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(7) ABSTRACT

A pulse code modulation modem system is configured to
transmit data from a first modem to a second modem over
the public switched telephone network (PSTN). The PSTN
employs robbed bit signaling (RBS) such that symbols
affected by RBS arrive at the second modem in a periodic
manner based on a period of six symbols. The modem
system is configured such that signal segments are formatted
and transmitted with six symbols per segment. After obtain-
ing symbol synchronization, the second modem initializes a
modulo-6 symbol counter such that the zero count corre-
sponds to the first symbol of each received signal segment.
Those symbols affected by RBS are identified and analyzed
to determine optimized signal point constellations that may
be used to compensate for the RBS on a symbol-by-symbol
basis during subsequent encoding and decoding. Upon a loss
of synchronization, the second modem resets its modulo-6
counter in response to the detection of the first symbol in a
subsequent signal segment. In this manner, the modem
system can again use the optimized signal point constella-
tions determined previously.

18 Claims, 5 Drawing Sheets
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METHOD AND APPARATUS FOR
SYNCHRONIZING A DATA
COMMUNICATIONS SYSTEM TO A
PERIODIC DIGITAL IMPAIRMENT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

The present invention relates generally to synchronization
techniques used in data communication systems, e.g.,
modem systems, that transmit data between remote loca-
tions. More specifically, the present invention relates to a
synchronization technique for use with a data communica-
tion system that introduces digital impairments, such as
robbed bit signaling, to a transmit signal.

BACKGROUND OF THE INVENTION

Digital communication systems, such as modem systems,
are well known in the prior art. Such systems typically
employ timing recovery techniques that are utilized to
recover the symbol rate at which the data is transmitted.
Such systems also use synchronization techniques that are
utilized to align the receiver clock with the transmitter clock.
Synchronization signals are often transmitted near the begin-
ning of a “handshaking” procedure, during a receiver train-
ing procedure, or periodically during data transmission (to
resynchronize the receive modem with the transmit modem).
The prior art is replete with various timing recovery and
synchronization techniques; several timing recovery
schemes are discussed in Lee & Messerschmitt, DIGITAL
COMMUNICATION, pp. 737-764 (2d ed. 1996), the con-
tents of which are incorporated herein by reference.

The current 56 kbps modem systems take advantage of
the digital nature of the public switched telephone network
(PSTN). The theoretical maximum data rate of 64 kbps per
channel may not be realized in conventional 56 kbps modem
systems that employ robbed bit signaling (RBS) to facilitate
control signaling between network nodes. A particular data
transmission may pass through a number of network nodes;
each link may introduce RBS such that several bits are
eventually robbed from the originally transmitted data code-
words. The modem system can partially compensate for this
type of digital impairment if it can identify the affected bits
or the affected codewords.

For a given link in a 56 kbps modem transmission, RBS
typically removes the least significant bit from the transmit-
ted PCM codeword and replaces the bit with signaling
information. The robbed bits are commonly forced to “ones”
by the central offices, which effectively reduces the number
of signal points in the signal point constellations utilized to
decode the codewords affected by RBS. If the receiving
modem can identify those symbols affected by the RBS, then
different signal point constellations may be employed in a
symbol-by-symbol basis to optimize performance and com-
pensate for the RBS. Accordingly, a technique for synchro-
nizing the receive modem to the RBS is needed to facilitate
the application of signal point constellations to RBS-tainted
symbols.

In current 56 kbps modem systems, RBS may occur in
any given network link. In addition, symbols may be trans-
mitted as a “continuous” stream or arranged in a number of
signal segments or data frames having a particular number
of symbols per segment or frame. The receive modem is
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2

configured to obtain and maintain synchronization with the
transmit modem or network clock for purposes of timing and
proper decoding. Present systems may utilize a special
synchronization signal format or a symbol counting tech-
nique to monitor occurrences of RBS on a symbol-by-
symbol basis. However, such techniques may break down if
the receiver modem loses synchronization with the transmit
modem. When such a receiver modem regains proper
synchronization, it may not be possible to readily identify
those symbols affected by RBS; the receiver modem may
apply RBS-correcting signal point constellations where such
correction is unnecessary. Untimely use of such corrective
measures may introduce an undesirable number of decoding
errors.

Therefore, a technique is needed to address the above
disadvantages and shortcomings of prior art 56 kbps modem
systems.

SUMMARY OF THE INVENTION

Accordingly, it is an advantage of the present invention
that an improved synchronization procedure for use in a data
communication system is provided.

Another advantage of the present invention is that it
provides a mechanism for synchronizing a receive modem to
a digital impairment, such as robbed bit signaling (RBS),
that is introduced to the transmit signal.

Another advantage is that the present invention provides
for a modem system that obtains RBS synchronization upon
receiver/transmitter synchronization.

A further advantage is that RBS synchronization may be
easily reestablished subsequent to a loss of receiver/
transmitter synchronization.

Another advantage of the present invention is that the
modem system can employ corrective signal point constel-
lations to encode and decode RBS-tainted symbols in a
reliable manner.

