METHOD AND APPARATUS FOR ENCODING
AND DECODING A BIT SEQUENCE
FOR TRANSMISSION OVER
POTS WIRING

FIELD OF THE INVENTION

The present invenuon relates generally to the field of encoding and decoding
dignal data for transmission over a medium, More specifically, the present
invenuon relates to the decoding and encoding of a bit sequence for transmission
over Plain Old Telephone Service (POTS) wiring.

BACKGROUND

Local Area Network (LAN) standards and products have not significantly
penetrated the home computing market for a number of rcasons, including the lack
of perceived need and the required instalfation of special cabling, which is difficult
within a residential household  As multiple personal computers (PCs) are becomung
increasingly common within households, the notion of implementing a LAN within
a residential environment 1s gaining in popularity. Specifically, the ability to share
information between muluple PCs, and to share resources such as printers and
modems, 1s becoming increasingly attractive to home computer users. In parucular,
the ability to achieve shared. high-spzed Internet access by a number of computers
within a houschold is becoming important as multiple 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 medwm over which the LAN is implemented. Such wiring typically comprises
unshielded, twisted-pair (UTP) telephonc cable and may comprise either Category |
or Category 2 cablc, as defined by the EJA/TIA 568 specificauon. The use of such
residential telephone wiring poses a number of problems in that the transmission of
data signals must occur over an arbitrary, unterminated wiring system, with
unknown electrical charactenistics. This results 1n impedance musmatches and the

luck of terminauon contributes to the persistent reflection of signals and
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unpredictable peaks and valievs in frequency response within a pand of interest
Tne power splitting effect of star configurations, whicn arc commonly implementad!
in residential wiring, attenuate the levels of signal features whose duration 15 short
compared to the propagation delay of the wire branches

A LAN implemented over residenual telephone wiring must also coexist
with the POTS service, and must be FCC part 68 compliant. which dictates the use
of sigrnals with no frequency components below 270 kHz and transport levels
below 178 mV
SUMMARY OF THE INVENTION

According to a first aspect of invenuion, there 1s provided a method of
encoding a bit sequence as a symbol for transnussion over a carnier medium - The
symbol has a ume duraton indicative of the bit sequence. the ume duration of the
symbol being determined by first and second dehmuters The method commences
with the reception of the bit sequence at an encoder, whereafter a symbol. having @
duration indicative of the bit sequence, 15 1dentified This symbol includes encoding
and buffer portions. The buffer symbol portion 15 of sufficient ume duration to
allow reflections, generated by the first delimuter on the carmer medium, to decay (o
a predetermined level before propagation of the second dehmuter. In one
embodiment, the first and second delimiters may be respective electrical pulses, and
at least one bit of the bit sequence may be cncoded utihizing the polanty of the
second dehmite:

According to a second aspect of the invention, there i1s provided a method of
decoding a symbol having a ume duration indicative of a bit sequence. the ume
durauion be determined by first and second delirmuters  The decoding method
commences when the first dehimuter is detected, whereafter a umer is imtiated.
Detection of the sccond delimiter 1s blocked for a predctermined buffer portion of
the symbol to prevent detection of reflections resulting from the propagation of the
first delimiter over the carmer medium. The second delimiter 1s then detected after
expiration of the buffer portion of the symbol In one embodiment. at ieast one bit
of the bit sequence may be decoded utilizing the polarty of the second delimiter

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

above-methodologtes.
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Other features of the present invenuon will be apparent from the

accompanying drawings and from the detailed description which foliows
BRIEF DESCRIPTION OF THE DRAWINGS

The present invenuon 1s illustrated by way of exampie and not limutation 1n
the figures of the accompanying drawings, in which like references indicate sinular

elements and in which:

Figures la and 1b illustrate Local Area Networks (LANS) implemented
using arbitrary topology TOPS wiring.

Figure 215 a diagrammatic representation of a network station according to
one embodiment of the present invention.

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

Figure 4 1s a diagrammatic representation of a 10bascT-to-POTS adapter,

ccording 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 61s a coding tiee illustraung a metheod. 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 n Figure 3.

