1 7 NOV 2004 METHOD AND APPARATUS FOR ENCODI NG AND DECODI NG A BI T SEQUENCE
FOR TRANSM SSI ON OVER POTS W RI NG FI ELD OF THE | NVENTI ON The preg ?@ﬂVZBL

i nvention relates generally to the field of encoding and decodi ng

data for transm ssion over a nedium More specifically, the present

I nvention relates to the decodi ng and encaodi ng.of a bit sequence for

transmi ssion over Plain A d Tel ephone Service (POTS) wiring. BACKGROUND
Local Area Network (LAN) standards and products have not significantly
penetrated the home conputing nmarket for a nunber of reasons, including the
| ack of perceived need and the required installation of special cabling,
which is difficult mﬁthin a residential househol d. As multiple personal

conmputers (PCs) are be W 'ﬂ%ﬁousehol ds, the

noti on of irrplenenting E‘Qﬁﬁ ‘ﬁg_,. ﬁ% ment is gaining in

popul arity. Specificall y, gmg oVE l%lor mati on between nultiple
uc

PCs, and to share resources s @nd nodens, is becom ng
increasingly attractive to hone corrputer users In parti cul ar, the ability

t o achi eve shaggl.p OFIrESPRENTIONer net access by a nunber of corrput ers
wi thin a household is becomng inportant as nultiple users within a

resi dence may W s nom' cal
nmet hod of creati ngh_gﬁﬁ_&% Bﬁ{&%ﬂﬁﬁa&ﬁfggg%%ﬁp?ﬁylLﬁ{@%@@%ﬁﬁﬁﬁﬁgpm@?%cg@% usi ng the
exi sting t el epHigitel datarfprrpngrissipmovene mediymg Mosespeptialy the PREP as  t he nedi um
over which thendvé%dﬁelmepmmm aad @hcoding oNgbit segucshaé for trasamMsiones

unshi el ded, tw's e cabl e and may conprise either
Category 1 1 7°V?ﬂ%ffl'§%’2'r'§ﬁ%?%?d§ ?ﬁpygegﬁgggand val l eys in frequency
response within a band of interest.

BACKGROUND

Local Area Network (LAN) standards and products have not significantly
penetrated the home computing market for a number of reasons, including the lack
of perceived need and the required installation of special cabling, which is difficult
within a residential household. As multiple personal computers (PCs) are becoming
increasingly common within households, the notion of implementing a LAN within
a residential environment is gaining in popularity. Specifically, the ability to share
information between multiple PCs, and to share resources such as printers and
modems, is becoming increasingly attractive to home computer users. In particular,
the ability to achieve shared, high-speed Internet access by a number of computers
within a household is becoming important as muitiple users within a residence may
wish simultaneously to access the Internet.

One economical method of creating a LAN within a residential household
proposes using the existing telephone wiring within the residence (POTS wiring) as
the medium over which the LAN is implemented. Such wiring typically comprises
unshielded, twisted-pair (UTP) telephone cable and may comprise either Category 1
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The power splitting effect of star configurations, which are commonly
inplemented in residential wiring, attenuate the |evels of signal|fga upes
whose duration is short conpared to the propagation delay of the wire
branches. A LAN i npl enented over residential tel ephone wiring nust also
coexist wth the POTS service, and nust be FCC part 68 conpliant, which
dictates the use of signals with no frequency conponents bel ow 270 kHz and
transport levels below 178 nV. SUMVARY OF THE | NVENTI ON According to a
first aspect of invention, there is provided a nmethod of encoding a bit
sequence as a synbol for transm ssion over a carrier medium The synbol has
a time duration indicative of the bit sequence, the tinme duration of the
synbol bei ng despedictable peaks aind wlleysrinl frequentytresponsewithisyasband binteesshiod conmences

with the recepirhoPowdr shiteinPiftecEEIHAL Bbighitarichs, VHIGLEE Eomnibifty Riidridntad Sy ol ,
having a duration,indfcative of ttg$ bit s&%glence, Is 1dentified. This
synmbol i ncl uded Ee yinngAfenpaterthe lepels ofisignal feapyies Whpse doraugpiphortyortion i s

of sufficient tomparelimoakd propagaionalelagof the isire biancies., generated by the first
delimter on the capni &¢; gilgm ade i vel before
propagati on of the éelé‘%ggn@e |mdt&g?r.rgﬁ%igﬁgaepgﬁ%%ﬁ%ﬁt%ﬂsﬁg&ﬂsgst and

second del i ni t &t the-BOTE sarvies, ard myss be FEGpart 68 compliantewhich digtates thejusaist one bi t

of the bit sequeagsliwith AefreERSRImPbiehisDe 270 RHR A Ekdnkpordbvelhe  second
delimter. Accg;cldl qﬁ tova second aspect of the invention, there is provided
a nethod of dBHBYiME™Y'synbol having a time duration indicative of a bit
sequence, the SUMMARY QF THE INVENGI@Nni ned by first and second delimters.

The decodi ng: et hod AR QIRPRAAIUSRE dfifichidrsiheddl hiibera ansiitect ed.

whereafter a tiner.is_initiated ction .of the seconde&iglnip ter is
revent

bl ocked for a FRAOHIDEADSHBENGS A £ Symbel foritgpsmypsion QYer &CaHsHm
det ecti on of r efrhisd hasime dgatichiindicativeoohithd it spquepeeg die time dofatiohef thé i r st

delimter over . he pa ' ﬁeﬁi PBrst Lk &@ | FletnSthddSomiRcedet €ct ed
after expirat F%n (% [1%!61&%1-&1 erl?yporttlosr?ts'o Qlt@ es 'n.gﬂgl. I'n one enbodi nent, at
| east one bit Withthe 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 symbo! 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 initiated.
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.

The invention extends to an encoder and a decoder which implement the
above methodologies.
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of the bit sequence may be decoded utilizing the polarity of the seconvd
deliniter. The invention extends to an encoder and a decoder whicH } NE) Ment
the above nethodol ogies. 2 17 Nov 204 OQther features of the present
invention will be apparent fromthe acconpanying drawi ngs and fromthe
detail ed description which follows. BRI EF DESCRI PTI ON OF THE DRAW NGS The

present invention is illustrated by way of exanple and not limtation in
the figures of the acconpanying drawi ngs, in which |like references indicate
simlar elenents and in which: Figures 1la and I b illustrate Local Area

Net wor ks (LANs) inplenmented wusing arbitrary topology TOPS wiring. Figure 2
Is a diagrammati c representation of a network station according to one
enbodi ment of the prQtherf¢atiresvef itttei present fivgntion will bs appathefinateat i C

mvent on. i noleepe R B BAE Rl e E) (BB RRRA iy 7P " F gur e 4

Is a diagrammatic representation of a | O baseT-to-POIS adapter, according
to one enbodi MTeBRIEE DESERIPEIINOF TME'DRAWINGuUre 5 illustrates a sequence
of synbols, each encoding a bit sequence and constructed according to the
teachings of the present invention. Figure 6 is a coding tree illustrating a
met hod, accordi ng t @hepesentrinoetition ixtillusabted heway efeamhple mdatot limhationfin codi ng a

bit sequence. Fj 7l aﬂdﬁinﬁﬁﬁ f.or m e . S wiring by
the applicati odrllggétﬁ%s Oggﬁése_ t er@ﬁ%&%&grlﬁe){svmggﬂ%n%ﬁ%ﬁgﬁsg&égg §rgﬂréa{t i C
i | lustration ofeluapenis,agdin which:enbodi nent of the nodem shown in Figure 3.

Figures 1a and 1b illustrate Local Area Networks (L.ANSs) implemented
using arbitrary topology TOPS wiring.

Figure 2 is a diagrammatic representation of a network station according to
one embodiment of the present invention.

Figure 3 is a diagramnmatic representation of a modem, according to one
embodiment of the present invention, included within the network station shown in
Figure 2.

Figure 4 is a diagrammatic representation of a 10baseT-to-POTS adapter,
according to one embodiment of the present invention.

Figure 5 illustrates a sequence of symbols, each encoding a bit sequence and
constructed according to the teachings of the present invention.

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 is 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.