The above and other advantages of the present invention
are carried out in one form by a synchronization method for
use in a data communication system having a first device
configured to communicate with a second device, where the
communication network between the two devices introduces
digital impairments to a transmit signal such that the digital
impairments arrive at the second device in a periodic manner
based on a period of N symbols. The method may begin by
transmitting a plurality of signal segments from the first
device to the second device, where each of the signal
segments is represented by an integer multiple of N symbols.
The second device then obtains synchronization associated
with symbols transmitted by the first device.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention
may be derived by referring to the detailed description and
claims when considered in connection with the Figures,
where like reference numbers refer to similar elements
throughout the Figures, and:

FIG. 1 is a block diagram of an exemplary 56 kbps pulse
code modulation (PCM) modem environment;

FIGS. 2—4 depict exemplary transmit signals with sym-
bols affected by RBS;

FIG. § is a block diagram of an exemplary modem system
in which the synchronization techniques of the present
invention may be incorporated;

FIG. 6 is a flow diagram of an RBS synchronization
process that may be carried out by the modem system shown
in FIG. 5; and
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FIG. 7 is a flow diagram of a resynchronization process
that may be performed by the modem system shown in FIG.
5.

DETAILED DESCRIPTION OF PREFERRED
EXEMPLARY EMBODIMENTS

FIG. 1 shows an exemplary 56 kbps pulse code modula-
tion (PCM) based modem environment in which the present
invention may operate. An internet service provider (ISP) or
central site 100 is digitally connected to a telephone network
130 through a transmitter 110 and a receiver 120 resident at
an ISP modem 124. Telephone network 130 is connected to
a local loop 150 through a central office line card 140. Line
card 140 typically has a PCM codec (not shown) imple-
mented therein. Local loop 150 is connected to a user’s
personal computer (PC) 170 at the user’s site through the
user’s modem 160. As can be appreciated by those skilled in
the art, the connection between transmitter 110 to telephone
network 130 is a digital connection with a typical data rate
of about 64 Kbps. Since the parameters of telephone net-
work 130 and line card 140 are dictated and set by the
telephone company’s specifications and operation (and par-
ticularly their use of the u-law signal point constellation),
transmitter 110 needs to transmit the digital data in a
particular format to fully exploit its digital connection to
telephone network 130. Those skilled in the art will appre-
ciate that the system depicted in FIG. 1 may employ any
number of known signal processing, coding, and decoding
techniques related to, e.g., u-law signal point constellations,
shell mapping, spectral control, equalizer training, and the
like. For the sake of brevity, such known techniques and
systems are not described in detail herein. It should also be
noted that the principles of the present invention are not
limited to modem applications and that the present invention
may be suitably modified or configured for deployment in
any number of data communication systems.

Generally, the typical PCM modem system formats digital
data for transmission from ISP modem 124 to user modem
160, where the digital data is retrieved for use by PC 170.
The data may be arranged into data symbols and encoded via
any number of techniques such as u-law mapping. The data
symbols may then be further processed with spectral control
or other signal conditioning schemes prior to being trans-
mitted as one or more signal segments at a particular symbol
rate to telephone network 130. User modem 160 eventually
receives the data symbols and thereafter decodes the data to
obtain the original digital data. To function efficiently, user
modem 160 should be synchronized with ISP modem 124.
Consequently, user modem 160 may include a timing recov-
ery scheme that recovers the transmitted symbol rate and
synchronizes the receiver at user modem 160 with transmit-
ter 110.

Due to the digital nature of telephone network 130 and the
design of current 56 kbps modem systems, digital impair-
ments may be present within a data communication channel.
For example, present 56 kbps modem systems may employ
techniques to compensate for robbed bit signaling (RBS)
which may occur in the digital links within telephone
network 130. Although in theory 64 kbps may be allocated
for any given channel, some of the bits may be “robbed” and
replaced with data for use with control signaling on a link
between network nodes. Each data symbol typically
includes a 7-bit PCM codeword and a sign bit; the robbed
bits are periodically taken from the least significant bit
positions associated with the transmitted PCM codewords.
The central office codec may assign “ones” to the robbed bits
for purposes of decoding. Thus, unless otherwise compen-
sated for, RBS can introduce decoding errors to the trans-
mitted data.

10

15

20

25

30

35

40

45

50

55

60

65

4

Any given communication channel may be susceptible to
any number of robbed bits associated with multiple network
links within telephone network 130. For example, for a
given network link, RBS may occur once every sixth PCM
codeword, i.e., once every sixth symbol. On a subsequent
link, another symbol position may be affected by RBS. FIG.
1 depicts an exemplary signal segment 174 transmitted by
ISP modem 124 (for purposes of this example, signal
segment 174 is six symbols long). For the particular end-
to-end channel between ISP modem 124 and user modem
160, telephone network 130 may introduce RBS with
respect to any number of symbols associated with signal
segment 174. In this example, RBS has occurred at symbol
positions 1 and 3, as indicated in signal segment 176. It
should be appreciated that the present invention is not
limited to any specific signal segment length and that the
specific symbol locations associated with RBS may differ
than that shown and described herein.

