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157) ABSTRACT

An embedded framing bit pattern in a serial bit stream is
located by combining the last bit to arrive of the serial
bit stream with a predetermined number of prior bits of
the serial bit stream which are spaced apart by the pitch
of the bits of the framing bit pattern, and this combina-
tion of the bits is tested to determine if the combination
matches part of the framing bit pattern. If a match does
not occur, then the bits which were combined together
are changed to a bit pattern that will not result in a
match when these bits (except for the eldest bit which is
disregarded) is combined again with a new bit of the
serial bit stream, no matter what the logic state of the
new bit. In this manner all of the bits, as they arrive and
are combined and tested, will eventually be changed
except the bits which are part of the framing bit pattern.

22 Claims, 1 Drawing Sheet
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METHOD AND APPARATUS FOR EXTRACTING A
PREDETERMINED PATTERN FROM A SERIAL

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

TECHNICAL FIELD

This mvention relates to methods for processing se-
nal bit streams of digital data, and more particularly to
methods for extracting a predetermined bit pattern from
a senal bit stream.

BACKGROUND OF THE INVENTION

Digital data transmission over a relatively long dis-
tance is usually transmitted over a single transmission
channel in a serial bit stream format. In this format
digital data, which usually uses eight, sixteen or thirty-
two bits to represent a value or character, is transmitted
serially, bit by bit, so that every eighth, sixteenth or
thirty-second bit respectively is part of a new value or
character. |

An example of the use of serial data transmission is
the transmission of telephone communications which
have been digitized. Long distance transmission of digi-
tal telephone communications usually involve a process
of combining or multiplexing many telephone calls onto
one line. Several standards have been promuigated for
such multiplexed telephone transmissions, one of which
18 referred to as the T1 standard. Telephone communi-
cations (data) is transmitted as a serial bit stream at 1,544
megabits/second.

A subset of the T standard is the ESF standard as
described in AT&T Compatibility Bulletin No. 142,
“The Enhanced Superframe Format Interface Specifi-
cation” dated December, 1983, In the ESF standard,
the data is divided into blocks of data of 193 bits each,
and the first of each fourth block contains a predeter-
mined framing bit. These framing bits are taken from
the bit pattern 001011 so that the first framing bit is a 0
(zero) at the beginning of the fourth block, the second
framing bit (at the beginning of the eighth block) is also
a 0, the third framing bit (at the beginning of the 12th
block) 1s a 1 (one), the fourth framing bit (at the begin-
ning of the 16th block) is a 0, the fifth framing bit (at the
beginning of the 20th block) is a 1, and the sixth framing
bit (at the beginning of the 24th block) is a 1. Then the
patiern repeats so that the framing bit at the start of the
28th, 32th, 36th, 40th, 44th and 48th block is 001011
respectively.

During transmission of data using the T'1 standard, a
separate clock signal is not transmitted; only the serial
bit stream of data is transmitted. The receiver must
determine where the boundaries of each individual bit
occur in order to synthesize a clock signal which will be
locked in phase with the serial bit stream. Once the bit
timing has been established, the position of the framing
bit needs to be established in order to synchronize the
receiver with the transmitter. These framing bits are
embedded into the data stream to enable the receiver to
perform this synchronization since all of the other bits
are essentially random data to the receiver synchroniza-
tion circuit.

The synchronization process examines each bit of the
incoming serial data to find out if the bit is part of the
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framing pattern. This must be repeated 4,632 bits later
to see if the same pattern occurs since there is a finite
probability that the first pattern was a random data
pattern rather than the framing pattern. In practice this
framing pattern is constantly checked in order to verify
synchronization.

Of importance in the synchronization process is the
speed at which the framing pattern is identified since
data is not being properly decoded until the receiver is
properly in synchronization with the transmitter. Also
of importance, especially when the synchronization
circuitry is embodied in an integrated circuit, is the
amount of circuit space required for the synchroniza-
tion. The amount of circuitry required directly affects
the size of the integrated circuit (or portion of the inte-
grated circuit) needed for the synchronization.

Therefore, it can be appreciated that a synchroniza-
tion method which is relatively fast and that also uses a
relatively small area on an integrated circuit is highly
desirable.

SUMMARY OF THE INVENTION

It 1s therefore an object of this invention to provide a
method for synchronizing a receiver with a serial bit
stream containing embedded framing bits which is rela-
tively fast and which uses a relatively small area on an
integrated circuit.