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

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

DETAILED DESCRIPTION
A method and apparatus for encoding, and decoding, a bit sequence for

transrimission of POTS wiring are deseribed  In the following description, for the
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purposes of explanation. numerous specific detuls are et forth in order (o proviae 2
thorough undersianding of the presentinvention It will be eviden:, however, to
one skilled in the art that the present invenuion may be pracuced without these

specific details

Apparatus - Overview

Figures 1a and Ib cach illustrate a respecuve Local Arca Network (LAN)
10 and 12 which may be implemented utilizing arbitrary topology POTS wiring 14,
such as UTP wining, within a residential building 16. The wining 14 fans out from
a central connection point 18, through wiich the wiring 14 connected to a central
office. 1o numerous phone jacks 20 located throughout the building 16 A number
of LAN devices (also termed "stations” or “nodes™), 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 termunate in a
jack 20 into which a LAN device or telephone 15 not connected, and are accordingly
unterminated. As will be appreciated from Figure 1a, the wining 14
interconnecting the LAN devices has an irregular topology. and includes a number
of unterminated branches Impedance mismatches, the arbitrary topology. and the
luck of termunation within the LANs 10 and 12 result in the reflecuion of signals and
unprediciable frequency responses within these LANs 10 and 12. Further. the star
configurauon illustrated i Figure 1a serves to attenuate the levels of signal
features whose duration 1s short compared to the propagation delay of the wire
branches.

Turning now to Figure 2, there is illustrated a network station 30 coupled
1o 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. Forexample, the LAN 12 may use Ethernet, BISYNC or HDLC framing. and
implement Colhision Detecting, Collision Avoiding. TDMA, Polled or Token
Passing access methods.
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An overview of the various components of the network station 20 will now
be provided The station 30 comprises a network device 36 and an adapter 33, The
adapter 35 includes a modem 32 that serves to adapt a communications controller 34
(such as an ethernet communications controller) of the network device 36 (such as a
computer) for communication over the arbitrary POTS wining {4 Inone
embodiment, the modem 32 provides medium interface, signal encoding and
decoding (ENDEC), clock recovery and colhision detection functions  Exemplary
embodiments of collision detection circuitry and functions that may be implemented
within the adapter 35 are described 1n co-pending application Seral No _

. entitled "METHOD AND APPARATUS FOR DETECTING COLLISIONS ON A
NETWORK?", filed . and assigned to the assignec of this application.
To accommodate a variable bit ratc encoding/decoding scheme, and 1o control the
flow the data between the nctwork device 36 and the wiring 14, the modem 32
controls the clocking of data to and from the communicauons controlier 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
10 be coupled to a mucroprocessor system 38 of the network device 36 via a
management interface, which allows the modem 32 1o be controlled by software
caccuting within the microprocessor system 38, The adapter 35 further
incorporates a coupler module 40 by which the network stauon 30 1s coupled to the
jack 20 and POTS wiring 14 The coupler module 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 1s furthermorc connected to the modem 32 via a
transmit/receive connection 42.

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

Referring now to the network device 36, the communications controller 34

1s typically responsible for Link-Layer protocol functions. such as {ramung, error
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detection, address recogniuon and media access  In one emboanment, the controller
34 15 an Ethemet LAN seral controller, and in an altermative embodiment 1s a Higp-
Level Data Link Contro! (HDLC) sznal controller The microprocesso: system 38
15 responsible for the execution of software which controls the controller 34 and the
modem 32. The microprocessor system 38 1s furthermore shown to be coupled to
the controller 34 via a data bus 44, and the controller 34 1s stmilarlv coupled to the
modem 32

The adapter 35 thus allows a network device 36, including a
communications controller 34, such as an Ethernet controller, to be coupled to a
LAN implemented using POTS wiring 14, and serves to encodc data transmutted
from the network device 36 onto the LAN into a format suitable for propagation
over the wiring 14 Simularly, the adapter 35 decodces signals received via the
POTS wiring 14 mto a format suntable for reception by the controller 34. While the
adapter 35 1s shown in Figure 2 to reside outside the network device 36, 1t will be
appreciated that the adapter 35 could in fuct be incorporated within the network
device as, for exumple, part of a Network Interface Card (NIC). Alternatively, the
adapter 35 may comprise a stand alone unit which is coupled between a serial port
of the network device 36 and the wall jack 20.