In accordance with the present invention, telephone net-
work 130 operates such that symbols affected by RBS arrive
at user modem 160 in a periodic manner based on a period
of N symbols. Thus, for the example shown in FIG. 1, RBS
would occur every six symbols for symbol positions 1 and
3. FIG. 2 depicts an exemplary transmit signal formatted as
a continuous stream of symbols. As shown, the RBS occur-
ring at the first symbol periodically occurs every sixth
symbol, i.e., at the seventh symbol, the thirteenth symbol,
and so on. Likewise, the RBS occurring at the third symbol
periodically occurs every sixth symbol, i.e., at the ninth
symbol, the fifteenth symbol, and so on. The present inven-
tion takes advantage of this periodic nature of the RBS by
defining and formatting all transmitted signal segments such
that they are represented by an integer multiple of N
symbols, where N is the period of RBS occurring at user
modem 160 (although not a requirement of the present
invention, the preferred exemplary embodiment described
herein operates with N=6 for compatibility with the RBS
period found in current 56 kbps modem systems).

FIG. 3 depicts an exemplary transmit signal defined by a
plurality of signal segments, each having a length of six
symbols. As shown, the periodic nature of the RBS, in
conjunction with the arrangement of the signal segments,
ensures that the symbol positions affected by the RBS are
repeated for each six-symbol signal segment. In other words,
the RBS-tainted symbols are the first and third symbols of
each signal segment. It should be noted that the principles of
the present invention are applicable to transmit signals that
are defined by any integer multiple of N symbols, e.g., an
integer multiple of six for the above examples. FIG. 4
depicts another exemplary transmit signal defined by a
plurality of twelve-symbol signal segments. In this example,
the RBS-tainted symbols occur at the first, third, seventh,
and ninth symbols of each signal segment. In general, the
present invention takes advantage of this periodic charac-
teristic to simplify the synchronization process with respect
to RBS and to effectively identify and compensate for those
symbols affected by RBS.

FIG. 5 is a block diagram of a preferred exemplary
modem system 500 that incorporates the synchronization
features of the present invention; it will be appreciated,
however, that the present invention can be implemented in
combination with any number of different synchronization,
timing recovery, and other signal processing techniques
known in the art. For example, many suitable techniques are
described in Lee & Messerschmitt, DIGITAL COMMUNI-
CATION (2d ed. 1996), which is incorporated herein by
reference. Accordingly, the particular implementations
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shown and described herein are merely exemplary and are
not intended to limit the scope of the present invention in
any way. Indeed, for the sake of brevity, various timing
recovery, automatic gain control (AGC), synchronization,
training, decoding, and other techniques employed by
modem system 500 may not be described in detail herein.

It should be appreciated that the functional blocks
depicted in FIG. 5 are merely exemplary and are not
intended to represent physical limitations of modem system
500. These, and other functional elements of modem system
500, may be implemented with any number of semiconduc-
tor devices, including memory elements configured to store
data, functional parameters, software instructions, and other
information, and microprocessors configured to carry out the
various processes described herein. Furthermore, modem
system 500 may include conventional hardware or software
elements configured to perform well known operations
related to digital signal processing and/or data transmission;
such elements are not described in detail herein.

Generally, modem system 500 includes a first modem,
e.g., modem 502, and a second modem, e.g., modem 504.
Modems 502, 504 are generally configured in accordance
with known principles to communicate via the public
switched telephone network (PSTN) 506. In current 56 kbps
modem systems, PSTN 506 typically introduces RBS to a
number of transmitted symbols, as described above.

First modem 502 may include a processor/controller 514
configured to carry out various tasks associated with the
operation of modem 502. Although not shown, modem 502
may incorporate additional processors or control elements as
necessary to suitably support its operation. Processor/
controller 502 may suitably interact with other functional
components of modem 502 to thereby access and manipulate
data or monitor and regulate the operation of modem 502.

First modem 502 preferably includes an encoder 508
configured to encode digital data in accordance with the
particular encoding protocol employed by modem system
500. For example, u-law or A-law encoding techniques are
used in conventional modem systems in accordance with
well-established standards. The output signal generated by
encoder 508 may include information for transmission dur-
ing a data mode, synchronization or training signals for
transmission during an initialization mode, or control or
other signaling data employed by modem system 500. A
signal point constellation database 510 may be associated
with encoder 508, as depicted in FIG. 5. It should be
appreciated that database 510 need not be an integral part of
encoder 508 and that modem 502 may implement database
510 in a different manner than that shown. As described in
more detail below, database 510 may be employed by
modem 502 to store a plurality of signal point constellations
associated with specific symbol positions within a segment.
Such constellations are suitably used to facilitate the trans-
mission of signal segments from modem 502 to modem 504.
For example, compensating signal point constellations may
be derived and stored for use during encoding and decoding
of signal points associated with RBS to optimize the per-
formance of modem system 500 in the presence of RBS.