Shown in an illustrated embodiment of the invention
Is an apparatus for locating the position of a bit framing
pattern 1n a serial bit stream which is received at a serial
data nput terminal and wherein each of the framing bits
is separated by P—1 bits of data. K logic-storage cir-
cuits are used, each having an input terminal and an
output terminal; the input terminal of the first logic-
storage circuit is coupled to the serial data input termi-
nal, the input terminal of the second logic-storage cir-
cuit is coupled to the output terminal of the first logic-
storage circuit, and the rest of the remaining K logic-
storage circuits are similarly connected to form a series
circuit in which the Kth logic-storage circuit is the last
circuit of the series circuits. Each of the K logic-storage
circuits receives a logic signal at its input terminal and
either sets the logic signal to a first or second logic state
or leaves the logic signal unaltered in response to a
comparator output signal. Each of the K logic-storage
circuit also stores the altered or unaltered logic signal
sequentially in P storage locations in synchronization
with the rate of arrival of the serial bit stream at the
serial data input terminal, and provides at the output
terminal the Pth prior altered or unaltered logic signal.

A comparison circuit coupled to the serial data input
terminal and to the output terminals of the K logic-stor-
age circuits determines if the bit of the serial bit stream
present at the input terminal in combination with the
altered or unaltered logic signals at the output terminals
of the first, second, ... Kth logic-storage circuit respec-
tively match any (K + 1)-bit sequences of the pattern
formed by concatenating two of the framing bit patterns
and provides the comparison output signal at an output
terminal indicating if a match occurs or not. If a match
does not occur, the K logic-storage circuits respond to
the comparison output signal by setting each of the
logic signals to the first or second logic state such that
the combination of a logic bit X and the altered logic
signals of the first, second, . . . and Kth logic-storage
circuits respectively would not match any sequence of
the bit pattern formed by concatenating two of the
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framing patterns where logic bit X can be either a log-
cal 1 or a logical 0. But if a match does occur, the logic
signals of the K logic-storage circuits are unaffected. A
counting circuit counts the number of matches which
occur during successive blocks of the serial bit stream
which arrive at the data input terminal, each of the
blocks being P bits in length.

As also shown in an illustrated embodiment of the
invention, the location of the framing bits of a framing
bit pattern embedded in a serial bit stream and separated
by P—1 bits of data can be determined by taking M
samples Py, P2, . . . Pasof the serial bit stream arriving at
an input terminal where P is the last bit to have arrived,
P is the bit of the serial bit stream which arrived P bits
prior to the P) bit, and Pas is the bit which arrived
(M —1) X P bits prior to the P; bit.

Next, it is determined if the bit pattern sequence Py .
.. Py matches any sequence of the bit pattern formed by
concatenating two of the bit framing patterns. If a
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match occurs, then a counter is incremented and the Py, 20

P, ... Py bits are changed to a bit pattern such that
the combination of a logic bit X (where logic bit X can
be either a logical 1 or a logical 0) and the channel Py,
P, ... Pa_1 bits would not match any sequence of the
bit pattern formed by concatenating two of the framing
patterns; alternatively, if a match does not occur, the
bits of the serial bit stream are left unaffected. Upon
arrival of the next bit of the serial bit stream at the input
terminal, M samples Py, P, . . . Pasare taken where P
is the last bit of the serial bit stream to have arrived at
the input terminal, Py is the bit of the senal bit stream
which arrived P bits prior to the Py bit unless the P2 bit,
when it was in the P} position, was previously changed,
and Pasis the bit which arrived (M — 1) X P bits prior to
the P bit unless the Pasbit, when it was in the P}, P2, .
.. Paps_20r Pas— 1 position, was previously changed. The
steps of this paragraph are repeated P—1 times.

The state of the counter is examined, and if the
counter is zero, the steps of the above two paragraphs
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are repeated. If the counter is one, then the location of 40

the framing bits has been identified, and if the counter is
more than one, the counter is reset and the steps of the
previous paragraph are repeated.

BRIEF DESCRIPTION OF THE DRAWINGS

The aforementioned and other features, charactens-
tics, advantages, and the invention in general, will be
better understood from the following more detailed
description taken in conjunction with the accompany-
ing drawings in which:

FIG. 1is a diagram of a serial bit stream showing the
framing bit positions under the ESF standard; and

FIG. 2 is a block diagram of a circuit for locating the
position of the framing bits embedded in the serial bit
stream of FI1G. 1 according to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Turning now to the drawings, the location of the
framing bits 10, 12, 14, 16, 18, 20 and 22 embedded in a
serial bit stream 24 according to the ESF standard is
shown diagrammatically in FIG. 1. Framing bits 10, 12,
14, 16, 18 and 20 form the pattern of 001011. This pat-
tern is then repeated with framing bit 22 being the first
framing bit of the next framing bit pattern. Between
each of the framing bits 10-22 are 771 data bits repre-
sented by element number 26. Thus a framing bit occurs
once and only once in each group of 772 successive bits
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4
of serial data. While the ESF standard is being used in
this discussion, it will be appreciated that other stan-
dards which use framing bits embedded in a serial data
stream are also applicable to the present invention.

