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(57) Claim

1. Apparatus for detecting a frame alignment word in a time
division multiplex data stream comprising storage means having a 
plurality of serial locations arranged to receive an ATOM data 
stream and pass each bit of the data stream serially through each 
location, and template pattern means connected to said storage 
means and arranged to provide a template pattern corresponding to a 
frame alignment word, and wherein said template pattern means is 
arranged in a plurality of bit groups, each bit group generating an 
output signal when it identifies a group of bits corresponding to 
its portion of the whole template pattern, a decoder circuit being 
connected to the bit groups to receive the output signals from the 
bit groups and generate a decoder output signal indicating frame 
alignment when a specified number of bit groups, which is less than 
or equal to the total number of bit groups, give output signals 
indicating that they have identified the groups of bits associated 
with them, wherein once a frame alignment word has been detected 
and frame alignment has been confirmed, the number of template 
pattern groups used to monitor said storage means is reduced in 
number whereby a defined lesser part of the total storage means is 
monitored by the template pattern means.
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6. A method of detecting a frame alignment word in a time
division multiplex data stream, the method comprising the steps of 
passing the data stream through each bit location of a serial 
storage means, and checking the bits against a template pattern, 
the method being further characterised in that the template pattern 
is split into a predetermined number of bit groups and the 
detection of the frame alignment word is confirmed when a 
predetermined number of the bit groups indicate that they have 
detected a match in the data stream, and in that when detection of 
a frame alignment word has been confirmed, reaffirmation of frame 
alignment is provided by confirmatory outputs of a reduced number 
of the bit groups.
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The present invention relates to a method and apparatus for 

detecting a frame alignment word in a data stream.

The invention finds utility in digital multiplex systems, and is 

generally applicable to digital communication systems where the 

detection of specific, recurring binary sequences is required under 

condition of medium to high binary error ratios.

In digital multiplex systems several independent tributary data 

streams are combined to a higher rate aggregate bit sequence. A 

specific set of characters, known as the Frame Alignment Word (FAW), 

is then inserted at regular intervals into the bit sequence of the 

aggregate signal prior to transmission. The FAW together with the 

subsequent bit sequence up to the start of the next FAW constitutes a 

digital frame.

At the demultiplexer, the received binary data is initially 

examined on a bit-by-bit basis until a FAW has been correctly 

detected. This process is known as Frame Search. When the frame 

search is complete a new digital frame is constructed which is a replica 

of the originally transmitted digital frame, the transmitted and 

received digital frames are then said to be in alignment. When the 

demultiplexer frame is in alignment the inverse of the multiplex 

procedures can be applied to reconstitute the original data streams,

In order to maintain correct operation of the demultiplexer it is 

necessary to continuously check the occurrence of a FAW in the 

expected position in the digital sequence to confirm that frame
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alignment is being maintained. When the check procedure indicates 

loss of alignment a new frame search is initiated.

In practical digital transmission systems binary errors cause the 

corruption of the FAWs resulting in failure to recognise the FAW 

during frame alignment procedures and spurious detection of 

misalignment when the digital frame is already aligned. The 

probability of a corrupted FAW is dependent on the binary error ratio 

and the number of bits which constitute the FAW. The larger the error 

ratio and the number of bits in the FAW the greater the probability of 

corruption.

In many applications the FAW is constructed to give a sufficiently 

long binary sequence so that the probability of its pattern being 

simulated by a combination of data bits within the digital frame is 

negligibly small. Therefore a demultiplexer can readily identify a FAW 

within the received signal, using a template matching technique. By 

this technique the incoming data stream is compared, on a bit-by-bit 

basis, against a template pattern of the FAW; if there is a match 

between the incoming stream and the template pattern, then a FAW is 

declared as recognised.

If the detection of the FAW is based on an exact match between 

the incoming data stream and the FAW template pattern, it cannot 

recognise valid FAWs if they have been corrupted by digital errors. 

Under such conditions, the demultiplexer cannot achieve rapid frame 

alignment or, in the case of higher error rates, may be subject to 

frequent spurious realignment thus greatly increasing the impairment 

of the received digital signal.
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It is an object of the invention to significantly enhance 
the frame alignment performance of demultiplexers in conditions of 
high error rates by applying specific error tolerant FAW detection 
procedures.