Modem 502 includes a transmitter 512, which is config-
ured to transmit encoded data symbols in accordance with
general PCM techniques. In accordance with one aspect of
the present invention, modem 502 is configured to transmit
signal segments that have been formatted such that each
signal segment is represented by an integer multiple of N
symbols, where N is the period with which RBS-tainted
symbols repeat at modem 504 (as described above).
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Processor/controller 514 may be configured to perform such
formatting to ensure that each signal segment is a multiple
of N symbols long. In addition, modem system 500 may be
governed by applicable standards such that certain signals,
e.g., predetermined training signals, control signals, and the
like, are defined to be a multiple of N symbols long. In
accordance with one aspect of the present invention, a period
of silence may be transmitted by modem 502 in the form of
one or more signal segments having a multiple of N “zero”
symbols.

Modem 502 may employ a symbol or segment counter
516 to monitor the relative symbol positions associated with
signal segments transmitted by modem 502. Counter 516
may be employed to enable encoder 508 to associate par-
ticular signal point constellations with different symbol
counts within a segment. In one embodiment where signal
segments are represented by six symbols, counter 516 may
be configured as a modulo-6 counter. Counter 516 may be
configured to function in accordance with any number of
known digital signal processing techniques.

Modem 502 includes a receiver 518, which may be
configured in accordance with conventional modem tech-
nology. Receiver 518 is configured to receive data from
modem 504; such data may include encoded information
bits, control signals, functional parameters or identifiers, and
any other data employed by conventional modem systems.
For example, and as described in more detail below, modem
504 may be configured to send information indicative of
optimized signal point constellations to modem 502 for use
during transmission of subsequent signal segments. Of
course, modem 502 may employ any suitable alternative
device or technique for receiving the optimized signal point
constellations from modem 504. A decoder 520 may be used
to decode any signals transmitted by modem 504 to modem
502, including the signal that conveys the optimized con-
stellations.

Signal segments are suitably transmitted over a forward
channel to modem 504 in accordance with conventional
transmission techniques. As described above, signal seg-
ments transmitted through PSTN 506 may be subject to RBS
in any number of network links. Eventually, the signal
segments are received at a receiver 530 located at modem
504; modem 504 processes the received signals to obtain the
original digital data encoded by modem 502. It should be
noted that receiver 530 may include any number of addi-
tional components (that may be known in the art) for
decoding, gain control, timing recovery, equalization,
conditioning, or other processing of the received signal.

Like modem 502, modem 504 may include a processor/
controller 536 configured to carry out various tasks associ-
ated with the operation of modem 504. Processor/controller
536 may suitably interact with other functional components
of modem 504 to access and manipulate data or monitor and
regulate the operation of modem 504. For example,
processor/controller 536 may be configured to operate in
conjunction with a decoder 532 to suitably decode the
received symbols in accordance with the same encoding
scheme employed by encoder 508. Decoder 532 may be
configured in accordance with known signal processing
techniques. As with encoder 508, decoder 532 may have a
signal point constellation database 534 associated therewith.
Database 534 is preferably utilized to store different signal
point constellations that may be optimized for use with
particular symbol counts within a given signal segment. In
accordance with the present invention, the same optimized
signal point constellations may be used for encoding and
decoding of individual symbols when modem 504 is syn-
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chronized with modem 502 and when counters 516 and 538
are aligned. This enables modem system 500 to effectively
compensate for RBS or channel characteristics on a symbol-
by-symbol basis.

A symbol counter, such as a modulo-6 symbol counter
538, is preferably utilized to enable modem 504 to correctly
apply the appropriate signal point constellation to the
received symbols. To enable synchronized operation of
encoder 508 and decoder 532, processor/controller 536 may
initialize or reset counter 538 in accordance with a synchro-
nization scheme 540 performed by modem 504. It should be
noted that synchronization scheme 540 may perform any
number of conventional synchronization techniques known
to those skilled in the art and that the present invention is not
limited to any particular synchronization methodology. In
the preferred embodiment, synchronization scheme 540 may
suitably detect one or more synchronization signal segments
transmitted by modem 502 during a start-up period or during
a re-synchronization procedure.

After detection of such a synchronization signal, modem
504 may reset counter 538 in response to receipt of an initial
signal segment transmitted after the synchronization signal.
For example, modem 504 may reset counter 538 upon or
after receipt of a first symbol of a subsequent signal segment
that follows the initial segment. Alternatively, the resetting
of counter 538 may be prompted by the detection or receipt
of any suitable reference-position symbol (i.e., other than
the first symbol) associated with the initial signal segment or
associated with a subsequent signal segment. Of source, use
of a different reference symbol position may require addi-
tional processing to compensate for any applicable offset
between counters 538 and 516. Resetting counter 538 based
upon a subsequent signal segment may be desirable in
applications where it is difficult to accurately or efficiently
detect the first symbol of the initial signal segment imme-
diately received after the synchronization signal. Eventually,
when modem 504 is synchronized with modem 502, counter
538 will maintain a symbol count consistent with modem
502.

