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{57} ABSTRACT 
Envisages the use ofa format of serial digital signalling 
in which each data word comprises a predetermined 
number of bytes formed by bits of substantially uniform 
duration and in which each byte comprises a “start" bit 
ofa ?rst binary signi?cance (e.g. 0) a “stop" bit having 
a second binary signi?cance (eg 1) and an identical 
plurality of "data" bits immediately succeeding said 
"start" bit and in which the ?nal byte of the data-word 
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ELECTRICAL CIRCUIT ARRANGEMENTS 
RESPONSIVE TO SERIAL DIGITAL SIGNALS 
FORMING MULTI-BYTE DATA-WORDS 

The present invention relates tothe provision of syn 
chronising facilities for electrical circuit arrangements 
responsive to serial digital signals forming multi-byte 
data-words. 
The object of the invention is to provide simple and 

reliable means which under normal working conditions 
will preserve working synchronisation of a digital sig 
nalling response circuit with respect to the format of 
the applied digital signal and to detect and correct 
departures from synchronous working. The invention 
speci?cally concerns a digital-data transmission sys 
tems using a novel format of serial digital signals such 
that each data-word comprises a predetermined num 
ber of bytes formed by bits of substantially uniform 
duration and each byte comprises a “start" bit ofa ?rst 
binary signi?cance (e.g. O) a “stop” bit having a second 
binary signi?cance (e.g. l ) and an identical plurality of 
“data“ bits immediately succeeding said “start" bit but 
the final byte of the data-word has an additional bit 
having said ?rst binary signi?cance interposed between 
last “data" bit and the “stop” bit thereof and a se 
quence of frame or synchronising-pulses is formed by 
that bit immediately succeeding the last “data“ bit of 
all successive bytes of a data-word. This signalling for 
mat will hereinafter be referred to as a signalling format 
of the kind referred to. 
Also according to the invention the signalling re 

sponse circuit includes (i) register means for the stor 
ing of the data content of each byte of a received data 
word, (ii) control logic means for producing, prepara 
tory to reception of each byte of the data-word, either 
a ?rst condition indicating that the byte currently ex 
pected is other than the last byte of a data-word or a 
second condition indicating that the byte expected is 
the last byte of a data-word, (iii) detector means for 
extracting from said incoming signals, pulse having 
time appearances appropriate to a synchronising-pulse 
sequence, and (iv) a comparison device operative 
under control of aforesaid extracted each pulse and the 
prevailing said ?rst or second condition to assess the 
presence or absence of a synchronisation error in rela 
tion to any currently received byte of a data-word and 
to produce a ?rst or second output signal appropriate 
to said presence and absence respectively, said output 
signal being operative over said control logic means to 
determine the mode ofoperation of the register means. 
According to a feature of the invention the compari 

son device is operative in the presence of such error to 
cause cancellation of the particular data-word and to 
exercise such control upon the control logic means 
that, when reception of the particular data-word has 
been completed. the circuit is ready for synchronous 
reception of the bytes of the next data-word. 
According to another feature of the invention said 

control logic means comprises one stage for each byte 
of the data-word, the stages being set on a mutually 
exclusive basis and that stage which is set is effective 
when other than the last or the last in connecting a first 
or second signal respectively to said comparison device 
and in connecting an enabling signal to a particular 
byte-storage section of said register means. 
According to yet another feature of the invention 

said control logic means is controlled (a) for the cycli 
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2 
cally setting of its stages by a driving signal generated 
by said comparison means each time a received syn 
chronising pulse is in conformity with a said ?rst or 
second signal applied thereto, and (b) to cause the ?rst 
stage to be set, if not already so, by an alternative pulse 
generated by said comparison means in the event of an 
applied pulse and signal not being in conformity; said 
alternative pulse causing a re-set pulse to be applied to 
said register means. 
The invention will be better understood from the 

following description of methods of carrying it into 
effect which should be read in conjuction with the 
accompanying drawings. 
Of the drawings FIG. 1 illustrates a typical digital 