Figure 3 15 a block diagram providing a more detailed view of the
components of the modem 32 Specifically, the modem 32 comprises an
encoder/decoder (ENDEC) 46 which 1s responsible for encoding a bit sequence as a
svmbol for transnussion over a carrier medium such as the POTS wiring 14
Similarly, the ENDEC 46 1s responsible for decoding a symbol received from the
wiring 14 to generate a bit sequencc  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 15 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 as a whole

The modem 32 further includes rccerver/transmitter circuitry 50, which is
responsible for the reception and transmission of symbols encoding bit sequences

In ormeembodiment of the invention, such svmbols are dehimited by electrical
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pulses, i which case a transnutter 50a receives svmbol and polanity information,
synchronized to a master clock, from the ENDEC 46 In one embodiment, the
svmbo! information recerved from the ENDEC 46 represents the variable-duration
(or encoding) portion of an electrical composite symbol 1o be propagated from the
transmutter 50a. The transmutter 502 appends a fixed-duration (or bufier) portion to
the variable-duratuon portion to generate a composite symbol The uansmutter 50a
then generates symbol delimuters, which deterrmunc the time duration and polarity of
the composite symbol, in the form of pulse doublets Each pulse doublet comprises
first and second portions of approximately equal duration and opposite polanty, and
has a fixed pulse width. The polanity of each pulse doublet 1s determined by
information recesved from the ENDEC 46. As each pulse doublet comprises two
equal portions of cqual duration and opposite polarity. no Direct Current (DC)
component 1s generated on the wiring 14 when the pulse doublet 1s transmitied
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, ot step-down windings, in a couphing transformer within the circustry 50.
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
clements, comparator and digital control circuitry  The receiver 50b produces an
output pulse, shown at 51 in Figure 7, coincident with the first peak (1.e. the
inflection pornt) of a complex waveform recerved by the wall jack 20 off the wiring
14. Figure 7 provides an 1llustrative example of a waveform 52 that may be
received at the recerver 50b off the wiring 14. The wavcform 52 may be highly
attcnuated and distorted as a result of being propagated through a residential POTS
wiring [4. As shown at point 54, reflections can result in a peak amplitude
occurring sometime after arrival of the incident energy. Without linc terminations
and with complex topologies, pulse energy can continue for many microseconds,
decaying gradually.



As mentioncd above, the present invention proposes encoding a bit
scquence as a symbol, the symbol having a ume curauion indicative ot the bit
sequence and being determined by first and second delimuters  In ore embodiment
of the invention, these delimuters comprise electrical pulses transmutted from a
transmitter S0z, Thus, in order to successfully receive a symbol at the 1ecerver 50b,
the ortginal pulscs generated from a transmutter 50a must be as accurately
reproduced as possible. To tius end, the recerver 50b 18 required to detect the first
peak of any incident waveform, as the precise ume of arrival of these incident peaks
must be determined (o ascertain the ume duration of a symbol. Accordingly. the
recerver 50b 1s configured to detect the first incident peak, such as the peak 56, of
the incident waveform 32, and to 1gnore potentially high amplitude pulses occurring
soon after such an incident peak Further details recarding the funcuoring of the
recerver are provide befow

Turning again to Figure 3, the modem 32 also includes system interfaces
in the form of a General Purposc 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 hnes:

TABLE1
Signal Name Direction Description
TENA To Moagem Transmit Enabic
Qualifics TX as
conwining packet data
> To Modem Transmut data to encoder




TCLK

Fronmi Modzm

3

Transmit Clocn Runs
continuously when
TXENA deassericd,
stopped while Access
ID. (detailed below) runs
al variable rate uncer
control of transmul
encoder dunny

transnussion

RENA

From Modern

Reeeive Enable
Qualifies RX as

contaming packet data

RX

From Modem

Receive data trom

decoder

RCLK

From Modem

Receive Cloch Runs
conttnuously when the
wire 15 1dle, is stopped
during reception of an
Access ID (detailed
below). runs at vanable
rate under control of the
decoder dunng pucket

rccepuon.

CLSN

From Modem

Collision Sense
Indicaies either a
transmul or receive modc

coliision.

The management intertace 6215 a simplc 4-wire serial interface for setting

and reading management configuration information. A nucroprocessor within the

communications controtler 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 1s an ethernet controller, and the management

parameters for the modem 32 are stored 1 a serial EEPROM, and loaded
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automatically evev ume the controlie: 34 15 reset or imitiahizec Table Z bejow

detatls the relevant signal pins and management configuiation data

TABLE?