A circuit for locating the position of the framing bits
embedded in the serial bit stream 24 of FIG. 11s shown
in FI1G. 2. The serial bit stream 24 is received at an input
terminal 30 which in turn is connected to a first mput
IN1 of a decoder circuit 32. Input terminal 30 is also
connected to one input of a first AND gate 34, the
output of which is connected to an input terminal IN of
a first shift register 36. An output terminal O of shift
register 36 is connected to a second input terminal IN2
of the decoder circuit 32. The O output terminal of shift
register 36 is also connected to one input of a second
AND gate 38, the output of which 1s connected to an
input terminal IN of a second shift register 40. An out-
put terminal O of shift register 40 is connected to a third
input terminal IN3 of the decoder circuit 32. The output
terminal O of shift register 40 is also connected to one
input of a third AND gate 42, the output of which 1is
connected to an input terminal IN of a third shift regis-
ter 44. An output terminal O of shift register 44 is con-
nected to a fourth input terminal IN4 of the decoder
circuit 32. Each of the shift register 36, 40 and 44 is 772
bits long.

A first output terminal OUT1 of the decoder circuit
32 is connected to a first input of an OR gate 46, the
output of which is connected to the second input termi-
nals of AND gates 34, 38 and 42, and also to an input
terminal IN of a noncycling counter circuit 48. A LSB
output terminal of the noncycling counter 48 is con-
nected to one input of another AND gate 50 and to an
inverting input of still another AND gate 52. A MSB
output of the noncycling counter 48 is connected to an
inverting input of the AND gate 50 and also to an in-
verting input of the AND gate 52. The output of the
AND gate 50 is connected to a D input of a latch circuit
84. The output of the AND gate 52 is connected to a D
input of another latch circuit 36.

The circuit of FIG. 2 has a reset input terminal 58 for
receiving a reset signal. The reset input terminal 58 is
connected to an input R of a cycling counter 60 and to
an input T of a clocked delay circuit 62, and to R inputs
of the latch circuits 34 and 56. The reset input terminal
88 is also connected to one input of an OR gate 64, the
output of which is connected to an R input of the non-
cycling counter 48. An output Q of the cycling counter
60 is connected to a second input of the OR gate 64, to
a C input of the clocked delay circuit 62, and to C inputs
of the latch circuits 54 and 56. A Q input of the clocked
delay circuit 62 is connected to a second input of the
OR gate 46 and to inverting inputs of AND gates 50 and
52.

The circuit of FIG. 2 also has an input for receiving
a clock signal CLK at node 66. The clock signal at node
66 is connected to C input terminals of the decoder
circuit 32, the cycling counter 60, and the shift registers
36, 40 and 44. The clock signal CLK is derived from the
serial bit stream by circuitry not shown in FIG. 2, but
known in the art, and provides a clock signal coincident
with the arrival of each bit of the serial bit stream 24 at
the input terminal 30.

An output Q of the latch circuit 56 is connected to an
output terminal 68. An output Q of the latch circuit 54
is connected to a second output terminal 70. The output
OUT1 of decoder circuit 32 is also connected to a third
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output terminal 72. An output OUT2 of the decoder
circuit 32 is connected to a fourth output terminal 74.
The circuit of FIG. 2 in accordance with the present
invention locates the position of the embedded framing
bits of a serial bit stream at input terminal 30 and

thereby enables a receiver (of which the circuit of FIG.

2 15 a part) to become synchronized with the serial bit
stream. This process is performed in the following man-
ner.

At the beginning of the synchronization process, shift
registers 36, 40 and 44 are allowed to become filled with
unaltered portions of the serial bit stream 24 which
passes through the input terminal 30. This is accom-
plished by applying a reset signal to the reset input
terminal 38. Upon receipt of the reset signal at its T
input, the clocked delay circuit 62 provides a logical 1
at its Q output until three clock signals have been re-
ceived at the C input of the clocked delay circuit 62.
This logical 1 level causes the output of OR gate 46 to
go to a logical 1 level which in turn causes the AND
gates 34, 38 and 42 to pass the logic levels at their inputs
to the inputs of the shift registers 36, 40 and 44 respec-
tively. The signal to the C input of the clocked delay
circutt 62 is provided by the Q output of the cycling
counter 60, which produces one clock signal at its Q
output for every 772 clock signals it receives at its C
input i.e., from CLK at terminal 66. In other words, the
cycling counter 60 puts out a pulse after it has counted
772 CLK signals corresponding to the arrival of 772 bits
of the serial bit stream 24 at the input terminal 30. The
clocked delay circuit 62 in turn provides a logical 1
level at its Q output until the C input of the clocked
delay circuit 62 has received three clock signals from
the cycling counter 60 for a total time equivalent to the
arrival of 2316 bits of the serial bit stream 24 at the input
terminal 30. Thus, when the Q output of the clocked
delay circuit 62 returns to the logical 0 level after a reset
operation, the shift registers 36, 40 and 44 will contain
unaltered portions of the serial bit stream 24 except for
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the last bit of shift register 44 which will become filled 40