According to the present invention there is provided 
apparatus for detecting a frame alignment word in a data stream, 
comprising storage means having a plurality of serial locations 
arranged to receive an ATDM data stream and pass each bit of the 
data stream serially through each location, and template pattern 
means connected to said storage means and arranged to provide a 
template pattern corresponding to a frame alignment word, and 
wherein said template pattern means is arranged in a plurality of 
bit groups, each bit group generating an output signal when it 
identifies a group of bits corresponding to its portion of the 
whole template pattern, a decoder circuit being connected to the 
bit groups to receive the output signals from the bit groups and 
generate a decoder output signal indicating frame alignment when a 
specified number of bit groups, which is less than or equal to the 
total number of bit groups, give output signals indicating that 
they have identified the groups of bits associated With them, 
wherein once a frame alignment word has been detected and frame 
alignment has been confirmed, the number of template pattern groups 
used to monitor said storage means is reduced in number whereby a 
defined lesser part of the total storage means is monitored by the 
template pattern means.
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Preferably first and second decoder circuits are 
provided, said first decoder circuit being connected to 
those template bit groups connected to the defined lesser 
part of said storage means and said second decoder

5 circuit being connected to all of said template bit
groups. Optionally the outputs of said first and second 
decoder circuits are connected to a selector circuit 
which indicates that a frame alignment word has been 
detected. Optionally the selector circuit comprises

10 first and second AND-gates connected to an OR-gate, the 
output of said first decoder circuit being connected to 
first said AND-gate and the output of said second decoder 
circuit being connected to said second AND-gate circuit. 
Optionally an enabling signal is connected to an

15 additional input of each of said first and second AND- 
gates, the input of said first AND-gates to which said 
enabling signal is applied being an inverting input.

According to a further aspect of the present 
invention there is provided a method of detecting a frame

20 alignment word in a time division multiplex data stream, 
the method comprising the steps of passing the data 
stream through each bit location of a serial storage 
means, and checking the bits against a template pattern, 
the method being further characterised in that the

25 template pattern is split into a predetermined number of 
bit groups and the detection of the frame alignment word 
is confirmed when a predetermined number of the bit 
groups indicate that they have detected a match in the 
data stream, and in that when detection of a frame

30 alignment word has been confirmed, reaffirmation of frame 
alignment is provided by confirmatory outputs of a 
reduced number of the bit groups.

An embodiment of the present invention will now be 
described with reference to the accompanying drawing

t

35 wherein:

S:20319R
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Figure 1 shows a FAW detection template pattern,

Figure 2 shows a reduced FAW detection template pattern,

Figure 3 shows a block diagram of the circuits which implement 

the invention, and,

Figure 4 shows a block circuit diagram of a decoder.

Referring to Figure 1, a FAW detection template pattern is shown 

divided into groups 1 to 8.

A FAW is considered as correctly recognised and valid if any 

seven out of the eight groups are unambiguously detected and free of 

error. This FAW detection algorithm can be represented in the form of 

a truth table as shown in Table 1.

Table 1:

Groups

FAW detected1 2 3 4 5 6 7 8

M M M M M M M M YES
D M M M M M M M YES
M D M M M M M M YES
M M D M M M M M YES
M M M D M M M M YES
M M M M D M M M YES
M M M M M D M M YES
M M M M M M D M YES
M M M M M M M D YES

/ill olh
______

er com
______

eination s
_____

NO

M = all bits matched:- group matched

D = one or more bits do not match:» group not matched
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When the demultiplexer has previously achieved frame 

alignment the FAW detection template pattern is reduced to only the 

middle four groups, 3, 4, 5 and 6 as shown in Figure 2.

During the check procedure in the alignment mode the FAW is 

considered to be valid if any three out of four groups are 

unambiguously recognised and free of error. The states of groups 1, 2, 

7 and 8 are not taken into account. This FAW checking algorithm 

can be represented in a truth table as shown in Table 2.

Table 2:

• ·• ·• · · · Groups

FAW detected1 2 3 4 5 6 7 8

• X X M ' M M M X X YES
• « X X D M M M X X YES• · · ft • · ftft ft · X X M D M M X X YES

X X M M D M X X YES
• « ·

9 9 9
9 9 9

X X M M M D X X YES

( ril oth
______

er com
______

rination s
______

NO

... M = all bits matched:- group matched
• · ·

D = one or more bits do not match:- group not matched 

X = irrelevant

A block schematic for a specific implementation of the present

invention is shown in Figure 3, and its operation is described as

follows:

The incoming data is shifted on a bit-by-bit basis through a serial

shift register 9. The contents of the shift register 9 is continuously
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compared with the template pattern, a preset data pattern, by eight 

'AND' functions 10, where each of the 'AND' functions relates to a 

particular group of digits in the template pattern. When the incoming 

data and the corresponding group in the template pattern match the 

'AND' function indicates 'TRUE'. In the Search Mode outputs of the 

'AND' functions are evaluated according to the truth table as given in 

Table 1 by using the DECODER B 12. When a FAW has been detected 12
• ft ft ·

·,...· generates a 'TRUE' signal which is output to the FRAME SEARCH selector 
( · · · ·
···· 13,• ft ft• · ft

’ ** In the Aligned Mode the outputs of the appropriate 'AND'

.* ’ functions are evaluated according to the truth table as given in Table 2

by using the DECODER A 11. When a FAW has been detected 11 

generates a 'TRUE' signal which is output to 13,

. The output of 13 is selected according to the current state of the
ft ft
...» demultiplexer i.e. alignment or search mode.
ft ft ft

Referring to Figure 4, a clock circuit diagram is shown of the
ft ft ft
• ·· decoder A, depicted in Figure 3. It will be appreciated that the decoder

(' B is composed of similar elements except it will comprise eight inputs

·*·’*· in all. The decoder A comprises four inputs A, B, C and D, each of which
ft ft ft*. *.i is directly applied to a respective AND-gate. Each input is also inverted 

by a respective inverter 14 to 17. Input A is applied directly to AND- 

gates 18 to 21, and the inverse input is applied to AND-gate 22. Input 

B is applied directly to AND-gates 18 to 20 and 22 and the inverse 

input applied to AND-gate 21. Input C is applied directly to AND-gate 

18, 19, 21 and 22 and the inverse input is applied to AND-gate 20.