Signal Name Direction Description

MDO From Modem Serial date streamn
readout ot modem
configuration
paramelers

MDlI To Modem Scrial data stream
scungs of modem
configuranon
parameters.,

MCLK To Mudem Sengl data clock  Data
1s shafted in/out on the
rising edge of this
signal

MCS To Modem Chip select  Qualifies

and lrames acuivity on
the serial data channel,
First data bat s
received/transmitted
lollowing asscruon of
this signal
Configuranon data 1s
loaded 1nto intemnal
registers upon transition

to deasserted stale

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
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and indicates to the receiver 50b the time (tcmporal) focation of the incident pgax o
arecerved waveform (pulse).

Iigure 4 llustrates the modem 32 1ncluded within ar adapter 64. which
allows a computer 22 including a 10BaseT Ethemet commun:cations controller to
communicatc 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, arnd a Static
Random Access Memory (SRAM) 74. The adapter 64 acts as a non-filtering
bridge. and recerves 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 farge FIFO memories
buffering packets being transferred between 10BaseT and the POTS wiring 14 In
one cmbodiment, the adapter 64 does not have a MAC LAN addiess 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
specd of the adapter 64. The adapter 84 also includes an array of diagnostic Light
Emutuing 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 trunsmmussion. In one embodiment, each symbol is
disunguished by having a specific ime duration. this time duration being
determuned by the time interval between the receipt of first and second delimuters, in
the form of clectrical pulses. The present invention proposes encoding data in the
precise ume arrivals of short duration pulses which are widely separated in ume.
As described above, a transmitted pulse is attenuated and scattered as it bounces
around the wiring 14. Aficr enough ume has elapsed, the pulse will die out and
another can be sent without fear of interference from the previous pulse.
Specifically, once the reficctions resulting from a particular pulsc drop below a
recerver's sensitivity threshold, another pulse can be sent without risking inter-

symbol interference Reference made to Figure 7 which shows the waveform 52
bl



recerved at a recerver 50b in response to the transnussion of a sinusoidal pulse from
a tansrutter 50a. As illustrated, 1 one embodiment of the present invention
recerver’'s sensitivity threshold may decayv exponentially after detection of a first
pcuk 56

For the purposes of this specification, 1t 15 convenient to specify a time umit
in whuch the ume between the transmussion of pulses can be expressed To this
end. a ume unit arbitrartly termed a TIC 15 defined as comprising 0 1167
micioseconds.

Referring now specifically to Figure 5, a series of sequential symbols 90a-
90c are shown 1o be separated and distinguished by a senies of pulses 92a-92¢
transmitted from a recerver 50b over the wining 14 Each symbol 90 has @
predetermincd durauon indicative of a tespective bit sequence. A minimum time
must separale each of the pulses 92 from a preceding pulse. s0 as to allow
reflecuions resulung from the pulse 92 to decay below a recerver's threshoid  This
munimum tme 15 tncluded within each symbol 90. as a fixed-duration (or buffer)
symbol poruon, and may be conveniently referred to as an Inter-Symbol Blanking
Interval (ISBI) 94. The duration of thc ISBI 94 is detcrmuned by a number of
factors. such as the complexity of the POTS wiring topology, the impedance of
terminators (e.g., telephones) on the ends of cach wiring branch, and random norse
on the line which may add to the amplitude of decaying reflections. In one
cxemplary embodiment, the ISBI 94 has a duration of between | and 5
nucroseconds. and specifically of 2.1 microseconds (1.c. 20 TICs within a modem
32 operating at 60 MHz.) It will be appreciated that the ISBI 94 cffects the
transmission data rate, and 1t 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 indicauve of a predetermuned bit sequence. The symbol portion
96 may be expressed as an integer multiple of the TIC ume interval. and the
duration of 2 symbol may thus be expresscd 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 referencc to Figure 6 Specifically Figure 6 shows a

coding tree J00 illustraung a method a coding a bit strearn The encoding 15
12



performed by the ENDEC 40, whicnincludes 2 shiit regisier receiv.rg Dit streers
102 from the communicatons controlie: 3+ via the GPSI 6C Fo: iz purposes of
explanatiorn. tne encoding of a specific bit scquence, comprising outs A-G of b
stream 102, will pe explained  The encoding method begins «t step 105 with ar
examunation of the next bii to be encoded (1.e bit A). Atstep 100 a acterminztion 1s
madc as to whether bit A isaone (1) If so, the neat bit (12 bit B) determmunes the
polanity oi a puise wnich will compnise a deiimuter of 4 symbol representing bis A-
E. Tnc next three buts (1.c. bits C-E) sclect one of a first sct of eight symbols
(Svmbols 1-8) Each of the Symbols |-8 includes the tixed ISBI 94, as well as the
vartable duration symbol portion 96