with a bit of the serial bit stream 24 upon the arrival of
the next bit of the serial bit stream 24 at the input termi-

nal 30.
Thereafter, as each bit of the serial bit stream is re-

ceived at input terminal 30, such bit is combined with 45

the digital signals appearing at inputs IN2, IN3 and IN4
of decoder circuit 32, and the combination of the inputs
IN4, IN3, IN2 and IN1 are decoded to determine if they
match any sequence of two concatenated framing bit
sequences. If a match is found, the output OUT1 of
decoder 32 is set to a logical 1, and the bits of the serial
bit stream 24 present at the inputs of AND gates 34, 38
and 42 are passed unaltered to the IN inputs of the shift
registers 36, 40 and 44 respectively. But if a match is not
found, the output OUT]1 is set to a logical 0. The output
of the OR gate 46 also becomes a logical 0, causing the
AND gates 34, 38 and 42 to provide a Jogical O to each
of the IN inputs of the shift registers 36, 40 and 44 re-
spectively, thereby placing altered portions of the serial
bit stream 24 into the shift registers 36, 40 and 44. For
example 1if the serial bit stream at input terminal 30 is
configured according to the ESF standard as shown in
FIG. 1 (with the framing bit sequence 001011), then the
decoder circuit 32 will find a match if the digital signals
at inputs IN4, IN3, IN2 and IN1 respectively are 0010,
0101, 1011, 0110, 1100 or 1001. These combinations are

the six possible sequences of four bits formed by concat-
enated two framing bit patterns (i.e., 001011001011).
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The noncycling counter 48 counts the number of
matches which occur during the receipt of successive
772 bit blocks of the serial bit stream 24 at the input
terminal 30. The noncycling counter 48 is set to a zero
count (LSB output=MSB output=0) when it is reset
by a reset signal at its R input, and then increments to a
one count (LSB output=1, MSB output=0) when the
first match is detected after the reset, increments to a
two count (LLSB output=0, MSB output=1) when the
second match is detected after a reset, and increments to
a three count (LSB output=MSB output = 1) when the
third match is detected after a reset. However, further
matches after the third count do not change the state of
the LSB and MSB outputs of the noncycling counter
48. Stated another way, the noncycling counter 48 is set
t0 a zero count by a reset signal at its R input and then
counts the number of matches which occur through the
third match, but then stops counting until another reset
signal is received. If the noncycling counter 48 has a
count of one after a block of 772 bits, then the location
of the framing bit pattern has been uniquely located, and
the bit present at input terminal 30 when the next match
occurs will be a bit of the framing bit pattern. If the
noncycling counter 48 is zero at the end of a block of
772 bits, then the shift registers 36, 40 and 44 need to be
refilled with unaltered portions of the serial bit stream
24. If the noncycling counter 48 is greater than one at
the end of a block of 772 bits, then the synchronization
process continues with the bits of the serial bit stream,
both altered or unaltered, present in the shift registers
36, 40 and 44.

Circuitry for performing the match test function of
the decoder circuit 32 are well known in the art and are
omitted from FIG. 2 for simplicity. For example, the
circuitry for performing the match test could consist of
six AND gates having non-inverting and inverting in-
puts as appropriate to test for the six patterns set forth in
the previous paragraph. The outputs of the six AND
gates could be inputted to a six-input OR gate and the
output of the OR gate could be gated with the clock
pulse from the C input to produce the OUT1 output of
the decoder circuit 32.

As heretofore mentioned, each of the shift registers
36, 40 and 44 is 772 bits long in the preferred embodi-
ment. Since the outputs of each of the AND gates 34, 38
and 42 are connected to the IN inputs of shift registers
36, 40 and 44 respectively, each of the AND gate-shift,
register combinations 34-36, 3840 and 42-44 can be
regarded as logic-storage circuits. The outputs from the
three shift registers 36, 40 and 44 together with the most
recent bit of the serial bit stream appearing at input
terminal 30 form inputs IN1, IN2, IN3 and IN4 to the
decoder circuit 32; these inputs provide samples of the
serial bit stream 24 (either altered or unaltered) at bit
intervals corresponding to the bit intervals of the fram-
ing bit pattern 10, 12, 14, 16, 18 and 20 embedded in the
senal bit stream 24.