DETAILED DESCRIPTION
A method and apparatus for encoding, and decoding, a bit sequence for
transmission of POTS wiring are described. In the following description, for the
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Figures 9a and 9b are schematic illustrations of an encoder and a ?:ZCWeT
I ncl uded within the nodem shown in Figures 8a and 8b. DETAI LED DESCRI I% A
nmet hod and apparatus for encodi ng, and decodi ng, a bit sequence for

transm ssion of POTS wiring are described. In the foll ow ng description, for
the 3 1 7 NOV 2004 purposes of explanation, nunerous specific details are

set forth in order to provide a thorough understandi ng of the present

invention. It will be evident, however, to one skilled in the art that the
present invention nay be practiced without these specific details.
Apparatus - Overview Figures la and Ib each illustrate a respective Local

Area Network (LAN) 10 and 12 which nmay be i njE)I emented utilizing arbitrary
t opol ogy POTS wpurpesgs aiexplasasion. nusergppspecific defailsare ¢t forth in erderda pravide abui | di ng

16. The Wi ring déroughEndetantiing B the pfeSétit invbntibANRSA! bOEvidAL, howdver, th hr ough
cted to a central. office %ﬁ n@rrer us phone j acks
Bt EERNTaY

which the wiring 14 conn

20 | ocated thro%ljﬁ l“rfg“ﬂ'ﬁ i fhe presept inveation may, be p (al so terned
"stations" or "specdfiedgtailssuch as conputers 22, noderns 24 or printers 26,
may be coupled to the wiring 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 f@PP ¥ mnate in a jack 20 into
whi ch a LAN devi ce Figinesdphahth éagh illustraton reepictivt LaaldAma Networlo (IANp | y

unt er m nat ed. M ' Ei g & G 4

I nt erconnecti ngﬁf%“\gllkﬁ\lﬁ ‘g‘ﬁ%@?‘h@ﬁ%ﬁ%@@é’ %ﬁ%&gﬁ@gﬁo %&v&dﬂ%ﬂ%f udes a
nunber of unt esush ARt/ER wiging, withia a residratialbuidding Lorpkheiyagng ¥41@“%?%if%ry

t opol ogy, and theentrhiaekne@fiod winti1Bahio0gh Whitthihe wirlg 14Abkned8d @ukeddalr esul t in

L
la serves to atefdmidevicdsdalseiomed "statienisgerainodes”), such as computers 22,

modems 24 or printers 26, may be coupled to the wiring 14 via the jacks 20.
Regular telephones 28 are also shown to be coupled to the wiring 14 via respective
jacks 20. A number of branches of the wiring 14 may furthermore terminate in a
jack 20 into which 2 LAN device or telephone is not connected, and are accordingly
unterminated. As will be appreciated from Figure 1a, the wiring 14
interconnecting the LAN devices has an irregular topology, and includes a number
of unterminated branches. Impedance mismatches, the arbitrary topology, and the
lack of termination within the LANs 10 and 12 result in the reflection of signals and
unpredictable frequency responses within these LANs 10 and 12. Further, the star
configuration illustrated in Figure 1a serves to attenuate the levels of signal
features whose duration is short compared to the propagation delay of the wire
branches.

Turning now to Figure 2, there is illustrated a network station 30 coupled
to a LAN via uncharacterized, arbitrary topology wiring, such as the POTS wiring
14 illustrated in Figures 1a and b. The network station 30 allows a number of
well-known protocol and LAN features to be implemented within the LANs 10 and
12. For example, the LAN 12 may use Ethernet, BISYNC or HDLC framing, and
implement Collision Detecting, Collision Avoiding, TDMA, Polled or Token

Passing access methods.




features whose duration is short conpared to the propagation del aﬁmthe
t

wire branches. Turning nowto Figure 2, there is illustrated a n 2004
station 30 coupled to a LAN via unchar act er i zed, arbitrary topol ogy wring,
such as the POTS wiring 14 illustrated in Figures la and b. The network

station 30 allows a nunber of well-known protocol and LAN features to be

I npl emented within the LANs 10 and 12. For exanple, the LAN 12 may use

Et hernet, BI SYNC or HDLC fram ng, and inplenent Collision Detecting,

Col I'i sion Avoi ding, TDVA, Polled or Token Passing access nethods. 4 1 7 NOV
1004 An overview of the various conponents of the network station 30 will
now be provided. The station 30 conprises a network device 36 and an
adapter 35. The adakn everdéw bfibe vatims commpoients Gfahe reswork etations3Q willngwpt  a

conmuni cati ons ttiﬁﬂgvyﬁéd %um(méﬁfe ﬂdﬂ?&&?&sﬁw ¢ 75)The

controller) of net wor evi ce uter) tor ni cation
over the ar bi t radaptepdriaclyges |ar?BWfq‘B “ﬁfﬂ?@’ﬂﬁ gg];rovi des

medi um i nt erfacgucrﬁsgﬁadhemmdmmcams cﬁimndbmh«{ﬁtdﬁlﬁﬁ)iewcﬁﬁisﬁchmeaovery and

collision detection f ¢ i sion detection
circuitry and fOTEY gnwé '%m"t IEmcaEX:gB%ﬁac)é:bﬁaEfﬂg‘rMn%lg g‘{adapter 35 are
described in coeminditheny them me@st;rmqgmm\mterfaceemna! vr@ gdingandHOD AND
APPARATUS FOR DE&&@I,% (ENISEE). LSRN ot cORETACRcton fuhngi EkeRpBiogned to the

assignee of this | ca 0 accommd a Lt
encodi ng/ decodi HgP ‘@ fcglﬂﬂmf%e-[efﬂﬂlf?w "'tyﬁg E‘f’?ﬁ‘ﬂf tégﬂ’%cqmgl wegl}l t he
net wor k devi ce @Bhiatie mhaeMSmm@s@cdmmeHmpBEcmlemﬁQﬂ%Ng t he cl ocki ng of

~ data to and ffomgeﬁé%ie @5 b ABPARATUSHOREHE PECTIRGECONDIBRONS ONARY f ur t her
S L]

support Carrier pl e Access/ Col lisio CD) based
Medi a Access CobfEF¥ ed|_ayers—an ANdASEIER D °f‘%“5’\”/?€‘8‘“§§s‘ﬁ%‘g}‘ det ect

and collision i Ma@amnmdatsa garizble bit e envodiegd@a8ding schemé, aad tosoatral thewn
flow the data between the network device 36 and the wiring 14, the modem 32
controls the clocking of data to and from the communications controller 34. The
modem 32 may further support Carrier Sense Multiple Access/Collision Detection
(CSMA/CD) based Media Access Control (MAC) layers and accordingly provide
carrier detect and collision indication signals. The modem 32 is furthermore shown
to be coupled to a microprocessor system 38 of the network device 36 viaa
management interface, which allows the modem 32 to be controlled by software
executing within the microprocessor system 38. The adapter 35 further
incorporates a coupler module 40 by which the network station 30 is coupled to the
jack 20 and POTS wiring 14. The coupler moduie 40 includes a pair of RJ-11 ports
through which the wall jack 20 and the telephone 28 are coupled to the network
device 36. The coupler module 40 is furthermore connected to the modem 32 viaa
transmit/receive 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 to prevent
interference with POTS operations. Further details of the coupler module 40 are not
pertinent to an understanding of the present invention.

Referring now to the network device 36, the communications controller 34
is typically responsible for Link-Layer protocol functions, such as framing, error
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to be coupled to a mcroprocessor system 38 of the network device 36 via a
managenent interface, which allows the nodem 32 to be controlled fz N%Qfmﬂ\g\/are
executing within the m croprocessor system 38. The adapter 35 further

i ncorporates a coupl er nodule 40 by which the network station 30 is coupled
to the jack 20 and POTS wiring 14. The coupler nodul e 40 includes a pair of
RJ- 11 ports through which the wall jack 20 and the tel ephone 28 are coupl ed
to the network device 36. The coupler nodule 40 is furthernore connected to
the nodem 32 via a transmt/receive connection 42. Afilter (not shown) is
I ncorporated within the coupler nodule 40, and acts as a bandpass with a

| ower cutoff frequency of around 400 kHz and upper cutoff frequency around
4 Nhz. The fil tdeteciion, Addrese mpbgnitianaind imediaiacdessy [4 dnetembodiencetythe comttodled er ence

wi th POTS oper a4 iQQFEthEﬂ'l&g.m scﬁ?ltct%hééalcﬁfan& RS QRURIRE ¢ hént 40 ﬁiéf— not

pertinent to an understandi ng o present invention. Referring nowto the

networ k devi ce Lzgel RaweLiak frutil CEPLGhsstialsaptreller. cThe guicropracessas sysam

rNeO\S/pggg i blde f-oris tehpsdnsigmfarth@emmloﬁm' wiiich coatiols thie Sotrollei mdmsertr)ﬂr) 3 17
4 detectio [ It | [ D enbodi nment

the controller m@ﬁ%mi 359,2 g?ﬁéﬁﬁ%&nec %%\ﬁ@%ﬁ%@o@%ﬁ?z@?o g?\%ouﬁfr%ﬁéon

al ternative enithakontratier34 via aidaigihus 44 aud thpgengroller3 isimitarly cougledrodheser i al

control |l er. Thenddesy 3pr ocessor system 38 is responsible for the execution
m cropr ocessor Syst QM SRESY kY APRG SR A e doUBTIIRR cd to tho
control |l er 34 \communitaticns borsroiter, 3dasugh ahan Etharnat odritwolleraw besoupleditbar |y coupl ed
to the modem 32y el Ring POTSWiRngld, aPsefvel I ctBide i ViafiGhidy | nc! uding
a conmmuni catiaons controller, 34, such an hernet caontroller, to be
coupled to a L@ “‘ﬁﬁ?@ﬁﬂﬁﬁ"@ﬁe d& ey el W"rqE%‘iﬂ"ai&‘f“aalﬁg‘”?é?R%%‘“’Po encode
data transm tt eder the wiringhd. Setiladykhelsiapee3Bdecodes sighdkereteiNddividthe a f or nmat
suitable for pr%@frﬁg "4 into a format suitable for reception by the controtler 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). Altematively, the

adapter 35 may comprise a stand alone unit which is coupled between a serial port

of the network device 36 and the wali jack 20.