Alternatively, 17 1t 1s deterruned at step 106 that bit A 1s a zero, the method
proceeds to step 108, where a determination 1s made as to whether bit B 1s a2 one or
azero 1 bit B isaone, then bit C getermunes the pulse polarity and the next three
bits (1.€. bits D, E ana F) seiect one of erght 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 deterrmunation is made as to whether bit Cisaoneorazero. IfbitCisa
one. then bit D determines the pulse polanty and the next three bits (1.e. bits E, F
and G) select which of a third group of eight svmbols (Symbols 17-24) 15 selected
to encode the bit patter If bits A, B and C are all zeros. then bit D selects the
polarity and a Svinbol 0 1 selected 1o represent the bit pattern

Accordingly, 1t will be appreciated that Symbol O encodes a 4-bit scquence
000D, Symbols [-8 encode a 5-bit sequence {BCDE, Symbols 9-16 encode a 6-but
sequence 01 CDEF and Svmbols 17-24 cncode a 7-bit sequence 001 DEFG.

The encoding method thus encodes bit sequences 1n groups of varying
sizes, specifically in groups cither 4. 5, 6, o1 7 bits. The symbols are assigned to
the encoded bit sequences 1n a manner which causcs more data bits to be encoded 1n
symbols having a greater durauion. For example, symbols 17-24 will include
variable-duration poruons 96 which arc longer in duration than the variable-duration
symbol poruons of Symbols 1-8. This allows optimal average and minimum bt
ratcs to be achieved. The encoding of a bit uulizing the polarity of a pulse which
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acts s acehnuter for the symbol also coninidutes towaras entinuzenon of o
encouing methoaoiogy

Figures § and 9a illustratz an exempian cimboaiment of the modem 32
implemented using Fieid Programmable Gate Arravs (FPGAS) The encoder 204 i
snown 1n Figure 9a to comprise an encode state machine |16 and a token-to-
svmbol conversion circuit 11§ The encode state muachine receives a TIC cloca
(TCLK) signal 120. and a Master State (MS [7:0]) signai {22 wnich indicates the
master state of the modam 32 and 1s generated by the access sequencer 48 The
encode state machine 116 also recerves data 1o be encoded via input (GN_DATA)
124 from the communications controlicr 34 via the GPSI 60 The outputs of the
encode state machine 116 include the following signals

I NT_Pulse 126° Asscruon of this signal instructs the transmitic: (o send a
pulse and to accept a next symbol for transmussion,

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

3 NT_POL 132. This signal represents the data bit which follows the bits
uscd to select the group of symbol from which the trunsnutied symbol 1s selected,
and sets the polarity of the next symbol delimuter (or pulsc),

= TSET [1.0} signal 130. This signal encodes whether the next bits are
000.01 or 001 (1.e. selects the set of eight symbols from which the symbol 1s
selected). and

S 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 svmbol from within 2 group of eight symbols

The token-to-symbol conversion circuit 118 recerves the TSET [1:0] signal
130 and the TSEL [2:0] signal 134 from the state machine 116, and generatcs the
symbo! to be trunsmutted, represcnted by the NT_SYM [4:0] signal [36. The
symbol (1.e. the NT_SYM [4:0] signal 136) is propagated to the transmitter 50a, as
shown 1n Figure 8§, which adds to this svmbol the ISBI portion 94 to thereby
generate the composite symbol. The transmitier 502 waits for 2 number of TICs

represented by this composite signal between the transmission of delimiter pulscs.
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ncrauon of the empodiment of the enceger w0a snow i in Figures § anc

