol on the carrier medium utilizing 

a receiver coupled to the carrier medium; 

measuring a predetermined blanking interval following the detection of 

the first delimiter by initiating a timer on the detection of the first 

delimiter; 

preventing detection of the second delimiter before expiration of the 

predetermined blanking interval by disarming in the receiver until 

expiration of the predetermined blanking interval; 

21 



detecting the second delimiter of the symbol on the earner medium 

utilizing the receiver after the expiration of the predetermined blanking 

interval; 

identifying a symbol from a group of symbols based on a time durahon, 

measured utilizing the timer, between the detection of the first and second 

delimiters; and 

identifying encoded data corresponding to the identified symbol. 

13. A decoder arrangement for decoding a symbol having a time duration 

indicative of a bit sequence and defined by first and second delimiters, the 

decoder arrangement comprising: 

a receiver coupled to detect the first and second delimiters propagated 

over a carrier medium; and 

a blanking circuit to identify a blanking portion of the symbol on detection 

of the first delimiter, and to prevent detection of the second delimiter 

before expiration of the blanking portion to thereby prevent detection of 

reflections resulting from propagation of the first delimiter over the carrier 

medium; and 

a matc~~ng circuit to identify the symbol indicative of the bit sequence 

from a group of symbols, based on a time duration between the respective 

detections of the first and second delimiters. 
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14. The decoder arrangement of claim 13 wherein the first and second 

delimiters comprise first and second electrical pulses respectively, the decoder 

arrangement being adapted to decode at least one bit of the bit sequence utihzmg 

the polarity of the second pulse, or vice versa. 

15. The decoder arrangement of claim 14 wherein the at least one bit of the bit 

sequence is decoded utilizing the polarity of the second pulse relative to the 

polarity of the first pulse. 

16. The decoder arrangement of claim 13 including a memory resource to 

store a predetermined group of symbols of varying durations, each of the 

symbols being associated with a respective and predetermined bit sequence, 

wherein the group of symbols includes symbols of equal duration that are 

distmguished from each other by the polarities of their respective delimiters. 

17. The decoder arrangement of claim 13 wherein the blanking circuit 

prevents the detection of the second delimiter for a time period of between one 

and five microseconds. 

18. The decoder arrangement of claim 17 wherein the blanking circuit 

prevents the detection of the second delimiter for a period of approximately 2.1 

microseconds. 

19. The dec.Q_der arrangement of claim 13 wherein the blanking circuit 

includes a differentiator to detect a peak of a pulse of a signal propagated on the 

carrier medium. 



20. The decoder arrangement of claim 13 wherem the blanking circuit 

includes a timer to measure a predetermined blanking mterval subsequent to the 

detection of the first delimiter, and a disarming circuit to disarm the receiver 

until expiration of the predetermined blanking interval. 

21. The decoder arrangement of claim 13 wherein the receiver is configured to 

detect the first and second delimiters as respective pulses propagated over Plain 

Old Telephone Service (POTS) wiring. 

22. The decoder arrangement of claim 21 wherein the POTS wiring comprises 

unshielded, twisted-pair (UTP) telephone cable. 

23. The decoder arrangement of claim 22 wherein the UTP telephone cable 

comprises either Category 1 or Category 2 cable. 

24. A decoder arrangement for identifying a symbol associated with 

predetermined data and defined by a time duration between first and second 

delimiters, the decoder arrangement comprising: 

a receiver coupled to detect delimiters propagated on a carrier medium; 

a blanking circuit to measure a predetermined blanking interval 

subsequent to detection of a first delimiter of a symbol, and to prevent 

detectio_i:i. of a second delimiter of the symbol for a duration of the 

predetermined blanking interval, so as to prevent detection of reflections, 
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resulting from propagation of the first delimiter over the carrier medium, 

as the second deliffilter; and 

a decoding circuit to identify predetermined data associated with the 

symbol as defined by the time duration between respective detections of 

the first and second delimiters bv the receiver. 

25. The decoder arrangement of claim 24 wherein the blanking circuit 

includes a disabling circuit to increase sensitivity of the receiver, relative to a 

predetermined level of sensitivity, over the duration of the predetermined 

blanking interval. 

26. The decoder arrangement of claim 24 wherein the disabling circuit 

increases the sensitivity of the receiver from a first level of sensitivity to a second 

level of sensitivity during the predetermined blanking interval, both the first and 

second levels of sensitivity being less than the predetermined level of sensitivity. 

27. The decode arrangement of 24 wherein the blanking circuit includes a 

timer to measure the predetermined blanking interval subsequent to the 

detection of the first delimiter of the symbol 

28. The decoder arrangement of claim 24 wherein the blanking circuit 

prevents detection of the second delimiter for a time period of between one and 

five microseconds. 
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29. The decoder arrangement of claim 28 wherem the blanking circuit 

prevents detection of the second delimiter for a period of approximately :?..1 

microseconds. 

30. The decoder arrangement of claim 24 wherein the blankmg circuit 

includes a differentiator to detect a peak of a pulse of a signal propagated on the 

earner medium. 

31. The decoder arrangement of claim 24 wherein the receiver is coupled to 

detect the first and second delimiters as respective pulses propagated over Plain 

Old Telephone Service (POTS) wiring. 

32. The decoder arrangement of claim 31 wherein the POTS wiring comprises 

unshielded, twisted-pair (UTP) telephone cable. 

33. The decoder arrangement of claim 32 wherein the UTP tele 

phone cable comprises either Category 1 or Category 2 cable. 

34. The decoder arrangement of claim 24 comprising a network interface card. 

35. The decoder arrangement of 24 comprising an adapter for use with a 

communications controller of a computer system, the decoder arrangement 

including an interface for coupling the decoder arrangement to the 

communications controller of the computer system. 
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36. A decoder arrangement for identifying a symbol associated with 

predetermmed data and defined by a time duration between first and second 

delimiters, the decoder arrangement comprising: 

receiver means for detecting delimiters propagated on a earner medium; 

blanking means for measuring a predetermined blanking interval 

subsequent to detection of a first delimiter of a symbol, and for preventing 

detection of a second delimiter of the symbol for a duration of the 

predetermmed blanking interval, so as to prevent detection of reflections, 

resulting from propagation of the first delimiter over the carrier medium, 

as the second delimiter; and 

decoding means for identifying predetermined data associated with the 

symbol as defined by the time duration between respective detections of 

the first and second delimiters by the receiver. 

37. A network device comprising: 

a processor to process data; 

a receiver to detect delimiters propagated on a carrier medium; 

a blanking circuit to measure a predetermined blanking interval 

subseql!_~nt to detection of a first delimiter of a symbol, and for preventing 

detection of a second delimiter of the symbol for a duration of the 

predetermined blanking interval, so as to prevent detection of reflections, 

27 



resulting from propagation of the first delimiter over the earner medium, 

as the second delimiter; and 

a decoder to identify predetermined data associated with the symbol as 

defined by the time duration between respective detections of the first and 

second delimiters by the receiver. 

38. The network device of claim 37 comprising a computer system. 
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