pulse format of a data-word envisaged in the implemen 
tation of the present invention, whereas FIG. 2 repre 
sents, in simpli?ed form, a circuit arrangement for use 
in the reception of data-words having the format al 
luded to. 
Considering FIG. 1 the digital-pulse format embraces 

a 3l-bit data-word spread over substantially identical 
timeslots. The data-word comprised three successive 
bytes designated BYTE l, BYTE 2 and BYTE 3 con 
taining ten, ten and eleven bits respectively. The ?rst 
bit (number I) of each byte constitutes the so-called 
“start" bit of the byte, and in each case has the binary 
significance 0. Bits 2 to 9 of each byte accommodate 
the actual data of the byte (arbitrarily as “1's” and 
“0’s”) so that an aggregate of 24 data bits, as distinct 
from control and signalling bits, are provided for in the 
data-word. Bit 10 of BYTE l and BYTE 2 and bit 11 of 
BYTE 3 are the so-called “stop" bits for the respective 
bytes and in each case carry binary 1 significance to 
enable an immediately-following change to O to be 
readily interpreted as the start condition for next byte. 
The “added" bit 10 of BYTE 3, with its binary 0 signi? 
cance and interposed between the last data bit and the 
“stop" bit, is that bit which renders the last byte 
(BYTE 3) obviously different from all preceding bytes 
of the data-word, regardless of the 8-bit data sections. 
Accordingly under proper working conditions the read 
ing of bit 10 of each of the bytes BYTE l, BYTE 2 and 
BYTE 3, in succession forms a coded signal sequence 
llO which is to be used for synchronisation purposes. 
Considering the outline circuit arrangement shown in 

FIG. 2, it is intended for use in the reception and ma 
nipulation of digital signals generally having the format 
of FIG. 1. Each serial 3-byte data-word which should 
have the format mentioned, is forthcoming over incom 
ing path ISD, and may well have been derived by inter 
face equipment from a serial signal-sequence of a more 
suitable form for inter-station transmission purposes. 
However, the signals received over path ISD are passed 
to equipment involving a serial-to-parallel converter 
SIPC and a frame-pulse detector FPD. The converter is 
operative, in known manner, to capture the 8-bit data 
section of each “byte“ and to extend appropriate bi 
nary signals individually to the eight conductors of the 
transfer path TP in readiness for storage in the relevant 
8-bit section (81, S2 or 53) of the 24-bit register REG. 
The frame-pulse detector FPD is responsive to and 
reproduces the frame pulse RBI, RB2 or R83, of each 
byte. As already stated, each frame pulse is the 10th 
pulse of the particular byte, and (for a true transmis 
sion) in the case of BYTE l and BYTE 2 it is the “stop" 
pulse with binary value 1, whereas in the case of BYTE 
3 it is the pulse preceding the “stop" pulse and has 
binary value 0. Corresponding frame pulses derived 
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from the detector FPD are applied as and when re 
ceive_d_ to lead R of the comparator device COMP. The 
latter also receives binary signals over its second input 
lead E from the control logic unit CLU according to 
which of the three bytes of a data-word, as assessed by 
it, is being currently expected. The unit CLU is con 
trolled by the output of comparator and may be consid 
ered as comprising three or circuit sections stages EB], 
EB2 and BB3 arranged under normal synchronous 
working conditions to be cyclically in that order acti 
vated on a mutually-exclusive basis. With stage EBl 
activated, section S1 of register REG is exclusively 
primed over lead PS1 in readiness for acceptance of the 
8-bit data content of a BYTE I, and signal I is applied 
exclusively to lead E of the comparator to signify “ex 
pect BYTE I”. With stage EB2 activated, register-stage 
S2 is exclusively primed over lead PS2 for acceptance 
of data of BYTE 2 and again signal I is applied exclu 
sively to said E lead, now to signify “expect BYTE 2”. 
On the other hand with stage EB3 activated, register 
stage 3 is exclusively primed over lead PS3 in respect of 