9 wili now orieflv be described  Firsily, the NT_puise signal 128 18 asserted,
causing a pulse to be transmiticd from the trunswutter 300 The transmuiter furthe
includes an interpulse umer (not shown) which begins a umed record from :ssuance
of this pulse. Next, the shift register within the encoder state machine 116 1s reset
and tha NG_SE signal 128 15 asserted to receive a bit from the GPSI 60 The
contents of tne shift register are then shified to the left and examincd unul one of
four patterns 1s recognized (1.e. 000,1.01.001). Ii onc of these patterns 1s found,
shitting stops and decoding logic within the encoder 46a encodes the bit patent 2s a
number "0..3" The TSEL2.TSELO and NT_POL signuls are then outputied 1o
indicate the svmbol select and the polarity. External combinational logic in the
encoder 46a (1.e. the converston circuil 1 18) and the transmutter 30a convert this
information nto a number of TICs between pulses needed to cncode the bit
sequence. Specifically, the transmutter 50a receives pulse and polarity intormation
synchronized to the TIC clock signal 122 and then generates a pulse doublet, which
comprises a sinusoidal pulse of a fixed width and of 2 polarity determuned by the
NT_POL signal 132. The transmitter 50a transmuts this pulse on thc TXP and TXN
outputs. The umc at which to generate this delimuung pulse 1s deterrmuned in
accordance with the symbol information sent to the transmutter 50a by the encoder

46a and 1n accordance with the transnutter inter-pulse timer

Decoding

Referring again to Figure § and to Figure 9B. in response to the
transmussion of a sinusoidal pulse doublet from a transmutter 50a coupled the POTS
wiring 14, a response waveform 150, such as that shown in Figure 7, is received
at a recerver 50b. In order to determine the time duration between transmitted
pulses, the receiver 50b is required to determinc the precise time of amival of
incident peaks, such as the incident peak 56 shown in Figure 7. In one exemplary
embodiment, thc main receiver signal path consists of an amplificr followed by a
differenuator (not shown). The amplifier may be necessary to compensatc for the
low transmut levels required for comphiance with FCC Part 68. and gain 1s

accerdingty fixed at about 15dB. The output of the amplifieris fed to a
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d.ficrsnniator whose ouiput chianges polanty wnsnever ins iaru war2iorm s s1or?

changes s'gn Tne output of the difterentiator ts galed oy LOIR LME ant amphitecs
processing crcuts within the recaiver 50t Follow:ng the detecuion of o nean. 2
umer (wnich tumes the ISBI mterval 94315 started During this ume tne receiver 300
is disarmed Peaks within the reczived waveform 150 aie 1gnored duiing tne ISBI
mtersai, cven if the amplitudes are greater than that of the onginaliy detected peak

The difterentator may be sensitive to nose and thus suscepuble o
producting spurious outputs during the ISBI period. In one exemplary embodiment,
to further quahfy the output of the differenuator, two comparators and a "peak
tollowing” threshold generating circuit (not shown) detect the polarity of an
incomung pulse  The comparators take as inputs tne amplified waveform and a
tnreshold voltage. The comparators recerve opposite pnases of the amplitied mput
wiuveform, so tnat one comparator’s output 1s active wnen tne waveform cxcezsds
the tnreshold 1n a posiuve direction, and the other comparator's output 1s active
wnen the waveform excecds the threshold in a negauve direction. The threshold
voltage, generated by the threshold gencrating circuit. tracks the amplhitude of the
incident pcak 56 Once the incident peak 56 passcs. the threshold voltage may be
allowed to decay exponentially. as shown in Figure 7, in 2 manner that roughly
models the cxpected lowered ampiitude response of recerved reflection puises A
bras cnsuies that the threshold voltage can only sink 1o & mummimum value
representing the maximum sensitivity of the receiver 50b - A synchronized digital
state macninc controls operation of the receiver 50b The recerver 50b 1s again
armed when the amplified waveform voltage 1s below the threshold, and the ISBI
umer has expired. As a ncw waveform 132 armives, tne amplified line voltage nises
above, or falls below, the threshold voltage, causing one of the two comparators to
again become active. Thus then sets a latch which remembers the polanty of the
incident wave form. and disables the outpul of the other comparator until the
receiver 50b 1s re-armed  The setung of this latch causes the threshold voliage to be
driven to the peak voltage of the incident wave

The latch also arms an edge detector circunt (not shown) which 1s iookung
for a transition from the peak detector. indicating the arnival of a first incident peak

5G- The output of the edged detector 1s a one-cyele wide pulse synchronized to the
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syvstem clock 1solator Detecting tne peak stants tne ISBL imer wnign oroturn, oles
tne compurator faich circurt rese! and [udKes tne recesver 500 bling (o 27y more innpus
pulses unul tne ISBI iime expires