Figure 3 is a block diagram providing a more detailed view of the

components of the modem 32. Specificatly, the modem 32 comprises an

encoder/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 the control of an

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

for the ENDEC 46 and for the modern 32 as a whole.

The modem 32 further includes receiver/transmitter circuitry 50, which is
responsible for the reception and transmission of symbols encoding bit sequences.
In one embodiment of the invention, such symbbls are delimited by electrical
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over the wiring 14. Simlarly, the adapter 35 decodes signals recei v§d yiﬂ%
the POTS wiring 14 into a format suitable for reception by the cont f &0V &
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

I ncorporated within the network device as, for exanple, pan of a Network
Interface Card (NIC). 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 diagram providing a nore detailed
view of the conponents of the nodem 32. Specifically, the nodem 32

conpri ses an encoder/decoder (ENDEC) 46 which is responsible for encoding
a bit sequence palsesin whinlycdse i ransmitter S04 megives syl and podarity informmativnum such as

the POTS wiri ngygdmiz%hm A RhircldcR HrdehMBEENDET 465 1h SRPbidithee, iy _decoding a
synmbol receive oth%he . Wrin 4 to%%a bit s%ﬂ%}gn e. . The encodi ng
and decodi ng op¥maelipfeanatin racgiveform they resegts e varighle-gyration heq
further detail (bednowding)ipertiohNoEdn elebfrichlvoipesivwymbal tytel prepaghead froh tkensmi t and
recei ve cl ocks . ' ' gﬁq r . eration
of the ENDEC A %%’é{%‘n%’g'm#é&g‘té‘ﬁ@?g?“ tg%?hge?adggaging gdaﬁgﬁ%rngrhhn he access
Vquencer 48 selteYasiableurgtiomportignde sefieraihreomposis symbel. Thetransmitier 306 and f or
the nmodem 2(2) agheh gehéthees syhivel Mﬂ%ﬂﬁs?ﬁﬂéhﬂéft}dﬁﬂmcﬂfé@njédﬂﬁaﬁbﬁﬁ&imﬁﬁétansm t]'E er
circuitry : ich is. respon e for ept i.on ransmi Ssi on o
synbol s encodi \r,%@e (Eﬂrqpogléeqsagﬁglggﬁhe *oﬁntgﬁgu’%cnﬁ)gggﬁ’eﬁéch@fm? ﬁ(g?bﬁeﬁ\%%lﬁﬁ’%%, such
symbol s are delfirstiandsechyd peréens of approxgnagly kil dogivupnd sppositd pelasiy.end case a
transmtter 508§ 2RV RiTke UKROThPtfarRPbedath YuldeMo@1EaS depidminedBpchr oni zed to a
mast er cl ock, f.%fom t he EJ\I%&: 43@5%‘#?}8(9? e odg1 rrlgnt hte SY. | information
recei ved from t'HEMARPEEYE e PreAy D RffeogbIF OMBRSS P encodi ng)
portion of an ekedpoitioad ofcqwa) destion angwppgdsite polasisy, po Bpmgfivenent (DSin t he
transmtter 503omphifent is2ERMdd GthORRing AR VAES the phite@rlbEUE Bhisaiinddor buf fer)
portion to thereon. Compliance with FCC Part 68 requires that the voltage levels of each

pulse doublet be substantially less than would be generated when driving 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 series of

resistors, or step-down windings, in a coupling transformer within the circuitry 30.

In one embodiment, each pulse doublet comprises a single cycle of a2 mHz sine

wave.

The circuitry 50 also includes a receiver 50b, which comprises gain
elements, comparator and digital control circuitry. The receiver 50b produces an
output pulse, shown at 51 in Figure 7, coincident with the first peak (i.. the
inflection point) of a complex waveform received by the wall jack 20 off the wiring
14. Figure 7 provides an illustrative example of a waveform 52 that may be
received at the receiver 50b off the wiring 14. The waveform 52 may be highly
attenuated and distorted as a result of being propagated through a residential POTS
wiring 14. As shown at point 54, reflections can result in a peak amplitude
occurring sometime after arrival of the incident energy. Without line terminations
and with complex topologies, pulse energy can continue for many microseconds,
decaying gradually.



the variabl e-duration portion to generate a conposite synbol. The

trmsmitter 50a then generates synbol delimters, which determ ne tiHeNgy 18,
duration and polarity of the conposite synbol, in the formof pulse

doubl ets. Each pul se doubl et conmprises first and second portions of

approxi mately equal duration and opposite polarity, and has a fixed pul se
wi dth. The polarity of each pul se doublet is determ ned by information
received fromthe ENDEC 46. As each pul se doubl et conprises two equal
portions of equal duration and opposite polarity, no Direct Current (DC)
conponent is generated on the wiring 14 when the pul se doublet is
transmtted thereon. Conpliance with FCC Part 68 requires that the voltage
| evel s of each pul s%s miotibhedtabbre, the ipesisent inveition propeses envadingebitd be gener at ed
when driving t I g-,“ﬂp) it S A Tdfas kogi ¢ (TTL)

| evel s. A redugst %ﬁ%aﬁmw%{zt_a lﬁfg‘(\l/ne ofcﬁﬁé%glrl\_;q{ ul éﬁfrrg{eﬂge acconpl i shed
by i ncorporati wsql&nw&glns#etewgq%&f#g,ﬂn@wgﬂéﬁsh &}I 'OHH?%B‘?,““‘F‘}CS a

coupl:i ng t r ansfaFitehventivd) thesd detimiterss compisy ekQrical pulses wansmittaidromeat , each pul se
doubl et compr i e, dat a8l Sy B Fadho Aftcestiilly AbOG. 2 4! at HiGocelvel Sl 1Y SO

al so includes a al"%_el ver conprises galn enents, conparator and
di gi tal cont r olthepnigingl pylges srpesatedfeam ¢ gpnsyitier f0ayaNRE BaasARCUrAEIY put pul se, shown

at 51 in Figur ercﬁgrod&@&i BEpadEible. Tb tHis érldptht rdceiver36B ks réquired totdemct thefifsect i on
e

point) of a conplex.wavetormreceiv b h Ll J .Of. i ring
14. Figure 7 prl%ﬁlf Bany A °P{T‘]ﬁ§vt°$’5[f'1 %ghfei%tﬁ%ﬁgl\@%’fa@h%@% %rlﬁél@w Ea% may be
recei ved at thenestbedaeamingio stdraimibe Wine dergtionpf a yymebokadesostinglpthamy be
hi g_hldy t at It egt&%&%@ﬂg\: ﬂb&g@mea@o &ﬁe&ﬂfe?ﬁdﬂh{cid@ﬁt ﬂd,_m]yfag mltapeactsadoft hr Ouglht a
residentia LWL rin : shown at poi. r o n resu in
a peak anpl i tudge ‘“ﬁ'éﬁﬂl”&ivfl‘lfﬁr%gi@l“?%g'bq’?%&mg&h l?}éf ar%‘ﬁ“'f%g“ils%m ERte ener gy.
W thout |ine teoom aikirisghsn isnidéntpeak Bwthot desails ;mgeddingithesfunqsignisg obther gy can
continue for MRy GleQiiRtdw, decaying gradually. 7 1 7 NOV 2004
Turning again to Figure 3, the modem 32 also includes system interfaces

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

interface 62. The GPSI 60 allows the modem 32 to control the clocking of data into

and out of the communications controller 34. Table | below provides the details of

the GPSI 60 signal lines:

Te

TE.NA 7 o m | ransmil En. o
Qualifies TX as
containing packet data

TX To Modem Transmit data to encoder




As mentioned above, the present invention proposes encoding a bit sequence
as a synbol, the synbol having a tinme duration indicative of the bilt7 §0V 200¢
sequence and being determ ned by first and second delimters. In one

enbodi ment of the invention, these delimters conprise electrical pulses
transmtted froma transmtter 50a. Thus, in order to successfully receive
a synbol at the receiver 50b, the original pulses generated froma
transmtter 50a nmust be as accurately reproduced as possible. To this end,
the receiver 50b is required to detect the first peak of any incident
waveform as the precise time of arrival of these incident peaks nust be
determned to ascertain the tine duration of a synbol. Accordingly, the
recei ver 50b i s configurladfLKo det ect t}ioni Médsih | NCI dETrinsipiealsck. Buach| as t he
peak 56, of the incident waveform52,|and to ignore ogg;ng;m]*(@%y hi gh
anplitude pul ses occurrijng soon after] such an incid ea Furt her
details regarding the functioning of the receiver af '@EEH 87t bel pw.
Turning again to Figure |3, the nodem 3P al so i ncl udepstopged whilmAkqasser {aces i n
the formof a General Pyrpose Serial Ihterface (GPSI mﬁee,@ad,e@w)mg hgenment
interface 62. The GPSI g0 all ows the dem 32 to confraol .t & ock ng of
data into and out of tHe communicatiohs controller B4 aP bl'e ow
provides the details of | the GPSI 60 sjgnal |ines: THgnte! of trpEpjn To Modem
Transmit Enable. Qualiflies TX as containi ng packet | dateduingTX To Modem
Transnmit data to encoder|] 8 1 7 N OV 2p04 a

transmission.