4 
and E are identical (1 or 0) but if the two input signals 
are different an “error" signal is produced. When an 
OK signal is applied to the control logic unit CLU it is 
operative so that the next in order of stages BB1, EB2 
and E83 is activated; the change being stage 581 to 
EB2 to BB3 or EH3 to EBl as the case may be. Immedi 
ately prior to the stage advancement of unit CLU, the 
8-bit data content of the received byte is transferred 
into that section 51, S2 or $3 of the register which was 
primed at that time. 
The control logic unit is so organized that when it 

receives an error signal instead of an OK signal it re 
verts to, or stays in, such a state that stage EB] is exclu 
sively actuated, and moreover a “register reset signal" 
of short duration is applied to lead RSR extending to 
the reset lead of the register. Under these circum 
stances the total content of the register is cancelled 
without being used. 
The function of the circuit arrangements in respect of 

an incoming data-word when synchronism prevails is 
summarised in TABLE A: 

TABLE A 

BYTE LOGIC REGISTER BYTE COMPARATOR CONTROL 
EXP~ STAGE SECTION REC- LEAD §TATE§ LOGIC 
ECTED ACTIVATED PRIMED EIVED E R P CHANGE 

l EBI SI l l l OK EBI to EB2 
2 EB2 S2 2 l l OK EB2 to E53 
3 S3 3 0 0 OK BB3 to EB] EB3 

the data content of BYTE 3, and the alternative signal 
0 is connected exclusively to lead E of the comparator 
to signify "expect BYTE 3”. 
The particular state of the output of the comparator 

COMP is, of course, determined by the state of the 
signals on its two input leads R and E. As noted from 
FIG. 2, the signal at lead R may be either 1 or 0, as 
determined by the frame pulse detector FPD, and from 
FIG. I, it may be seen that if the word is in synchro 
nism, the sequence of signals on lead R will be l, l, or 
0. Similarly the state of the signal on lead E, which 
indicates the currently expected byte, may be either 1, 
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Accordingly the data content of each byte is stored 
immediately after reception, and it may be taken that 
when the data, appertaining to the three bytes of the 
data-word, has been stored, it is transferred for external 
utilisation over path ROP under control of means not 
shown. Each of a succession of data~words forthcoming 
to the circuit arrangements whilst the usual state of 
synchronisation persists are handled in identical man 
ner. 

The situation produced when a frame pulse error 
(RBI) is detected in respect of BYTE l of any data 
word is summarised in TABLE B following: 

TABLE B 

BYTE LOGIC REGISTER BYTE COMPARATOR CONTROL 
EXP- STAGE SECTION REC- LEAD STATES LOGIC 
ECTED ACTIVATED PRIMED EIVED E R P CHANGE 

l EBI SI 3 I 0 Error EBI (no change) 
I Bill S] 2 l l OK E8] to EB2 
2 EB2 S2 3 l 0 Error EB2 to EBl 

or 0. Again, if the word is in synchronism, the signals on 
line E will be 1, l, 0; as determined respectively by the 
stages of the control logic unit EBl, EB2, and E83. As 
stated above, each stage is mutually exclusive and the 
last two stages may be arrived at only in a sequential 
manner. That is, EB2 may only be activated after EB] 
has successfully been compared and EB2 may only be 
activated after EB] and EB2 have both been success 
fully compared. 
The comparator COMP produces, at its output lead 

P, a particular signal (to be referred to as an “OK“ 
signal) when the signals received at both input leads R 

55 

60 

In this case the register is reset and the whole data 
word cancelled by register~reset signalling over lead 
RSR without any transfer over the multiconductor 
output path being effected. However it is to be noted 
that after completion of the 3-byte sequence, the logic 
state is such that stage BB] is in the activated condition 
exclusively, in anticipation of the next data-word being 
received synchronously. 
When a frame-pulse error (RB2) is detected in re 

spect of BYTE 2 of the data-word the functional se 
quence which results is summarised in TABLE C viz: 

TABLE C 

BYTE LOGIC REGISTER BYTE COMPARATOR CONTROL 
EX P~ STAGE SECTION REC~ LEAD STATES LOGIC 
ECTED ACTIVATED PRIMED EIVED E R P CHANGE 

1 EB! 51 l l l OK £81 to EB2 
2 EB2 S2 3 0 Error EB2 to EBl 
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TABLE C-continued 