Whiiz the receiver 50b 15 waiing of the next pulse. the thresnoid generaung
cucuit output 1s in o hign impedance state, allowing a capacitor to hold the tnreshold
voltage A bleed resistor causes this voltage to drain off, effectively increasing the
sensiuvity of the receiver 500 with tne passing of ume from the last puisc

The dccoder 46b performs the reverse of the operation performed by the
cncoder 46a  Specificully. the decoder 46b reccives the encoding symbol portion
06 rom tne recerver 500 and reconstitutes a token (i.¢. a seVselect pair) from which
e onginal bit sequence can be generated. Specifically, the decoder includes a
svmbol-to-token conversion circuit 200 and a cccode state machine 202 as shown in
Figure 9B. The conversion circuit 200 recerves the symbol via input
RD_SYM([4:0] 204 from the recerver 50b, this symbol being derived from tne
mcasured inter-pulse nme. Specifically, the recerver 50b 1denufics a composite
svmbol based on the time duration between succession delimiter pulses, and
subtracts the known fixed-durauon (or buffer portion) (ISBI) 94 from the
compostte symbol to reveal the encoding portion 96, which 1s represented by the
signal on RD_SYM[4-0] input. The symbol 1s converted by the circuit 200 to the
following token outputs

l RSET[1.0; This output indicates the set of erght symbols to which
the relevant symbo! belongs, and

2 RSEL[2:0]. This output indicates which of the symbols in the
selected sct 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, selcct and polarity, determines the length
and patiern of the decoded bit sequence. The inputs to the decoder state machine
202 include the following:

L. RD_PULSE 206 This signal indicates 1o the decode stalc machine
202 that a symbol pulse has been detected: and
2 RD_POL 208: This signal indicates the polarity bit of the pulse.



Outputs of e decods state macmne 202 jnziuge tinz ichiow:r:

! DG_DATA 210 The decoded bit scquence 15 sent o (RS
communications controller, via the GPSI 60, on this output. onc

2 DG_SEZI2. Thusoutputtells the GPSI 60 to shift in unotner b

Whiie the above cxemplary embodiment has been realized utilizing FPGAs.
1wili rzadily be appreciated that the circuitry and functional units described above
may readily be incomporated within an Application Specific Integrated Cricurn
(ASIC).

Thus, a method and apparatus for cncoaing and decoding a bit sequence fo
tansnussion over a POTS wiring have becn described  Although the present
mmventon has been described with 1eference to specific exemplary embodiments 1t
will be evident that various modifications and changes may be made to these
embodiments without deparung from the broader scope and spirit of the invenuon
Accordingly, tne specification and drawings are to be regarded 1n an iliustrative

rather than 2 restrictive sense
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CLAIMS
What is claimed is:
1. A method of decoding a svmbol having a time duration indicative of a bit

sequence and determined by first and second delimuters, the method including

the steps of:

detecting the first delimiter of the symbol on a carrier medium;

measuring a predetermined blanking interval following the detection of

the first delimuter;

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 method of claim 1 wherein the first and secorid delimiters comprise

first and second electrical puises respectively, the method including the step of
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decoding at least one bit of the bit sequence utilizing 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 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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differentiation operation with respect to the signal propagated on the carrer

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 Plain

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 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 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;

prevenﬁhg 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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detecting the second delimiter of the symbol on the carrier medium
utilizing the recerver after the expiration of the predetermined blanking

interval;

identifving a symbol from a group of symbols based on a time duration,
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 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.
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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 utilizing

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

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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20.  The decoder arrangement of claim 13 wherein the blanking circuit
includes a timer to measure a predetermined blanking interval 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

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

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

24



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

as the second delimiter; 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 by 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.

25



29.  The decoder arrangement of claim 28 wherein the blanking circuit
prevents detection of the second delimiter for a period of approximately 2.1

microseconds.

30. The decoder arrangement of claim 24 wherein the blanking circuit
includes a differentiator to detect a peak of a pulse of a signal propagated on the

carrier 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 identifving a svmbol associated with

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

delimiters, the decoder arrangement comprising:

37.

receiver means for detecting delimiters propagated on a carrier 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
predetermuned 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.

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 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,
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38.

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

as the second delimiter; and

a decoder to identify predetermined data associated with the svmbol as
defined by the time duration between respective detections of the first and

second delimiters by the receiver.

The network device of claim 37 comprising a computer system.
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