RENA From Modem Receive Enable.
Qualifies RX as
containing packet data,
RX From Modem Receive data from
decoder.

RCLK From Modem Receive Clock. Runs

continuously when the

wire is idle, is stopped
during reception of an
Access ID {detailed
below), runs at variable
rate under control of the
decoder during packet
reception.

CLSN From Modem Collision Sense.

Indicates either a

transmit or receive mode

collision.

The management interface 62 is a simple 4-wire senal interface for setting
and reading management configuration information. A microprocessor within the
communications 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
communications controller 34 is an ethernet controller, and the management
parameters for the modem 32 are stored in a serial EEPROM, and loaded

9



The managenent interface 62 is a sinple 4- wine serial interface r se%tin%
and readi ng managenent configuration information. A m croprocessor wh £ H0# 7004
the comunications controller 34 uses this interface to establish the speed
of operation, and to set the access sequencer's 48 node of operation. In
one enbodi nent the communications controller 34 is an ethernet controller,
and t he managenent paraneters for the nodem 32 are stored in a seria
EEPROM and | oaded 9 TCLKFrom Modemlransmt C ock. Runs continuously when
TXENA deassated. stopped while Access ED, (detail ed below runs at variable
rate under control of transmt encoder during transm ssion. RENAFrom
ModenRecei ve Enable. Qualifies RX as containing packet data. RXFrom
NbderRecei ve dat AupateiEevsaeame leretolisr HivesReiuialzed Trble 2 bt

conti nuously whedethiahs\eleRarit Sighdl pls ahdsmadagfifeatlcddfpiritipnida@aept i on of an Access
| D (detailed below), runs at variable rate under control of the

readout of modem
configuration
parameters.

MDI To Modem Serial data stream
settings of modem
configuration
parameters.

MCLK To Modem Serial data clock. Data
is shifted infout on the

rising edge of this

signal,
MCS To Modem Chip select. Qualiftes
and frames activity on

the scrial data channcl.
First data bit is
received/transmitted
following assertion of
this signal.
Configuration data is
loaded into internal
registers upon transition
to deasserted state

The receiver 50b further includes an Analog Front End (AFE) 50c and a
Phase-lock loop (PLL) circuit 50d. The AFE 50c shapes transmit pulses, and finds

10



decoder during packet reception. CLSNFrom ModentCol |ision Sense. |ndicates
either a transmt or receive node collision. 1 7 NOV 2004 autonati dal N8¥ 2004
every tinme the controller 34 is reset or initialized. Table 2 below details
the rel evant signal pins and managenent configuration data: resLR2 . _ea W
&W MDO From Modenteri al data stream readout of npdem configuration
paraneters. MDI To ModentSerial data stream settings of nodem configuration
paraneters. MCLKTo ModenfSerial data clock. Data is shifted in/out on the
ri sing edge of this signal. MCSTo ModenChip select. Qualifies and franes
activity on the social data catanrscl.

and indicates to the receiver 50b the time (temporal) location of the incident peak of

a received waveform (pulse).

Figure 4 illustrates the modem 32 included within an adapter 64, which

allows a computer 22 including a 10BaseT Ethernet communications controller to

communicate over a LAN implemented using POTS wiring 14. The adapter 64

includes a filter/coupler module 66, a 10BaseT Media Access Unit (MAU), an

ENDEC 68, an Ethernet MAC Controller 70, a buffer manager 72, and a Static

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

bridge, and receives packets from either interface, buffers such packets temporarily,

and transmits them to the opposite interface as soon as possible. Specifically, the

buffer manager 72 uses the SRAM 74 to emulate two large FIFO memories

buffering packets being transferred between 10BaseT and the POTS wiring 14. In

one embodiment, the adapter 64 does not have a MAC LAN address. The adapter

64 further includes a RJ-45 connector 76 for 10BaseT 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 84 also includes an array of diagnostic Light

Emitting Diodes (LEDs) 82.

Encoding

As a result of the arbitrary topology and the unterminated nature of the
POTS wiring, the present invention proposes encoding predetermined bit 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 previous pulse.
Specifically, once the reflections resulting from a particular pulse drop below a
receiver's sensitivity threshold, another pulse can be sent without risking inter-
symbol interference. Reference made to Figure 7 which shows the waveform 52
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First data bit is receive/transmtted foll ow ng assertion of this signal.
Configuration data is |oaded into internal registers upon transitiq @ 2004
deasserted state The receiver 50b further includes an Anal og Front gnh (AFE)
50c and a Phase-lock loop (PLL) circuit 50d. The AFE 50c shapes transmt
pul ses, and finds 10 1 7 NOV 2004 and indicates to the receiver 50b the
time (tenporal) location of the incident peak of a received waveform
(pulse). Figure 4 illustrates the nodem 32 included within an adapter 64,
which allows a conmputer 22 including a | OBaseT Ethernet conmunications
controller to comunicate over a LAN i nplenented using POTS wring 14. The
adapter 64 includes a filter/coupler nodule 66, a | OBaseT Media Access Uni t
(MAU), an ENDECresivediat ameqeinen b inpespausetorths ransmizgion of asifuseidalpulsafrem 72, and

a St ?t :tC Randoghﬁgmﬁeﬂmnumﬁmm in Ofte cﬂﬂ?uﬂdﬁ@hﬁé rés‘knﬁﬁﬁéhuaﬁ a Ut

non-filtering bridge e ackets fro ter uffers
such packets t enPEFRFISSHR tﬁ@"’fs}(‘g@ ?%’ﬁé?ﬂnflg}“ﬁ °58f) OPé’F?ﬁfsérface as
soon as possi bl em&ﬁﬁcﬁlcal ly, the buffer manager 72 uses the SRAM 74 to

emul ate two | arge FIFg, bet ween
0 BaseT and the POTS Wi Hﬁé'ﬂfrb&ss oflemé £p%emeamaat:is%memmm&sﬁeelﬁnﬂﬁe el

r|n I rent e adapter, .64 does not
have a MAC LAN ab‘HWB@% qﬁﬁ?ﬁ?ﬁ?“ﬁﬁ“‘fmﬁg}'ls‘?&ﬁ@m é“%tr #hi% 5 nect or
76 for | O BaseT acnd;asime wmitcrhitvanilyR@rmiet a'Hﬁ?nn@fmedscﬁ&pnﬁng@éhﬂ sel ector 80
al lows a user topganfd ggwse the transm ssion speed of the adapter 64. The

adapter 84 also inclu n arra di ostjc Ligh
P Referr%g now spgcltg cally téig iréure é,% serlie% 0% sequential symbols 90a-

90c are shown to be separated and distinguished by a series of pulses 92a-92c
transmitted from a receiver 50b over the wiring 14. Each symbol 90 has a
predetermined duration indicative of a respective bit sequence. A minimum time

must separate each of the pulses 92 from a preceding pulse, so as to allow
reflections resulting from the puise 92 to decay below a receiver's threshold. This
minimum time is included within each symbol 90, as a fixed-duration (or buffer)
symbol portion, and may be conveniently referred to as an Inter-Symbol Bianking
Interval (ISBI) 94. The duration of the ISBI 94 is determined by a number of
factors, such as the complexity of the POTS wiring topology, the impedance of
terminators (e.g.. telephones) on the ends of each wiring branch, and random noise
on the line which may add to the amplitude of decaying reflections. In one
exemplary embodiment, the ISBI 94 has a duration of between | 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
symbol 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.