BYTE LOGIC REGISTER BYTE COMPARATOR CONTROL 
EXP~ STAGE SECTION REC- LEAD STATES LOGIC 
ECTED ACTIVATED PRIMED EIVED E R P CHANGE 

I EBI SI 3 I 0 Error EBI (no change) 

Cancellation of the whole data-word again takes 
place as in the immediately proceeding example, and 
again with logic stage EBI ?nally in the activated con 
dition, the circuit is ready to resume synchronous 
working. 
The following TABLE D summarises the functional 

sequence of the circuit on the advent of a frame‘pulse 
error (RBI!) appertaining to BYTE 3 of the data-word: 15 

required in the foregoing 3-byte case, namely that an 
“additional'’ bit 0 is introduced exclusively into the last 
byte of the data-word at a position between the last 
data-bit and the "stop" bit, so that under correct work 
ing conditions an appropriate frame-pulse sequence is 
constituted by a I signal for all bytes except the last; the 
last byte providing a 0. The modi?cations to the circuit 
would merely involve the provision of that number of 
stages in the control logic unit CLU and that number of 

TABLE D 

BYTE LOGIC REGISTER BYTE COMPARATOR CONTROL 
EXP- STAGE SECTION REC- LEAD STATES LOGIC 
ECTED ACTIVATED PRIMED EIVED E R P CHANGE 

I EBI SI I I l OK EBI to EH2 
2 EB! S2 2 I I OK EH2 to E83 
3 EB] S3 I or 2 0 I Error EB} to EBI 

As in the other cases of error detection, cancellation 
of the data-word containing the error is effected and 
with stage EBI exclusive activated, the circuit is again 
available for synchronous working. 
As regards all the foregoing tables it will be noted 

that regardless of whether an error condition for any 
byte is detected or not, the state of the control logic 
unit CLU after completion of the 3-byte sequence is 
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sections in the register which corresponds to the num 
ber of bytes in the data-words; for example for 4-byte 
data-words an additional register section S4 and an 
additional stage EB4 for the control logic unit would be 
provided. 
Table E and F below demonstrate the functional 

response of the circuit arrangement adapted for 2-byte 
and 4-byte data-word working respectively: 

TABLE E 

BYTE LOGIC REGISTER BYTE COMPARATOR CONTROL 
EXP- sTAGE SECTION REC- LEAD STATES LOGIC 

STEP ECTED ACTIVATED PRIMED EIVED E R P CHANGE 

I I EBI M I I I OK EBI w Em 
2 2 E82 $2 2 0 0 OK BB2 m EBI 
3 I EBI SI 2 I 0 Error EBI (no change) 
4 I EBI SI 2 I 0 Error EBI (no change) 
5 I EBI SI I I l 0K EBI to E82 
6 2 E52 s2 I u I Error EBZ Io EBI 

such that stage EBI is exclusively in the activated state. In the above table steps I and 2 are alternated in 
This implies that the circuit is ready to proceed with 45 respect of BYTE I and BYTE 2 of successive data 
synchronous operation and that any error detected 
within a data-word results in the cancellation only of 
that data-word. 
The circuit arrangement and the data-word format 

described above relate to 3-byte data words, but it 
should be understood that they may be readily modi 
lied to provide for data-words having a different num 
ber of bytes. Under these circumstances the general 
requirement for the data-word remains the same as is 
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words for as long as synchronous transmission persists. 
Steps 3 and 4 relate to a data-word for which a real 
error is encountered in respect of BYTE 1, whereas 
steps 5 and 6 relate to a data-word for which a real 
error is encountered in respect of BYTE 2. It is to be 
noted that the state of the control logic unit following 
execution of steps 2, 4 or 6 is such that stage EBI is in 
the activated state to maintain or permit synchronisa 
tion. 