Once modem 504 is synchronized with modem 502,
processor/controller 536 may also serve to designate which
signal point constellation should be used by decoder 532 to
decode the current symbol. As described above, modem 502
preferably encodes data using signal point constellations
(that may differ from one another) that have been optimized
to compensate for RBS. Consequently, to avoid introducing
decoding errors, modem 502 and modem 504 should use the
same constellations on a symbol-by-symbol basis. It should
be noted that the constellations may also be optimized
according to any number of channel characteristics, the
particular configuration of receiver 530, or the use of digital
pads. In the context of the present invention, a “digital pad”
may be a circuit configuration or a digitally implemented
process applied to the transmitted codewords that emulates
the effect of an analog attenuator. For example, a digital pad
may employ digital techniques such as conversion tables to
transform a codeword representing a given signal point
magnitude into a different codeword representing a reduced
signal point magnitude.

As described above, modem system 500 preferably uses
compensating constellations that are optimized in response
to the presence and effects of RBS. Accordingly, modem 504
may include an RBS detector/analyzer 540, which may be
configured in accordance with conventional methodologies.
RBS detector/analyzer 540 preferably detects the presence
of RBS in a received signal and determines the symbol
positions, relative to each of the received signal segments,
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where RBS was introduced by PSTN 506. RBS detector/
analyzer 540 (or any suitable functional component resident
at modem 504) may be further configured to derive, for each
symbol position that may be affected by RBS, the compen-
sating signal point constellation for use during subsequent
encoding and decoding of symbols located at that position.
The determination of the optimized signal point constella-
tions may be performed during transmission of one or more
known training or diagnostic signal segments (after modem
504 has been synchronized with modem 502).

Once modem 504 has determined the preferred signal
point constellations for use during subsequent data
transmission, a transmitter 542 is preferably utilized to send
information indicative of the optimized signal point constel-
lations to modem 502. In the preferred embodiment, the
information transmitted by transmitter 542 is encoded prior
to transmission over PSTN 506. Upon receipt of this
information, modem 502 performs decoding and processing
to obtain the optimized signal point constellations for sub-
sequent use by encoder 508.

FIG. 6 is a flow diagram of an RBS synchronization
process 600 that may be performed by a modem system,
such as modem system 500. Process 600 may be performed
in addition to, or as an integral part of, one or more other
processes related to the overall functionality of modem
system 500. Furthermore, process 600 merely illustrates
how the present invention may be implemented in an
exemplary modem system, the specific number and ordering
of tasks may not necessarily be as shown and described
herein.

Process 600 may begin with a task 602, during which
modem 504 is synchronized to modem 502. In the preferred
embodiment, a predetermined synchronization signal is
transmitted from modem 502 during a start-up period;
modem 504 may also be trained during this period. Although
not a requirement of the invention, the synchronization
signal may be formatted into segments each having N
symbols, where N is a multiple of the RBS period as
described above.

Following task 602, a task 604 may be performed to cause
modem 502 to transmit a known signal having one or more
signal segments, each signal segment being represented by
an integer multiple of N symbols. For purposes of this
exemplary embodiment, N equals the RBS period of six
(common to current 56 kbps modem systems). In one
preferred embodiment, this known signal is configured in a
pseudo-random manner, which enables modem 504 to train
the equalizers (not shown) in receiver 530 and to train the
echo cancelers (not shown) in transmitter 512. Receiver 530
may also utilize this known signal to analyze the effects of
RBS, as described in more detail below in connection with
a diagnostic signal. Upon transmission of the first symbol of
the pseudo-random signal, counter 516 (see FIG. 5) is
preferably initialized (task 606) to begin monitoring the
symbol positions associated with each subsequent signal
segment.

After (or in response to) receipt of an initial segment
associated with the pseudo-random signal, a task 608 is
performed to initialize counter 538 associated with modem
504. As described above, the initialization of counter 538
may be delayed until one or more subsequent signal seg-
ments are received at modem 504 to ensure that counter 538
is accurately set to a zero state to identify the first symbol in
a signal segment. Consequently, this first symbol is associ-
ated with the same zero count maintained by counters 516
and 538 located at modems 502 and 504, respectively. In this
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respect, counter 538 may be considered to be synchronized
or aligned with counter 516. As described above, counter
538 is preferably a modulo-6 counter in the exemplary
embodiment; counter 538 automatically resets itself after
counting six symbols. Thus, as long as modem 502 contin-
ues to transmit signal segments having six symbols, counter
538 will properly track counter 516.

The above counting scheme is preferably maintained
regardless of the information conveyed by each symbol. For
example, the present invention is configured such that peri-
ods of silence (e.g., symbols with all bits set to zero, symbols
corresponding to signal points having the lowest magnitude
relative to other signal points used in the current
constellation, or the like) may be transmitted as one or more
signal segments (the only requirement is that the signal
segment contain the appropriate number of symbols). In
contrast, prior art systems that rely solely upon clock esti-
mation techniques may not function effectively during peri-
ods of silence. Such prior art systems may not be able to
accurately maintain a symbol count during long or arbitrary
periods of silence. For example, to resume transmission after
an arbitrary period of silence, prior art systems may perform
a resynchronization process to align the receiver with the
transmitter and a subsequent resynchronization process to
align the RBS-framing with that of the transmitter. A prior
art system that employs symbol counters must re-align the
transmitter and receiver counters by, e.g., transmitting a
reference sequence to reset the counters or performing a
suitable reinitialization procedure.