An exemplary method of encoding a bit stream as a sequence of symbols 90
will now be described with reference to Figure 6. Specifically Figure 6 shows a

coding tree 100 illustrating a method a coding a bit stream. The encoding is
12




Emtting D odes (LEDs) 82. Encoding As a result of the arbitrary t ﬁ)é\pm(
and the unterm nated nature of the POTS wiring, the present invent i@ﬁ ¢
proposes encodi ng predeterm ned bit sequences as respective synbols for
transm ssion. In one enbodi nent, each synbol is distinguished by having a
specific time duration, this time duration being determned by the tine

I nterval between the receipt of first and second delimters, in the form of
el ectrical 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 transmtted pulse is attenuated and scattered as
It bounces around the wri E-% 14. After enaqugh tinme has el apsed, the pul se

will die out andperfospediythe ENDEC 46ewhichjincludesa shiftregisier ieeriving Bl #9F@® 1 om t he
previ ous pul se. 1#@fkéh tliewammonicatiohe coltmllecTq| vithe GRSI 60 Fok therpyrhosesrof a

particul ar pul se_drop.be . I ' ' S AR Ny L@not her
pul se can be senfo\}mﬁg 'r‘%‘uhf %\gP%&‘}“ﬁg’???R\ég{ﬁP %gé%%ﬂrc 1%@%?’%&%‘%@2@ iﬁ‘ebfugr ence made
to Figure 7 whi cétresmol, vilidegaplainet: rfhs zncoding methodbrgingry atep dewifban at a
receiver 50b in gasicR of e héxEbit ioeentsdsd Q8. bif AR Atis@p 306 sladterpriihation isr om a

Fecer ver o sens PG 10 MPRES sy SR, KPS REh iz HilB fedniith el 0 ' 07
a first peak 56polayy of npulgpuwijduwill comprise aglelimueriof p symbobpepresenting bgbfyeni ent
Lo speciiy 2 {1 B Y8k fou Uieshl b, CE) Bbaiownatnk bt of gnagiookon o pul ses
defi ned ag conpr fséff'f?ﬁlsgﬁlgga‘ ‘?Tfit@’r %?’é‘g%’&u]g% f"cﬁé?slatf’% 6’?‘?8 %%%/v&g %g‘é'le FS(:%?I Iyst 0
Figure 5, a seri ewiabk duetjoespmabel pastiorb®).s 90a- 90c are shown to be separated
and di stingui shed by Ru&Rlives, ibh istélehfited R2Rp Wtharlbit A Aizbiople ictiod 2
receiver 50b OVELmEQeﬁs ¥g sEéquS,l\ﬁiemEf Scrt]crrsr%rgu?gnl is ?ngdehaas% Phether bit B is a one or
azero. 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 method proceeds to step 110,
where a determination is made as to whether bit C is a one or a zero. IfbitCisa
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
to encode the bit pattern. If bits A, B and C are all zeros, then bit D selects the
polarity and a Symbol O is selected to represent the bit pattern.
Accordingly, it will be appreciated that Symbo! O encodes & 4-bit sequence
000D, Symbols 1-8 encode a 5-bit sequence IBCDE, 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 either 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-duration
symbol portions of Symbols 1-8. This allows optimal average and minimum bit
rates to be achieved. The encoding of a bit utilizing the polarity of a pulse which
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predeterm ned duration indicative of a respective bit sequence. A nj RiNgyTR)L
time nust separate each of the pulses 92 froma preceding pulse, so as to
allow reflections resulting fromthe pulse 92 to decay bel ow a receiver's
threshold. This mninmumtinme is included within each synbol 90, as a
fixed-duration (or buffer) synbol portion, and may be conveniently referred
to as an Inter-Synbol Blanking Interval (1SBlI) 94. The duration of the |SB
94 is determ ned by a nunber of factors, such as the conplexity of the POIS
Wi ring topol ogy, the inpedance of termnators (e.g., telephones) on the
ends of each wiring branch, and random noise on the |ine which may add to

the anplitude of decaying reflections. In one exenplary enbodi nent, the
| SBI 94 has a dur¥i®h m%fwmvwg%!ﬁ&fosonww&%%mwﬁw%%ifica| ly of
2.1 m croseconds eptoding Méhddoligywi t hi n a nodem 32 operating at 60 MHz.) It

wi |l be appreciated t . f . eSS rate,
and it is desirable to é\%ﬂﬁ"ﬁ_’?ﬁi 1ggﬁ‘b'a§j ngg&gﬂ%l?? mz%jé%%@@fzﬁeﬁ%g@f&ynbol 90
i s furthernore sHoRsmeated vHpg Fisld Progsammable Batg vvmays GFRGAS) il engedern464ris 96

i ndicative of a pheweicFiguredd tbeémpregus 8 de sthe nayiiko] 16000 aiteken-186 may be

expressed as an | ghegero /b Bl 015, Mg ahlofe kb ErabifleSpfles o Hidgblie | durati on

of a synbol may thus be eXpressed as “where D I's an "1 nteger. An
exenpl ary met hod @ELEheigeal A20. andp Master Sate(MS [HOB eigupb h22which indieple §90  wi | |
now be descri bed pidstep staR iR Moletn 32 Bhdid znePatedHyQRd dcbaabdqiierdct 048l The shows a

coding tree 100 illustrating. a,method a coding a bit, stre T ncoding is
12 1 7 NOV 2004 "'B‘é‘ﬁ&f’ °ﬁ\}\°{ﬁ§almeea§3aw%feﬂcoﬂ%‘f'wg@@“sﬁ?\f ) egi st er
receiving bit st rigfromibecimmowicaionsonirelier dhvia thesiRS 60.r The antpueofishen t he GPSI
60. For the purpen&sieSfate Richin@ N84 infldde hd PLEWMETighds:0f a specific bit

ncodi ng’ et hod- begt nd” ST-2e P Adgrit SRS wesrtiniherene BrepRTleRe R ¢ 1o
be encoded (i.e. polse am) to apgepta rext syGéobfoduansmissiont i on i s

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
used to 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 {18 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 Figure 8, which adds to this symbol the ISBI portion 94 to thereby
generate the composite symbol. The transmitter 50a waits for a number of TICs
represented by this composite signal between the transmission of delimiter pulses.
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made as to whether bit Ais a one (1). If so, the next bit (i.e. bity @VZUUL
determ nes the polarity of a pulse which will conprise a delimter of

synbol representing bits A- E. The next three bits (i.e. bits CGE) sel ect
one of a first set of eight synbols (Synbols 1-8). Each of the Synbols 1-8
i ncludes the fixed 1SBI 94, as well as the variable duration synbol portion
96. Alternatively, if it is determned at step 106 that bit Ais a zero, the
met hod proceeds to step 108, where a determ nation is nade as to whet her
bit Bis a one or a zero. If bit Bis a one, then bit C determ nes the

pul se polarity and the next three bits (i.e. bits Db E and F) sel ect one of
ei ght synbols in a second gro (Synhol s 16). If both bit A and bit B are
zeros, then the met ho®RsFGeRE eF’B %dc”é‘ﬁmi’fé’“ﬂ%ﬂﬁ'é"r@aé et infiiguras Bard | s nmde
as to whet her bi t9 ill mwebrifig be desaribed. G‘lrsﬂli tRiNT @uls&sx@nalq’ﬂess akseRey,bit D

determ nes the p | | t F and
G select which ?Pé&ﬁéﬁ%ta%oﬁﬁgmﬂw &% T otf—f“srf’? ?i”t%s
selected to encdﬁféuqehé"W%ﬁftWEFOtWOW@PW cmbe@same@rwp@fmmxsmm t hen
bit D selects thef thopuad Nexaﬂﬁsmft&wgmww.aumeéﬁbaﬁtsﬁéxﬁ&hrnem@ﬁ%&tthe bi t
pattern. Accoro e nd 9 L PeuPBl ) LIRS, RIS R A b1
encode a 6- b|t S-‘@@felétﬁ@fethe@‘lmmcawﬁ tigy stifedsto e lof anshesamipeduntil big ofsequence
001 DEFG The eﬁ@uﬁfbaﬁ&nmtn'i&gnihmﬁemqui%@j tf §W‘i’ﬁlﬁ@§atiefhsg{ m@hof
varying sizes, S its

synbol s are assi 5ﬁ’2‘b“gts psm%deg%&jlgag I'S"%[E%%ﬂq?égsﬁ%b‘?owﬁﬁgmtﬁ%aéﬁ causes
nore data bits t@ubberrBcddckheTFELSyTAIHI0snt AT_RGL aiggale aedhenchutpaitedto.  For

exanpl e, symbol s jddfcaddndbyntbol 2eectii@ the\RIakiB ERrefal &Irﬁb‘ﬂﬁu&ﬁl fobR3$t@6 Which are