The circuit of FIG. 2 operates by detecting if a match
occurs in the decoder circuit 32. If a match occurs, then
the bit at the input terminal 30 and the three bits sepa-
rated from the bit at the input terminal 30 by multiples
of 772 may be part of the framing bit pattern. However
if a match does not occur, then the bit at the input termi-
nal 30 and the three bits separated from the bit at the
input terminal 30 by multiples of 772 are not part of the

framing bit pattern and are set to all logical 0’s. When
another 772 bits of the serial bit stream have passed
through the input terminal 30, then the IN1, IN2, IN3
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and IN4 inputs to the decoder circuit 32 will be X000
respectively, where X represents the logic level of the
bit presently at the input terminal 30. Advantageously,
the framing bit pattern according to the ESF standard
of FIG. 1 does not have three 0's in succession; there-
fore, regardless of what the logic level is of the bit at the
input terminal 30, the decoder circuit 32 will not find a
match, and the AND gate 34 will cause bit X at the
input terminal 30 to be stored in the shift register 36 as
a logical 0. In this manner, the circuit of FIG. 2 will
continue to not find matches for every incoming bit of
the serial bit stream 24 which is a multiple of 772 bits
from any previous non-match. Every bit in each block
of 772 bits is eventually determined not to be a match
except for the true framing bat.

It will be understood that the term “altered” for pur-
poses of this discussion means set 10 a predefined logical
level even if the bit was already at that logical level, For
example, the AND gates 34, 38 and 42 set the IN inputs
of the shift registers 36, 40 and 44 t0 a logical O level in
the preferred embodiment when a match 1s not detected
and thus “alters” the data even if some of the individual
bits were already at a logical O level.

To determine when there has only been one match in
a block of 772 bits of the serial bit stream 24, counter
circuit 48 counts the number of logical I's at the output
of the OR gate 46. The noncycling counter 48 counts up
from zero to three, but does not count above three or
cycle back to zero. The zero state can be set only by
resetting the counter with a logical 1 level applied to the
input terminal R of the noncycling counter 48. The
noncycling counter 48 is reset either by a reset com-
mand at reset terminal 58 or by a logical 1 signal from
the Q output of the cycling counter 60. This OR func-
tion occurs in OR gate 64. The LSB output of the non-
cycling counter 48 is connected to the noninverting
input of the AND gate 50, while the MSB output of the
noncycling counter 48 is connected to an inverting
input of the AND gate 50. Accordingly, a count of one
by the noncycling counter 48 causes a logical 1 signal to
be produced at the output of AND gate 30 (assuming
the circuit of F1G. 2 is not in a reset cycle with the Q
output of the clocked delay circuit 62 at a logical 1) and
to be applied to the input D of the latch 54; whereas a
count of zero, two or three causes a logical 0 to be
applied to the D input of latch 54.

As discussed previously, the cycling counter 60
counts through 772 states and produces a logical 1 Sig-
nal at its output terminal Q at the 772nd count. This Q
output is used to reset the noncyching counter 48 and
also to transfer the state at the D inputs to the Q outputs
of the latch circuits 54 and 56 each time the cycling
counter 60 reaches a count of 772. This operation of the
cycling counter in conjunction with the noncycling
counter 48 determines the number of matches 1n the
decoder circuit 32 for each successive block of 772 bits
of the serial bit stream 24; and, if the number matches is
only one, then the Q output of the latch 54 is set to a
logical 1, thereby indicating that the location of the

framing bits within the serial bit stream 24 has been
determined.

Once the location of the framing bit pattern has been
determined (by the presence of a logical 1 at the output
terminal 70), then the location of the first logical 0 of the
framing bit pattern 001011 is determined by logically
ANDing together the output OUT1 of the decoder
circuit 32 (output terminal 74) with the OUT2 output of
the decoder circuit 32 (output terminal 72). Output
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OUT?2 of the decoder circuit 32 provides a logical 1
output when the inputs IN4, IN3, IN2 and IN1 are 0010.
A logical 1 at the output terminal 72 indicates that the
bit of the serial bit stream 24 presently at input terminal
30 is a framing bit, and a logical 1 at the output terminal
74 indicates that if the bit at input terminal 30 is a fram-
ing bit, it is the first bit of the framing bit sequence
001011.

If the noncycling counter 48 is at the zero count (LSB
and MSB outputs at a logical 0) and the Q output of the
clocked delay circuit 62 is at a logical 0 (not a reset
operation), then the output of the AND gate 52 will be
a logical 1. If the Q output of the cycling counter 60 is
at a logical 1 when the output of the AND gate 52isa
logical 1, then the logical 1 state will be transferred to
the output terminal 68 by the latch circuit 56. This
condition can only occur if a match has not occurred
during the receipt of a block 772 bits of the serial bit
stream 24, meaning that the location of the framing bit
pattern has been lost. If this occurs, then the circuit
must be reset (by circuitry not shown in FIG. 2) by
applying a reset signal to the reset input terminal 58 in
order to fill the shift registers 36, 40 and 44 with unal-
tered portions of the serial bit stream 24.