In contrast to such prior art systems, if clock synchroni-
zation has been maintained by modem system 500 through-
out a period of silence, then no further synchronization
processes are required because counters 516 and 538 will
have preserved their alignment during the silence. If,
however, clock synchronization is not maintained, then
receiver 530 may first resynchronize its clock, then align
counter 538 to counter 516 by detecting a transition from
one segment to another using the techniques described
below in connection with process 700.

After counter 538 has been initialized, a diagnostic signal
containing at least one signal segment may be transmitted
from modem 502 to modem 504 (task 610). Each diagnostic
signal segment is formatted in accordance with the above
principles; in this example, each diagnostic signal segment
is a multiple of six symbols long. It should be appreciated
that any diagnostic signal having suitable characteristics
may be transmitted during task 610. For example, the
preferred embodiment employs a diagnostic signal that
contains most of the y-law codewords likely to be used for
the particular transmission. Thus, an exemplary diagnostic
signal may include more than 100 symbols representing
various constellation signal points. It should be noted that
the particular format of the diagnostic signal may vary from
system to system. The diagnostic signal is received by
modem 504 and analyzed during a task 612.

During task 612, RBS detector/analyzer 540 (see FIG. 5)
suitably detects the effect of RBS in the received signal
segments and determines the symbol positions (if any)
where RBS was introduced to the signal. Due to the periodic
nature of the RBS, detector/analyzer 540 need only deter-
mine the RBS-affected symbol positions in any one signal
segment; all other signal segments should be similarly
affected. Task 612 may employ any number of conventional
detection schemes known to those skilled in the art. Counter
538 may be accessed or monitored during task 612 to
suitably identify the symbol count associated with RBS-
tainted symbols. A task 614 may also be performed to derive
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optimized signal point constellations for use during subse-
quent encoding and decoding of symbols processed by
modem system 500. One form of optimized constellation is
a compensating constellation for use during encoding and
decoding of symbols affected by RBS. Other optimized
constellations may be derived in response to conventional
line probing techniques that determine transmission charac-
teristics of the current channel. Task 614 is preferably
performed to derive a constellation for each symbol position
associated with the formatted segment length, e.g., six for
the example described herein. The different signal point
constellations for the various symbol positions may be
stored in database 534. It should be noted that modem
system 500 need not employ a unique signal point constel-
lation for each symbol position.

For purposes of the present invention, task 614 may
“derive” the optimized signal point constellations by ana-
lyzing the RBS information obtained in connection with the
diagnostic signal and selecting from a group of predeter-
mined constellations. In this manner, any number of opti-
mized signal point constellations can be stored at modem
504; such stored constellations may be optimized in accor-
dance with any number of factors such as the transmit power
level, the use of digital pads and the amount of attenuation
caused by the digital pads, the location of digital pads
relative to where RBS is introduced, and other known
sources of digital impairments. Accordingly, modem system
500 need not individually determine new signal point con-
stellations for each transmit session.

Following task 614, a task 616 may be performed to cause
modem 504 to send information indicative of the optimized
signal point constellations, and their corresponding symbol
positions, to modem 502. Processor/controller 536 may be
configured to format the data into a form suitable for
encoding and transmission by transmitter 542. Such tech-
niques are generally known in the digital signal processing
field. The information is eventually received by receiver 518
at modem 502, decoded by decoder 520, and appropriately
processed. In the preferred embodiment, the particular signal
point constellations, with their corresponding symbol
positions, are stored in database 510 for subsequent use
during encoding.

A task 618 may be subsequently performed to cause
modem system 500 to employ the compensating signal point
constellations in the periodic manner with which RBS is
introduced into the transmit signal. In other words, if the
current channel causes RBS to be present in the first and
third symbol positions when received at modem 504, then
the appropriate signal point constellations “assigned” to the
first and third symbol positions will be used whenever those
particular symbols are encoded and decoded. As described
above, other optimized constellations may be employed in
this periodic manner, whether or not they compensate for the
presence of RBS.

The present invention takes advantage of the periodic
nature of RBS within signal segments received at modem
504 to effectively compensate for the RBS. In modem 504
remains synchronized with modem 502, then the occurrence
and affect of RBS within a signal segment can be predictable
on a symbol-by-symbol basis (as long as the signal segments
are consistently arranged to have the specified number of
symbols). However, in practical modem systems, synchro-
nization may be lost from time to time. Prior art modem
systems may require a reanalysis of the channel character-
istics or the effects of RBS upon resynchronization to
redetermine the individual signal point constellations. In
contrast, in accordance with one aspect of the present
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invention, if modem 504 loses and thereafter regains
synchronization, the symbol locations affected by RBS
remain unchanged and the same optimized signal point
constellations may be utilized as though synchronization
was never lost. This feature enables modem system 500 to
regain an optimized transmission mode in a reduced amount
of time compared to prior art modem systems.