Input D is applied to AND-gate 18, 20 to 22 and the inverse input is 

applied to AND-gate 19. The outputs from the AND-gates 18 to 22 are
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applied to an OR-gate 23 which provides the output signal Q. The truth 

table for decoder A is shown below:

A B c D 0.
1 1 1 1 1
0 1 1 1 1
1 0 1 1 1

• ftftftftft 1 1 0 1 1
( ·:··

ft ft ft n

ft ft ft 1 1 1 0 1
ft ft ftft ft ft

ft other combinations 0
ft ft

• ·• ·ft · · ft
The truth table for decoder B is shown below:

ft A B C D E F G H 0• ft ft ft ft ft 
« 1

• «ftft ft ftft l 1 1 1 1 1 1 1 1

ft ft · 0 1 1 1 1 1 1 1 1
ft ftftft ftft l 0 1 1 1 1 1 1 1

( l 1 0 1 1 1 1 1 1
• ft ft ft ft ftft ft « · l 1 1 0 1 1 1 1 1
ft ft ftft ftft• ft ft I 1 1 1 0 1 1 1 1

1 1 1 1 1 0 1 1 1

1 1 1 1 1 1 0 i 1

1 1 1 1 1 1 1 0 1

other combinations 0

The above description has been of one embodiment of the 

present invention and is not intended to be limited thereto. It will
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readily be appreciated by those skilled in the art that alternative 

applications are possible, such as in the recognition of specific binary 

bit sequences required when the digital signal is subject to binary 

errors.

• '1
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. Apparatus for detecting a frame alignment word in a time 
division multiplex data stream comprising storage means having a 
plurality of serial locations arranged to receive an ATDM data 
stream and pass each bit of the data stream serially through each 
location, and template pattern means connected to said storage 
means and arranged to provide a template pattern corresponding to a 
frame alignment word, and wherein said template pattern means is 
arranged in a plurality of bit groups, each bit group generating an 
output signal when it identifies a group of bits corresponding to 
its portion of the whole template pattern, a decoder circuit being 
connected to the bit groups to receive the output signals from the 
bit groups and generate a decoder output signal indicating frame 
alignment when a specified number of bit groups, which is less than 
or equal to the total number of bit groups, give output signals 
indicating that they have identified the groups of bits associated 
with them, wherein once a frame alignment word has been detected 
and frame alignment has been confirmed, the number of template 
pattern groups used to monitor said storage means is reduced in 
number whereby a defined lesser part of the total storage means is 
monitored by the template pattern means.
2. Apparatus as claimed in Claim 1 wherein first and second 
decoder circuits are provided, said first decoder circuit being 
connected to those template bit groups connected to the defined 
lesser part of said storage means and said second decoder circuit 
being connected to all of said template bit groups.
3. Apparatus as claimed in Claim 2 wherein the outp, .s of 
said first and second decoder circuits are connected to a selector 
circuit which indicates that a frame alignment word has been 
detected.
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4. Apparatus as claimed in Claim 3 wherein the selector 
circuit comprises first and second AND-gates connected to an 
OR-gate, the output of said first decoder circuit being connected 
to first said AND-gate and the output of said second decoder 
circuit being connected to said second AND-gate circuit.
5. Apparatus as claimed in Claim 4 wherein an enabling signal 
is connected to an additional input of each of said first and 
second AND-gates, the input of said first AND-gate to which said 
enabling signal is applied being an inverting input.
6. A method of detecting a frame alignment word in a time 
division multiplex data stream, the method comprising the steps of 
passing the data stream through each bit location of a serial 
storage means, and checking the bits against a template pattern, 
the method being further characterised in that the template pattern 
is split into a predetermined number of bit groups and the 
detection of the frame alignment word is confirmed when a 
predetermined number of the bit groups indicate that· they have 
detected a match in the data stream, and in that when detection of 
a frame alignment word has been confirmed, reaffirmation of frame 
alignment is provided by confirmatory outputs of a reduced number 
of the bit groups.
7. Apparatus for detecting a frame alignment word in a time 
division multiplex data stream substantially as hereinbefore 
described with reference to the accompanying drawings.
8. A method of detecting a frame alignment word in a time 
division multiplex data stream substantially as hereinbefore 
described with reference to the accompanying drawings.

DATED this 14th day of January 1993 
GEC PLESSEY TTl^CC^MICATIONS LIMITED

By their Patent Attorneys

GRIFFITH HACK & CO.
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