An advantage of the synchronization circuit of FIG.
2 is the use of only three shift registers of 772 bits each.
Thus, by comparison to the use of more registers there
is an advantageous savings of circuit area if the circuit is
embodied in an integrated circuit. Moreover, the circuit
of FIG. 2 performs the synchronization operation in
approximately six to eight milliseconds compared to
approximately 50 milliseconds or more required for
some prior art circuits.

While the description above has been with respect to

the ESF standard, it will be understood that the present

invention is also applicable to other bit framing patterns
differing in length and composition from the ESF stan-
dard. The present invention is also applicable to serial
bit streams which have other than 772 data bits separat-
ing the framing bits and other than six framing bits 1n
the framing bit pattern. If other than six framing bits are
used in the pattern, or if the framing bit pattern 1s differ-
ent from the ESF standard, the minimum number of
shift registers required to locate the framing sequence
can be determined by finding the minimum number of
bits required to find a pattern to be written into the
serial registers which will produce a nonmatch no mat-
ter which bit arrives N bits later, where N is the pitch of
the framing bit pattern. Also, the present invention 1s
applicable to framing bit patterns which use framing
packets of two or more bits in succession rather than a
single framing bit separated by data bits as in the ESF
standard.

Although the invention has been described in part by
making detailed reference to a certain specific embodi-
ment, such detail is intended to be and will be under-
stood 1o be instructional rather than restrictive. It will
be appreciated by those skilled in the art that many
variations may be made in the structure and mode of
operation without departing from the spirit and scope of
the invention, as disclosed in the teachings contained
herein. For example, instead of determining whether or
not the framing pattern has been Jocated by counting
the number of logical 1 bits produced at the output of
the OR gate 46 for each 772-bit block of bits of the serial
bit stream, a timer could be used to time from the last
reset pulse for a predetermined time interval which 1is
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sufficiently long to guarantee that only one match will
occur in each block of 772 bits of the serial bit stream.

What is claimed is:

1. A method for locating the position of a framing
pattern in a serial bit stream, wherein each of said fram- 5
ing bits is separated by P—1 bits of data, comprising the
steps of:

(a) after the arrival of {(M—1)xP}+1 bits of said
serial bit stream at an input terminal, taking M
samples Py, Pa, . . . Pas of said serial bit stream,
where P is the last bit of said serial bit stream to
have arrived at said input terminal, Ps is the bit of
said serial bit stream which arrived P bits prior to
said P; bit, and Pp is the bit which arrived
(M —1) X P bits prior to said P, bit:

(b) determining if the bit pattern sequence Pys. . . P,
matches any M-bit sequence of the bit pattern
formed by concatenating two of said framing pat-
terns; 20

(c) if a match does not occur, changing said P, P,, .

. Pp— bit sample to a bit pattern such that the
combination of the logic bit X, where logic bit X
can be either a logical 1 or a logical 0, and the
changed Py, Py, . . . Pas_ bits would not match any 25
sequence of the bit pattern formed by concatenat-
ing two of said framing patterns, and if a match
does occur, leaving the bits of said serial bit stream
unaffected;

(d) upon arrival of the next bit of said serial bit stream 3g
at said input terminal, taking M samples Py, P5, . . .
Py, where P is the last bit of said serial bit stream
to have arrived at said input terminal, P is the bit
of said serial bit stream which arrived P bits prior
to said P; bit unless said P, bit, when it was in the 35
P} position, was previously changed by the process
of step (c), and Pps is the bit which arrived
M — 1 X P bits prior to said P; bit unless said P bit,
when it was in the Py, P2, . .. Py or Py | posi-
tion, was previously changed by the process of step 40
(c);

(e) repeating steps (b) through (d) while counting the
number of matches which occur during the arrival
of each successive block of said serial bit stream,
each block equal to P bits in length; and

(f) repeating steps (a) thmugh (e) if said count at the
end of any of said blocks is zero, and having identi-
fied the position of said frammg bits if said count at
the end of any said blocks is one.

2. A method for locating the position of the framing
pattern in a T1 serial bit stream encoded according to
the ESF standard comprising the steps of:

(a) upon the arrival of a bit of said serial bit stream at

an input terminal, taking 4 samples P,, P,, P3 and 55
P4 of said senial bit stream, where P, is the last bit to
have arrived, P; is the bit of said serial bit stream
which arrived 772 bits prior to said P bit, P3 is the
bit of said serial bit stream which arrived 772 bits
prior to said P; bit, and P4 is the bit which arrived ¢,
7172 bits prior to said P3 bit;

(b) determining if the bit pattern sequence Py, P3, P;
and P; matches the any of the bit sequences, 0010,
0101, 1011, 0110, 1100, and 1001;