FIG. 7 is a flow diagram that depicts a resynchronization
process 700 that may be performed by modem system 500
when modem 504 loses synchronization with modem 502.
The following description of process 700 assumes that
modem 502 maintains “synchronization” with its symbol
counter 516 and/or a network counter (not shown) at all
times. Process 700 may begin with a task 702, during which
modem 504 regains symbol synchronization with modem
502. Those skilled in the art will recognize that task 702 may
be initiated by modem 504 upon a determination that the
initial synchronization has been lost. Various renegotiation,
signaling, and conventional symbol resynchronization pro-
cedures may be performed by modem system 500 to enable
modem 504 to regain symbol synchronization with modem
502.

Following task 702, the symbol timing of modem 504 is
preferably aligned with modem 502. However, the respec-
tive symbol counters 538 and 516 may not be operating in
a synchronized manner. If symbol counters 538 and 516 are
not aligned, then the various optimized signal point constel-
lations will not be applied in a consistent manner during
encoding and decoding. Accordingly, a task 704 is prefer-
ably performed to cause modem 502 to transmit one or more
repetitions of a known signal segment (having six symbols
in accordance with the above example). In an exemplary
embodiment, this known signal segment may be similar to
a V.34 Modulation Parameter (MP) sequence or any suitable
segment recognizable by modem 504. Task 704 may be
performed in response to the procedure described above in
connection with task 702.

Modem 504 eventually receives the known signal seg-
ment and determines its significance as a reference
sequence. Next, a task 706 is preferably performed, during
which modem 504 suitably identifies a reference-position
symbol of the known signal segment (or a reference-position
symbol of a subsequent signal segment). In the preferred
embodiment, task 706 identifies the first symbol of the
known signal segment. Modem 504 may employ conven-
tional techniques to perform task 706. For example,
processor/controller 536 (see FIG. 5) may recognize the
known signal segment and, consequently, determine the
appropriate symbol count corresponding to the symbols in
the known signal segment.

Preferably, after modem 504 identifies the first symbol of
the known signal segment, a task 708 is performed. Task 708
resets counter 538 in response to the identification of the first
symbol of the known signal segment. In other words, task
708 causes counter 538 to again associate the first symbol of
received signal segments with a zero count. Thus, following
completion of task 708, counter 538 is consistent with
counter 516 and modem 504 is resynchronized with modem
502 with respect to symbol timing and monitoring of symbol
positioning.

Following task 708, process 700 may end and modem
system 500 may proceed in accordance with the above
principles. Notably, the same optimized signal point con-
stellations obtained prior to the loss of initial synchroniza-
tion can be utilized during subsequent encoding and decod-
ing. This enables modem system 500 to take advantage of
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the consistent characteristics of the communication channel
and the effects of RBS, neither of which should substantially
vary during a given communication session over the same
end-to-end link. This aspect of the present invention allows
modem system 500 to efficiently establish a normal operat-
ing mode without having to perform a lengthy reanalysis of
the RBS symbol positions or a redetermination of the
optimized signal point constellations. It should be appreci-
ated that, during such renegotiation procedures, modem
system 500 may be configured to alter the data rate, which
results in the use of signal point constellations having more
or less signal points than before the renegotiation. In such a
situation, modem system 500 may utilize the RBS informa-
tion obtained during the previous analysis and apply such
information to derive or select the appropriate signal point
constellations for use with subsequent transmissions at the
new data rate. Again, the leveraging of the previously
obtained information enables modem system 500 to effi-
ciently determine optimized signal point constellations with-
out having to repeat the entire RBS analysis.

In summary, the present invention provides an improved
synchronization procedure for use in modem system. The
present invention provides a mechanism for synchronizing a
receive modem to a digital impairment, such as RBS, that is
introduced to the transmit signal. In accordance with one
aspect of the invention, a modem system can readily obtain
RBS synchronization upon synchronization of the receive
modem with the transmit modem. In addition, RBS syn-
chronization and a corresponding RBS compensation tech-
nique may be easily reestablished subsequent to a loss of
synchronization between the receive modem and the trans-
mit modem. An exemplary modem system employs correc-
tive signal point constellations to encode and decode RBS-
tainted symbols in a reliable manner.

The present invention has been described above with
reference to various exemplary embodiments. However,
those skilled in the art will recognize that changes and
modifications may be made to the preferred embodiments
without departing from the scope of the present invention.
For example, the particular signal segment format may differ
than that described herein. In addition, various signal seg-
ments have been referred to (e.g., synchronization signal,
subsequent signal segment, initial segment, MP sequence)
for the sake of convenience and to better describe the
invention. However, those skilled in the art will appreciate
that these designations in no way limit the practical appli-
cation of the invention. These and other changes or modi-
fications are intended to be included within the scope of the
present invention, as expressed in the following claims.