I dur at than th bl. Synbol
178°5Thi & al | ows CPEPRE G M- AR i M Mav B FedmiBP Sdp oopvestthis oved. The

encodi ng of a bi unfgmnatlpz intgya aunebep of HOs betwedn [allspuhaéed/th enxdodd@Ge dbit7 h O V 2004
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 Figure 8 and to Figure 9B, in response to the
transmission of a sinusotdal 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 amrival 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 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
15



acts as a delimter for the synbol also contributes towards optim Z?tllhﬁﬂ f])[{
the encodi ng nethodology. Figures 8 and 9a illustrate an exenplary il
enbodi ment of the nodem 32 inplenented using Field Progranmabl e Gate Arrays
(FPGAs). The encoder 46A is shown in Figure 9a to conprise an encode state
machi ne 116 and a token-to- synbol conversion circuit 118. The encode state
machi ne receives a TIC clock (TCLK) signal 120, and a Master State (M5
[7:0]) signal 122 which indicates the mnaster state of the nbdem 32 and is
generated by the access sequencer 48. The encode state nachine 116 al so
receives data to be encoded via input (G\N_DATA) 124 fromthe

communi cati ons conf%rol ler 34 via the GPSI 60. The outputs of the encode

state machine 1165305 Whose ouipyt GhanEes RolaghLvRenever thernpu wavefarops sloges o ¢ on
of this signal i rchan"gemeng tThe otpatrofithet differertiatos Bigatediby puh me ambhmplitadecept a

next synbol for ; NGt ﬂﬂﬁﬁ hi s signal
I nforms the GPSI %gémg%&hﬁ&m&m anggﬁ%bgnﬁdm@ %g[& (g%pg%fas si gnal
represents the déWfBYQ'CW‘@thIéBFW@ﬂ@‘b?%d Dusdeg this tiges thecrecaiveg S8 oup of
synbol from whi chs difeméd. all'amwmﬁﬁittﬁyédeﬁbd waveserinelsl att, ignoseticdusiag shetIBBI pol arity

of the next synb I ) : Thi s
si gnal encodeg %t rﬁ@r %Eﬁé\ee lltt)JaF #‘eaébta%’%ﬁo{rmgf}g% B?!y%g@m&?&kts t he
set of eight synbol s ﬁ‘h@#f%ﬂ%ﬂ@&%@WMVCP@OI%M%%#PMWS TSEL [2:0]
signal 134: This p'ﬁdcm&ﬁb SPURIBIE buiifis dudiag i ISBI Cin ddk efempifty ebbdithehthe

polarity bit indi Cﬁlt r%lfs«r&%c ouwuﬁ?iptg‘dl Onlgnuatofhltwocglﬁgarﬁt?rs aﬁgg" select a

symbol from wit hi'h - Sy conver si on

circuit 118 recelfQ{bQVmE'féhW@Etﬂ qegerg]ngg:prgtnmnot Sb%n)ain@ltth@m()f[az 0] signal
134 fromthe staﬁ&oﬁﬁv@:pum Théconipath tcﬂ@ﬁﬁéﬁhﬁiﬁ:tshﬁ\?am;ﬂfﬁﬂ@ﬁhvdf&rb@dtar ansmitted,

db S
e Y s panoiatage: Theboripaids it oppbii pRispLct i drngifcl fpul T SYM

waveform, so that one comparator's output is active when the waveform exceeds
the threshold in a positive direction, and the other comparator’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
incident 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 50b is again
armed when the amplified waveform voltage is below the threshold, and the ISBI
timer has expired. As a new 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 remembers the polarity of the
incident wave form, and disables the output of the other comparator until the
receiver SOb is re-armed. The setting of this latch causes the threshold voltage to be
driven to the peak voltage of the incident wave.

The latch also arms an edge detector circuit (not shown) which is looking
for a transition from the peak detector, indicating the arrival of a first incident peak

56. The output of the edged detector is a one-cycle wide pulse synchronized to the
16




shown in Figure 8, which adds to this synbol the |[1SBI portion 94 t t@ﬁrﬁﬁy
generate the conposite synbol. The transmtter 50a waits for a nunb fl !
TICs represented by this conposite signal between the transm ssion of
delimter pulses. 14 17 NOV 2004 Operation of the enbodi nent of the encoder
46a shown in Figures 8 and 9 will now briefly be described. Firstly, the

NT _pul se signal 126 is asserted, causing a pulse to be transmtted from
the transmtter 50a. The transmitter further includes an interpulse tinmer
(not shown) which begins a tinmed record fromissuance of this pulse. Next,
the shift register within the encoder state nmachine 116 is reset and the

NG SE signal 128 is ass eceiye a, bit t he he
contents of the sH’ ‘%P“ﬁ"ég q?ag?r %c Mf?ﬁﬁé‘?g&ﬂ@q‘é{ ich, 'hB“'%;LﬁWFned
until one of fouﬁhcgatlmaeat@rslatdscwogttogcnanémakasﬂe re@Bex; SDpGlindd khy mofe inpue  of

t hese patterns i Spfigyistil thesﬂggﬂ,gnggqu;cgps and decod| ng |l ogic wthin the
encoder 46a encodp 3". The TSEL2..TSELO

es tr\ghill?tb at.ent {)i 1%
and NT_POL signals ar?®nieiinieseivssi0p isqvaiting q HHl“E’&PE‘%HE‘%‘??PBMB@@F%t and
the polarity. Exttmcnmbutpmmmmdﬁg'm"mbdmcngsm lalowiliea capiuaiocheholitRe thiesttold t he

conver si on ci rcuijoiddf)a tﬁ[@&i et s T oD Bl horchAPRER! 1 O

into a nunber of TI es nee uence.
Specifically, theeRabwpf G'é qbe‘tf'é!}‘\l}”egasﬂw ofdimefrpry e dast pulsei nf or nat i on
synchroni zed to the Tlmedbmdkrﬁbmm&ﬂ%ramlsetohmaog@mm@&mnﬁdpyme doubl et

whi ch conpri ses e%cﬁfpk%oasg@élﬁ&ﬂ}r%ﬁ%géco%ﬁ%lfx%gewes e encao'ag'léggr?ls%{ o %Ellst %lhl s

determ ned by the ransmtter
pul se on the TXP PR recsiyepiand meenstifues a spkenfiiechset/sslogpain from witichs

delimting pul se thswﬁké:ﬁa%bitrmladxceBant&cgéﬂérﬁtadl%e&médﬂy.ttﬁ@de‘émﬂkluw@r mation
sent to the trang% letﬁ-tégﬂcgry'vegg)% cg'gfp%rﬁn?ag&oge &% gxl ﬁm{e Ogaa ogmgrtl gnéhf o

transmtter interzpuls erring
Figure 9B, in redjjgwedB J‘FWE“‘{W@?;P Ohreggives the symbel ainpplul se doubl et

froma transm tt eRD SOEMPICO] 204 troinhies f6l¥er S0b, this symbol being derived from the
measured inter-pulse time. Specifically, the receiver 50b identifies a composite
symbol based on the time duration between succession delimiter puises, 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[!: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 in the
selected set comprises the appropriate symbol.

The token 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 pattern of the decoded bit sequence. The inputs to the decoder state machine
202 include the following:

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

2. ‘RD_POL 208: This signal indicates the polanty bit of the pulse.
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wiring 14, a response waveform 150, such as that shown in Figure 7, jz
received at a receiver 50b. In order to determne the tinme duration é@&é@%
transmtted pulses, the receiver 50b is required to determ ne the precise
time of arrival of incident .peaks, such as the incident peak 56 shown in
Figure 7. In one exenplary enbodinent, the main receiver signal path
consists of an anplifier followed by a differentiator (not shown). The
anplifier may be necessary to conpensate for the lowtransmt |evels
required for conpliance with FCC Part 68, and gain is accordingly fixed at
about 15dB. The output of the anplifier is fed to a 15 1 7 NOV 2004

di fferentiator, whose_output changes polarity whenever the input waveforms
sl ope changes si gn. QH'@“'&BF‘&&F“@%%%“E?’F‘%%@HM“&P8\”‘?‘5’“@@1ed by both tine
and anplitude processi DG_DATAW10S The ddebdedblicequenceiisveeiit tothe. Fol | owi ng the
detection of a p ?E5 ' [ ti he L.SBL interval 94) is started.
During this ti meg eu@g%%h%#nué@%..ﬁ?ghegpgz?éﬁg iU avI\lA(d:t hin the received
wavef orm 150 are i gnot-eBGdSE Ry Thivoytmprells thet@RSE 4D to shifein anpthetrhit. anpl i t udes
are greater than thatwhfle tha@béVeieSémifihdy ¥mBGdiMer: sk teemiealizbh aritbindgl FFCGRAN, | at or

T et oo R AR BB e BB R o,
qual i fy the out puay ehdifyhee ingorpasatedwithin an Applisgsion Sperificiinsgrated fircuit " peak
fol l ow ng" thresppdmgygenerating circuit (not shown) detect the polarity of
2nd & thr eshol d vol t I S TRECHRIRPARLS oF sreplR s b et BY "t e
anplified input tamsmissioneveradQfaviriog bavedrpradeatrived. sAbhughitheipgesenst | ve when
the wavtef orm eXC?Q&tﬁiop%mﬂﬂéﬁﬁlvﬁmh@dihﬁﬁt@reﬁ&% §pe¥ific diernﬁmé& Q@Wﬁh&.hﬁ F; her
conparator's ou is,active. en.t he waveform exceeds resho in a
negati ve di rect i B bomtieRtiba Shine mogiea ot s PRCOTENS BEHy eahol d

gener ati ng ci r cuémbodimenkwithduedepaging frohehebroadeescopeand gpinit ofgbalavéidionOnce t he

i nci dent peak 56AB@R@RSy, thd\§elinERioR MIUMNANEAOE TR YegdRled B dnQliREhative decay

exponentially, as . ,shown in Figure 7, in a nmanner that roughly
rather thar a restrictive sense.
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nodel s the expected | owered anplitude response of received reflectiqw ..
pul ses. A bias ensures that the threshold voltage can only sink to 'a KOV 2004
m ni nrum val ue representing the maxi mum sensitivity of the receiver 50b. A
synchroni zed digital state machine controls operation of the receiver 50b.
The receiver 50b is again armed when the anplified waveformvoltage is
bel ow the threshold, and the 1SBI tiner has expired. As a new waveform 152
arrives, the amplified Iine voltage rises above, or falls below the