(c) if a match does not occur, then changing said P;, 65
P2, and P; bits to a first logic state, and if a match
does occur, leaving the bits of said serial bit stream
unaffected;
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(d) upon arrival of the next bit of said serial bit stream
at said input terminal, taking 4 samples Py, P,, P;
and P4, where
P\ is the last bit of said serial bit stream to have

arnved at said input terminal,

P2 is the bit of said serial bit stream which arrived
P bits prior to said P bit unless said P bit, when
it was in the P position, was previously changed
by the process of step (c),

P3 is the bit which arrived 1,544 bits prior to said
P1 bit unless said P; bit, when it was in the Py or
P; position, was previously changed by the pro-
cess of step (c), and

P4 15 the bit which arrived 2,316 bits prior to said
P bit unless said P4 bit, when it was in the P;, P>,
or P3 position, was previously changed by the
process of step (¢);

(e) repeating steps (b) through (d) while counting the
number of matches which occur during .the arrival
of successive blocks of said serial bit stream, each
block equal to 772 bits in length; and

(f) repeating steps (a) through (e) if said count at the
end of any of said blocks is zero, and having identi-
fied the position of said framing bits if said count at
the end of any of said blocks is one.

3. Apparatus for locating the position of a bit framing

pattern in a senial bit stream wherein each of said fram-
ing bits is separated by P—1 bits of data comprising:

(a) a serial data input terminal for receiving said serial
bit stream:;

(b) K logic-storage means, each having an input ter-
minal and an output terminal where said input
terminal of said first logic-storage means is coupled
to said senal data input terminal, said input termi-
nal of said second logic-storage means is coupled to
said output terminal of said first logic-storage
means, and said rest of said remaining K logic-stor-
age means are similarly connected to form a series
circuit in which said Kth logic-storage means is the
last circuit of said series circuit, each of said K
logic-storage means including means for receiving
a logic signal at said input terminal and either set-
ting said logic signal to a first or second logic state
or leaving said logic signal unaltered in response to
a comparator output signal, for storing said altered
or unaltered logic signal sequentially in P storage
locations in synchronization with the rate of arrival
of said serial bit stream at said serial data input
terminal, and for providing at said output terminal
the Pth prior altered or unaltered logic signal;

(¢) comparison means coupled to said serial data
input terminal and to said output terminals of said
K logic-storage means for determining if the bit of
said serial bit stream present at said input terminal
in combination with said altered or unaltered logic
slgnals at said output terminals of said first, second,

. Kth logic-storage means respectively match
any (K + 1)-bit sequences of the pattern formed by
concatenating two of said frammg bit patterns and
for providing said comparison output signal at an
output terminal indicating if a match has occurred
or not, said K logic-storage means responding to
said comparison output signal by setting each of
said logic signals to said first or second logic state
such that the combination of a logic bit X, where
logic bit X can be either a logical 1 or a logical 0,
and said altered logic signals of said first, second, .
. . and Kth logic-storage means respectively would
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not match any sequence of the bit pattern formed
by concatenating two of said framing patterns if a
match does not occur, and if a match does occur,
leaving unaffected said logic signals of said K log-
ic-storage means; and

(d) counting means for counting the number of
matches which occur during successive blocks of
said serial bit stream which arrive at said data mput
terminal, each of said blocks being P bits in length.

4. Apparatus for locating the position of the framing
bits in a serial bit streams formed according to the ESF
standard compnsing:

(a) an input terminal for receiving said serial bit

stream,

(b) a first, second and third logic-storage means, each
having an input terminal and an output terminal
where said input terminal of said first Jogic-storage
means is coupled to said serial data input terminal,
said input terminal of said second logic-storage
means is coupled to said output terminal of said
first logic-storage means, and said input terminal of
said third logic-storage means is coupled to said
output terminal of said second logic-storage means,
each of said logic-storage means including means
for receiving a logic signal at said input terminal
and either setting said logic to a first logic state or
Jeaving said logic signal unaltered in response to a
comparator output signal, for storing said altered
or unaltered logic signal sequentially in 772 storage
locations in synchronization with the rate of arrival
of said serial bit stream at said serial data input
terminal, and for providing at said output terminal
the 772nd prior altered or unaltered logic signal;

(c) comparison means coupled to said senal data
input terminal and to said output terminals of said
first, second and third logic-storage means for de-
termining if the bit of said serial bit stream present
at said input terminal in combination with said
altered or unaltered logic signals at said output
terminals of said third, second and first logic-stor-
age means respectively match any of the bit pat-
terns 0010, 0101, 1011, 0110, 1100 and 1001 and for
providing said comparator output signal at any
output terminal indicating if a match has occurred
or not, said first, second and third logic-storage
means responding to said comparator output signal
by setting each of said logic signals to said first
logic stated if a maich does not occur, angd if a
match does occur, leaving unaffected said logic
signals of said logic-storage means; and

(d) counting means for counting the number of
matches which occur during successive blocks of
said serial bit stream which arrive at said data input
terminal, each of said blocks being 772 bits in
length.