What is claimed is:

1. A synchronization method for use in a data communi-
cation system having a first device configured to commu-
nicate with a second device over a communication network,
said communication network employing robbed bit signal-
ing (RBS) such that symbols affected by RBS arrive at said
second device in a periodic manner based on a period of N
symbols, said method comprising the steps of:

transmitting a plurality of signal segments from said first

device to said second device, each of said signal
segments being represented by an integer multiple of N
symbols;

receiving said signal segments at said second device;

synchronizing said second device to symbols transmitted

by said first device;

initializing a modulo-N symbol counter at said second

device in response to receipt of an initial signal seg-
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ment by said second device, said modulo-N symbol
counter being synchronous to a symbol count associ-
ated with said signal segments;

detecting the effect of RBS in a received signal segment,
said detecting step being performed by said second
device;

determining at least one symbol position, relative to said
received signal segment, where RBS was employed by
said communication network;

identifying a reference-position symbol of one of said
signal segments after loss of an initial symbol synchro-
nization between said second device and said first
device; and

resetting said modulo-N symbol counter in response to

said identifying step.

2. A method according to claim 1, further comprising the
step of deriving, for each of said at least one symbol
position, a compensating signal point constellation for use
during subsequent encoding and decoding of symbols
affected by RBS.

3. A method according to claim 1, wherein N=6.

4. A method according to claim 1, wherein said transmit-
ting step transmits signal segments having N symbols.

5. A method according to claim 1, wherein said initializ-
ing step initializes said modulo-N symbol counter in
response to receipt of the first symbol of a subsequent signal
segment that follows said initial signal segment.

6. A method according to claim 1, wherein said initializ-
ing step initializes said modulo-N symbol counter after
receipt of a reference position symbol of said initial signal
segment.

7. In a data communication system having a first device
configured to transmit data to a second device, a method for
compensating for digital impairments in a transmit signal,
where said digital impairments arrive at said second device
in a periodic manner based on a period of N symbols, said
method comprising the steps of:

formatting a plurality of signal segments such that each of
said signal segments is represented by an integer mul-
tiple of N symbols;

starting a first symbol counter at said first device upon
transmission of a first symbol associated with one of
said signal segments;

transmitting said signal segments from said first device to
said second device;

initializing a second symbol counter at said second device
after receipt of said first symbol by said second device;

utilizing compensating signal point constellations, in
response to said second symbol counter, for symbols
affected by digital impairments;

detecting the first symbol of one of said signal segments
after loss of an initial symbol synchronization between
said second device and said first device; and

resetting said second symbol counter in response to said

detecting step.

8. A method according to claim 7, further comprising the
step of determining at least one symbol position, relative to
each of said signal segments, where a digital impairment
was introduced, said determining step being responsive to
said initializing step.
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9. A method according to claim 7, wherein said digital
impairment comprises robbed bit signaling (RBS).

10. A method according to claim 7, further comprising the
step of selecting a plurality of optimized signal point con-
stellations associated with different states of said second
symbol counter, said selecting step being performed by said
second device.

11. A method according to claim 10, further comprising
the step of sending information indicative of said optimized
signal point constellations from said second device to said
first device.

12. A method according to claim 7, wherein said second
symbol counter comprises a modulo-N symbol counter.

13. A method according to claim 7, wherein:

said first symbol is associated with an initial signal

segment; and

said initializing step initializes said second symbol

counter in response to receipt of a first symbol of a
subsequent signal segment that follows said initial
signal segment.
14. A synchronization method for a communication device
connected fo a communication network employing robbed
bit signaling (RBS), such that symbols affected by RBS
arrive at the communication device in a periodic manner
based on a period of N symbols, the method comprising the
steps of:
receiving a plurality of signal segments at the communi-
cation device with each of the signal segments being
represented by an integer multiple of N symbols;

synchronizing the communication device to the integer
multiple of N symbols;

initializing a modulo-N symbol counter in the communi-

cation device in response to receipt of an initial signal
segment by the communication device, the modulo-N
symbol counter being synchronous to a symbol count
associated with a signal segment of the plurality of
signal segments;

detecting the effect of RBS in a received signal segment of

the plurality of signal segments;

determining an at least one symbol position, relative fo

the received signal segment, where RBS was employed
by the communication network;
identifying a reference-position symbol of one of the
signal segments after loss of an inifial symbol synchro-
nization with the communication network; and

resetting the modulo-N symbol counter in response to the
identifying step.

15. The method of claim 14, further comprising the step
of deriving, for each of the ar least one symbol position, a
compensating signal point constellation for use during sub-
sequent encoding and decoding of symbols affected by RBS.

16. The method of claim 14, wherein N=6.

17. The method of claim 14, wherein the initializing step
initializes the modulo-N symbol counter in response fo
receipt of the first symbol of a subsequent signal segment
that follows the initial signal segment.

18. The method of claim 14, wherein the inifializing step
initializes the modulo-N symbol counter after receipt of a
reference-position symbol of the initial signal segment.
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