t hreshol d golAlags, causing one of the two conparators to again becone
active. This then sets a |atch which renenbers the polarity of the incident
wave form and disables the output of the other conparator until the
recei ver ‘50b i sWhteatds elagénedlte setting of this |atch causes the threshol d
voltage to be driven to the peak voltage of the incident wave. The | atch

al so arms an edge detector circuit (not. shown) which is |looking for a
transition fromthe peak detector, indicating the arrival of a first

i nci dent pkak Bfmefftvel ofdguoding a shmbedbadinges Bfteturafion iMMitaSYEbEa Bitde
pul se synchroni zed to the 16 1 7 NOV 2004 system clock isolator. Detecting
the peak stesuesce hrd idSBirmined byiitist hnd isecdrid delirhitbfis thel ietteeipenatiag | at ch
circuit reset and nakes the receiver 50b blind to any nore input pulses
until the theBiteps ofe expires. Wiile the receiver 50b is waiting of the next
pul se, the threshold generating <circuit output is in a high inpedance
state, allowng a capacitor to hold the threshold voltage. A bleed resistor
causes this voltage to drain off, effectively increasing the sensitivity of
the receiver S0RRGFERS thecfirssdelimytestof theevmbohon Acatriartmediuse. The decoder
46b perforns the reverse of the operation performed by the encoder 46a.
Specifically, the decoder 46b receives the encodi ng synbol portion 96 from
the receiver 50b and.reconstitutes token (i.e. a set/select pair) from
which the ori dFﬁ%ﬁurH?&aQéﬁ‘ﬁfaﬁEBl lgekiggitervakioliopdng the detegtion ké decoder
includes a sy olrto-tokqn_conversion circuit 200 and a decode state
machi ne 202 as SRS FgILter;

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 svmbol 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 method of claim 1 wherein the first and second delimiters comprise

first and second electrical pu:ses respectivelv, the method including the step of




Figure 9B. The conversion circuit 200 receives

RD SYM 4:0] 204 fromthe receiver 50b, this sy
measured inter-pulse tinme. Specifically, the re
conposite synbol based on the time duration be
pul ses, and subtracts the known fixed-duration
94 fromthe conposite synbol to reveal the enc
represented by the signal on RD SYM 4:0] inpu
the ci roui HedRlink At 168 ohOblAG bleaR-AY PillA
i ndi cates the sef of elght symbols to ‘which t

and 2. RSEL:%r0he sdddinsd Pulsput i ndi cates whi ch

sel ected set conprises the appropriate synbol.
to the decoder state machi ne 202 which, based

t he synbol via input

nbol being derived fidnithEli

ceiver 50b identifies a

t ween succession delimter
(or buffer portion) (1SBI)

odi ng portion 96, which is

t. The synbol is converted by
ngith&SE kit oPhitndhike. out put
relgre @El-aan%’ gylr:"r{)to%r %%I ongs;

of the synbols in the
The token values are then fed
on the supplied token

consisting of a set, select and polarity, determnes the length and pattern

of the decgded {hb nsRAYERHE Rlaiteird\Ring the sﬁézﬁ‘ofdd’é‘cggﬁ{ et Sed5R6RE BR 0f202
include the following: 1. RD PULSE 206: This. signal %ndl cates to the

decode st afif BTRS& ice 202iztRtheapSFBObE e oA HURRER]IRea6 tRE poBRth 2.
RD PCL 208: This signal

indicates the polarity bit of the pulse. 17 1 7
2004 Qut pupktheffirshpulecodeicet-aisa. machi ne 202 include the followi ng: 1.
DG DATA 210: The decoded bit sequence is sent to the conmunications
controller, viathe GPSI 60, on this output; and 2. DG SE 212: This out put
tells the GPSI 60 to shift in another bit. Wile the above exenplary
enbodi nent4.has beemetbad oz eldimt ) irichidiggRRSs®ep ofidefining apeeadéteymireed
appreciated that the circuitry and functional units described above may
readi |y begiovgoripoialrale ohiwariing shiraphs and assocSping dach df the gymbels Withcui t

NO V

a respective and predetermined bit sequence, wherein the group of svmbols
includes svmbols of equal duration that are distinguished from each other bv 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 carrier 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
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(ASIC). Thus, a nethod and apparatus for encodi ng and decoding a bit
sequence for transm ssion over a POIS wiring have been described. AltRpugy
the present invention has been described with reference to specific

exenpl ary enbodi nents, it wll be evident that various nodifications and
changes may be made to these enbodi nents w thout departing fromthe broader
scope and spirit of the invention. Accordingly, the specification and

drawings are to be regarded in an illustrative rather than a restrictive
sense. 18 é NOV 2004 CLAIMS What is clained is: 1. A nethod of decoding a
synbol hav #EEYSHF?%”HBP%N%WFE JRERRGE @ thyt SLENg RTopagded iethefdr et er ni ned
by first and second delimters, the nmethod including the steps of:

det ecting 19 st delinmiter of the synbol on a carrier nedium neasuring a
predeterm ned bl anking interval follow ng the detection of the first
delimter; preventing detection of the second delimter before expiration of

the predeterm ned bl anki interval to, prevent the detection of refl.ections
resul ting %'rom Eﬁs&aﬂgf’g&ﬁ%@mw F?l&thgéﬁpﬁiotféﬁmg tﬁﬁ@rﬁt HOREdi um

det ect i t d,delim:.t f.th mbol th ' di ft
the expi rafif SRIGT TG OPRRRTCHFIERURE BiraTRIHye RHERIRTORREA PR GYET F§1Rg t he

synbol i ndj i ve,of e .Di ence froma group of synbols, based on a
tinme duratP@i&hé?ﬁﬁﬂﬁ%gﬁgc?bgéisfr@%naetections of the first and second
delimters. 2. The nethod of claiml wherein the first and second delimters
conprise first and second el ectrical pusses respectively, the nethod

including jhe SYRPQlthod of claim 9 wherein the POTS wiring comprises unshieided,
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 duration 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 recerver coupled to the carrier medium;

measuring a predetermined blankinyg 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;
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19 17 NOV 2004 decodina at |east one bit of the bit sequence utilizin?glaﬁpﬁ]ﬁ
polaritv of either the first or the second pul se. 3. The nethod of di al 4
i ncluding the step of decoding the at |east one bit of 0 the bit sequence
utilizing the polarity of the second pulse relative to the polarity of the
first pulse, or vice versa. 4. The nethod of claiml including the step of
defining a predeterm ned group of synmbols of varying durations and

associ ating each of the synbols with a respective and predetern-dned bit
sequence, wherein the group of synbols includes synbols of equal duration

that are disti %!t@cgir?agﬂkhgrsegph&ﬁe@u@ﬁﬂa%f%;_ bolRfH Weidat@sr @bdhligi r

respective delimt e nethod of cldim1 wherein the step of

preventing det %&ﬂizmg ffe {lBives @&_@f‘ﬂied@c'rﬁimtfoﬂrofQﬁ@EEécﬁe?érrﬁHr@‘dQﬂ&ﬂlﬂﬁgdet ection
of the second delimter for a time period of between one and five

m croseconds. 6Gnptefig; et hod of claim5 wherein the step of preventing
detection of the second delimter conprises preventing detection of the
second delimter for a period of approximately 2.1 m croseconds. 7. The
met hod of claiml wherein the steps of detecting the first and second

delimters eachdémefvitdea shmbsl prokh g@@@rﬁ@ﬁf sigbalsieakd oh atimel derattoai gnal
propagated on the carrier nmedium S.” -The nethod of claim7 wherein the step

of detecting tngessasdd afiliainguheeaimér, bensegnidie duteqrgasiatie dirst dred sevonider
medi um conprises performng a 20 1 7 NOV 2004 differentiation operation with
respect to thedeligiddrs;prrabagated on the carrier medi um

identifving encoded data corresponding to the identified svmbol.

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 matching 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.



9. The nethod of claiml1 wherein the steps of detecting the first a”‘ff@ﬁ%ﬁl
delimters each conprise detecting a respective delimter propagated'dv
Plain dd Tel ephone Service (POTS) wiring. 10. The nmethod of claim9
wherein the POTS wiring conprises unshielded, tw sted-pair (UTP) tel ephone
cable. 11. The nethod of claim 10 wherein the UTP tel ephone cable conprises
either Category i or Category 2 cable. 12. A nethod of identifying a synbol
having a tine duration indicative of encoded data, the tinme duration of the
synbol being defined by first and second delimters, the nethod including:
detecting tle fiThsrderodenarrangemenhef epirhdl voreretrethedinst #nd sedtingm uti | i zi ng
a receiver coupled to the carrier nedium mneasuring a predeterm ned bl anki ng
interval fclalisuitery compraetfast amd sedond ¢lectricalspulded tespeaiveby. thaideredémg a
timer on the detection of the first delimter; preventing detection of the
second del idangemasy beingadiptad todeerde adeagrangdribofihedit sdqueniceytiliatrag val

by disarmng in the receiver until expiration of the predeterm ned bl anking
i nterval ; 2he polantKoy tbeerrondiruss. 9§ viicreverszond del i miter of the synbol on
the carrier medium utilizing the receiver after the expiration of the

predeterm ned blanking interval; identifying a synbol froma group of
synbol s baigd og_h% cielgnﬁ duration, asured utilizing the tinmer, between the
det ecti on GP- t he NEiFespdghFrapgenant adlaim & mehergindtheds irast gna fitarfdheabit dat a

corresponding to the identifjed synbol. 13. decoder arrangenent for
decodi P\g a 38 lﬂhaﬁqued;uql#lﬂggdﬁg pojagity of tﬁe second pulse relagve to the

polarity of the first pulse.