5. A method for acquiring the framing clock of a data
stream, which is formatted in frames according to a proto-
col wherein a predetermined bit framing pattern is embed-
ded in the data stream, comprising the steps of:

a) carrying successive bits of the data stream in serial

memory,

b) successively comparing sets of plural bits, at separa-
tions within said serial memory such that each said set
of bits corresponds to a single respective bit position
with respect to said frame formatting of said predeter-
mined protocol, to ascertain whether each said set
constitutes a portion of said bit framing pattern, and
accordingly, for each said set.

12

if the bits of said set could not constitute a portion of said
bit framing pattern, overwriting said bils of said re-
spective set with a patiern which assures that the next
succeeding test of a bit set at said bit position will also

5 not detect a portion of said framing pattern:

¢) and repeating said step (b), until said comparing step
has detected, at all but one of the bit positions which
are possible within said protocol, that the bit set at said
bit position is not part of said framing pattern.

6. A circuit for locating the position of framing bits
embedded in a serial bit stream, which is formatted in
frames according to a protocol wherein a predetermined bit
framing pattern is embedded in the data stream, compris-
ing:

at least three shift registers, having respective lengths
corresponding to a separation of bits of said framing
pattern within said bit streamn,

a decoder, connected to receive and test the respective
outputs of said shift registers, together with an tncom-
ing bit, to detect a match with said framing pattern,

a plurality of logic gates, wherein said shift registers are
serially connected together through said logic gates,
and said logic gates are controlled by the output of
said decoder circuil so that;

if said decoder indicates that a match has been
detected, then the incoming bit is loaded into the
input of a first one of said shift registers by said
logic gates, and
the output of said first one of said shift registers is
connected to the input of a second one of said
shift registers by said logic gates, and
the output of said second one of said shift regis-
ters is connected to the input of a third one of
said shift registers by said logic gates; and
if said decoder indicates that a match has NOT
been detected, then
a predetermined sequence of bit values, which is
not a portion of said framing pattern, Is loaded
into said first, second, and third shift registers
by said logic gates.

7. The circuit of claim 6, further comprising a counter,
connected to count the number of matches detected by said
decoder during a number of bits corresponding to a separa-
tion of bits of said framing pattern within said bit stream,
and to indicate, if and only if said number of matches Is
one. that the location of the framing bits within the serial
bit stream has been determined.

8 The circuit of claim 6, further comprising: a noncy-
cling counter, connected to count the number of matches
detected by said decoder; and a cycling counter, connected
to reset said noncycling counter at intervals corresponding
to a separation of bits of said framing pattern within said
bit stream; the output of said noncycling counter being
connected to indicate, if and only if said number of
matches detected by said noncycling counter is one, that
the location of the framing bits within the serial bit stream
has been determined.

9 The circuit of claim 6, wherein said predetermined
sequence of bit values is three identical values.

10. The circuit of claim 6, wherein said predetermined
sequence of bit values is 000

11. The method of claim 5, wherein said protocol is
compatible with the T1 protocol.

12. The circuit of claim 6, wherein said protocol is com-
patible with the T1 protocol.

13. The method of claim 5, wherein said bit framing
pattern does not contain agny sequence of three zeros, and
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wherein said pattern used in said overwriting step is all
zeros.

14. The circuit of claim 6, wherein said bif framing
pattern does not contain any sequence of three zeros, and
wherein said predetermined sequence of bit values is all
zeros.

15. The method of claim 5, wherein said protocol is
compatible with the Enhanced Superframe Format (ESF)
standard.

16. The circuit of claim 6, wherein said protocol is com-
patible with the Enhanced Superframe Format (ESF)
standard.

17. The method of claim 5, wherein said sets of bits
compared by said step (b) are shorter than the predeter-
mined bit framing pattern of said protocol.
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18 The circuit of claim 6, wherein said decoder is con-
nected to test sets of bits which are shorter than the prede-
termined bit framing patiern of said protocol.

19. The method of claim 5, wherein said sets of bits
compared by said step (b) are exactly two bits shorter than

the predetermined bit framing pattern of said protocol.

20. The circuit of claim 6, wherein said decoder is con-
nected 1o test sets of bits which are exactly two bits shorter
than the predetermined bit framing pattern of said proto-
col.

21. The method of claim 5, wherein said step (a) of
carrying uses a serial memory which includes multiple shift
registers connected together in succession, successive ones of
said shift registers being interconnected through a logic
gate which selectively performs said overwriting during
data transfers between successive ones of said shift registers.

22. The method of claim 5, wherein said step (a) of
conveying uses a serial memory which is implemented as

multiple shift registers connected together in succession.
% % & ® ¥
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