16.  The decoder arrangement of claim 13 inciuding a memory resource to
store a predetermined group of symbols of varving 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

distinguished 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 decoder 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.
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indicative of a bit sequence and defined by first and second delinitg iﬁ‘g&?
decoder arrangenent conprising: a receiver coupled to detect the fir Qﬁ
second delimters propagated over a carrier nedium and a blanking circuit
to identify a blanking portion of the synbol on detection of the first
delimter, and to prevent detection of the second delimter before
expiration of the blanking portion to thereby prevent detection of
reflections resulting from propagation of the first delimter over the
carrier medium and a matching circuit to identify the synbol indicative of

the bit séjuenckre dec@meaagrag?e?ﬁht fas/@m%:ih% gl@ﬁé%ﬂn o dtﬁ?ﬁlhﬂﬁ At on bet ween
e 1 rs an secon

the respective detections o imefers.” 22 1 7 NOV

2004 14. Theudesadimneraoraagaire atprefe @raimad BlaARE(E n@eﬁvﬁ?sdﬂse@@ ﬂ ggcond
delimters conprise first and second el ectrical ses respective 3} t he

decoder aletechigendrthe fiestrdplatast, addtaod@%ﬁﬁﬁ é?itcul%%sﬁ%? tH doc@lef NE bit

sequence utilizing the polarity of the second pul se, or Vvice VeFsa. 15. The

decoder atndhgepiationd! tepradbtermiiaeiblariitifg ftelgast one bit of the bit
sequence i s decoded utilizing the polarity of the second pulse relative to
the polarity of the first pulse. 16. The decoder arrangenent of claim 13
including_a menopry resource to store a predetermned group of symbols of

varying détati dHe deceder arangrmentyofinidis beivd@reiaIRE raterbr' Ecﬁhfi’%[ I 380" ive
ihclu

and predeterm ned bit sequence, wherein the group of synbols

symbol s ofielegtithe firsk and é?ﬁQﬂ%dEIaneterﬁhSSﬁeBp@mvféhﬁﬂsésgigggﬁg‘&@d@v‘&?'PleHM the

polaritie ir respective delimters. 17. The der arrangenent of
claim 13 M&Efeﬁgpﬁésﬁﬁ&ﬁ?((r@ T3) wining. prevents the detection of the second
delimter for a time period of between one

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
detection 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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and five mcroseconds. 18. The decoder arrangenent of claim 17 wherej Ih?
bl anking circuit prevents the detection of the second delimter for12NUV 004
period of approximately 2.1 mcroseconds. 19. The decoder arrangenent 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 23 1 7 NOV
2UR 20. The decoder arrangenent of claim 13 wherein the blanking circuit
includes a timer to neasure a predeterm ned bl anking interval subsequent to
the detection of

he fi deli 1 S et ] . . o
t he-recei ver UWPPFHI%( b?’i?f%ﬁ%éﬁlﬂo ﬁo;f fB?E‘gset?‘ eéryrﬁﬁ1 %%@‘I%éﬁk%%gﬁ%rnrbg?&a ’ér 211.

The decoder arrangenen f I wherein the receiver is configured to
detect the firs? &egé:%@ﬁgﬁh@ﬁmﬁ%rs as respective pul ses propagated over

Plain dd Tel ephone Service (POTS) wiring. 22. The decoder arrangenent of
claim 21 wherein the POTS wiring conprises unshielded, tw sted-pair (UTP)

t el eph bl e, The. ~ - j - i he UTP
Lol cphone cabl ¢® CERRREEERIE AR A FARERRRifd Fupl BebCaRELRNEDS T
tel ep prPSEs G Fhe Fegory 2 "cabr e -
ata and deri nel gL Rl oL OB Rah R e P e Rl e T er s,

the decoder arrangRuPghq SOURId déiirefs bPARI MeEiveQUP! ed o detect del imiters

propagated on a carrier nmediunm a bllanking circuit to nmeasure a
predet erm ned bl anking interval subsequent to detection of a first
delimter of a synbol, and to prevent detection of a second delimter of

the symbol g or Bhédeedd@mredndefentVf QESHEIIWARERIR IR blatkingkigEwial , SO as to
prevent detection of reflections, ,
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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24 1 7 NOV 2004 resulting from propagation of the first delimter over the
carrier medium as the second delimter; and a decoding circuit t rhﬁgthfy
predeterm ned data associated with the synbol as defined by the t Ae
duration between respective detections of the first and second delimters
by the receiver. 25. The decoder arrangenent of claim 24 wherein the

bl anking circuit includes a disabling circuit to increase sensitivity of
the receiver, relative to a predetermned |evel of sensitivity, over the

duration ohgthe m%%ga&ﬂ&sﬂgeﬁhﬁm A18irh 28 S¥ReRbin @ bldlangdesedrr
arrangenment of claim?24 wherern the disabling circuit increases the

sensitivityof h\tithd EQBNa ddidited R¥Ql pfoBeniigdoxirhitetyp2a second
| evel of séﬁ%ﬁﬁteiafge%ggr;bﬁg %IEle predeter?n' ned pbI e?nki n éntervaly? both the

first and serpRdhhgyvels of sensitivity being less than the predeterm ned

| evel of sensﬁ}’i \Ej(l)ty. 27. The decode arrangenent of 24 wherein the bl anking
circuit includes a tiner to neasure the predeterm ned bl anking interval
subsequent to the detection of the first delimter of the synbol 28. The

decoder ar gangempRtdeRbdel airihgdmuhesfdlfint D Wierald the bldrlatgeircpitevents
detection of the second deliniter for a tinme period of between one and five

M cr osecongscludss 4 diffdieNtiainad débect Amaltetadulls@of apigaakbpiopagatddomtins
wherein the blanking circuit prevents detection of the second delimter for

a period otamppmasditmhel y 2.1 mcroseconds. 30. The decoder arrangenent of
claim 24 wherein the blanking circuit includes a differentiator to detect a
peak of a pulse of a signal propagated on the

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 systern.
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carrier nmedium 31. The decoder arrangenent of claim 24 wherein the receiver
is coupled to detect the first and second delinmters as respectiVe/ BO¥ J85
propagated over Plain O d Tel ephone Service (POTS) wiring. 32. The decoder
arrangenment of claim 31 wherein the POTS wiring conprises unshielded,

tw sted-pair (UTP) tel ephone cable. 33. The decoder arrangenent of claim 32
wherein the UTP tele phone cable conprises either Category | or Category 2

ble. 34. ,Th d t. of . clai.m 24 i Si k
Chtertace Ohrd. S AEBAaeL P e G R Gror oAV ER. adapt er for
ith i ' t.rol f t t t decod
ar r angenenP B DR Sttt s reBdbrTR G iBdoamna st Rhgement <o
t he commn|d%ﬁé,g9%$ﬂtﬁ?gjtre{:ﬁg(g%rﬁ{rrg@g%g%tco ut.er system 26 1 7 NOV1004 36. A

decoder arr 3P "Essociated with predeternined
data and defined by a tinme duration between first and second delimters,
t he decoder arrangenent conprising: receiver neans for detecting delimters
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and for preventing detection of a second delimter of the synbol for a
duration of the predeterm ned blanking interval, so as to prevent detection
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by the receiver detection of a second delimiter of the svmbol for a duration of the

predetermined 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 identifving 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
subsequent to detection of a first delimiter of a symboi, and for preventing

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

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

27




37. A network device conprising: a processor to process data; a receiver to
detect delimters propagated on a carrier nedium a blanking circuit?Nov 20
nmeasure a predeterm ned bl anking interval subsequent to detection of a
first delimter of a synbol, and for preventing detection of a second
delimter of the synbol for a duration of the predeterm ned bl anking
interval, so as to prevent detection of reflections, 27 17 NOV 2.094
resulting from proppagation of the first delinmter over the carrier medium
as the second 'E?épﬁ %pm BFRPagagensd dhe fisstidedimitenover ehietarier neetidat, a
associated with fﬁ'& 3/1-2?81 as defined by the time duration between
respective det®ctFchS ghgiteryand and second delinmiters by the receiver.
38. The network device of claim 37 conprising a conputer system 23

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 systemn.
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