TABLE F 

BYTE LOGIC REGISTER BYTE COMPARATOR CONTROL 
EXP- STAGE SECTION REC- LEAD STATES LOGIC 

STEP ECTED ACTIVATED PRIMED EIVED E R P CHANGE 

I I EBI SI I I I OK EBI to £82 
2 2 EBI S2 2 I I OK E82 to EBB 
3 3 EB] S3 3 I 1 OK E83 to EH4 ‘ 
4 4 H34 S4 4 O 0 OK E84 to EBI 
5 I EBI SI 4 I 0 Error EBI (no change) 
6 l EBI SI 2 I l OK EBI to E82 
7 2 E82 S2 3 l I OK EBZ lo E83 
8 3 EH3 S3 4 I 0 Error E83 to EBI 
9 I EBI SI I I I OK EBI to EB2 

II) 2 E82 52 4 I 0 Error EBI 
I I I EBI SI 3 I I OK EBI to E82 
I2 2 E82 52 4 l 0 Error EB2 to EBI 
I3 I EBI SI I I I OK EBI to EH2 
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TABLE F-continued 

BYTE LOGIC REGISTER BYTE COMPARATOR CONTROL 
EXP- STAGE SECTION REC- LEAD STATES LOGlC 

STEP ECTED ACTIVATED PRIMED EIVED E R P CHANGE 

I4 2 E132 S2 2 I l 0K E82 to EH3 
l5 3 EB3 S3 4 l 0 Error EBB to EBI 
I6 I EBI Si 4 l 0 Error EBI (no change) 
17 » l EBI SI 1 I I 0K EBI to E82 
l8 2 E82 $2 2 l 1 OK E82 lo E53 
19 3 E83 S3 3 I 1 OK BB3 to EH4 
20 4 E84 S4 I 2 or 3 0 I Error EB4 to EBI 

It can be deduced from the above table that when the 
system is operating in its usual synchronous mnner 
steps I, 2, 3 and 4 are involved cyclically for each 
successive 4-byte data words. The table also demon 
strate the effect of a real error encountered at steps 5, 
l0, l5 and 20 in respect of BYTE l, BYTE 2, BYTE 3 
and BYTE 4 of data~words. Again it is to be noted that 
cancellation of the offending data-word is effected and 
that following execution of steps 4, 8, l2, 16 or 20 the 
circuit is ready to resume synchronous operation. 
The invention is equally applicable to data-words 

having other than an 8-bit “data” content for each bit, 
and for example the data portion of each byte might 
well comprise five bits or six bits according to the pre 
scribed code. 

It is pointed out that the circuit may well be modi?ed 
by the elimination of the serial-to-parallel converter 
S/PC while retaining the frame-pulse detector FPD, the 
comparator COMP and the control logic unit CLU. 
However the register shown, with its one section per 
byte and catering for parallel injection of the bytes, 
would be replaced by three electronic shift registers. 
These would have the serial data-signals connected to 
their input leads; storage of the data-bytes being ef 
fected by the successive shift-registers as determined 
by priming conditions derived over leads PS1, PS2 and 
PS3. Preferably the converter S/PC would be replaced 
by a device extending only “data" bits of the incoming 
serial signals to the shift-registers. 
What we claim is: 
1. In or for use in a digital-data transmission system, 

a signalling response circuit for incoming signals having 
a signalling format of the kind referred to and charac 
terised in that it includes (i) register means for the 
storing of the data content of each byte of a received 
data-word, (ii) control logic means for producing, pre 
paratory to reception of each byte of the data-word, 
either a ?rst condition indicating that the byte cur 
rently expected is other than the last byte of a data 
word or a second condition indicating that the byte 
expected is the last byte of a data-word and producing 
control signals connected to said register means, (iii) 
detector means for extracting from said incoming sig 
nals, pulses having time appearances appropriate to a 
synchronising-pulse sequence, (iv) a comparison de 
vice operative under control of each aforesaid ex 
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tracted pulse and the prevailing said ?rst or second 
condition to assess the presence or absence of a syn 
chronisation error in relation to any currently received 
byte of a data-word and to produce a ?rst or second 
output signal appropriate to said presence and absence 
respectively, said output signal being applied to said 
control logic means to cause said control logic means 
to produce either said ?rst or second condition and said 
control signals. 

2. A signaling response circuit as claimed in claim 1 
in which said control logic means comprises one stage 
for each byte of the data-word, the stages being acti 
vated on a mutually-exclusive basis under the control 
of said ?rst or second output signals from said compari 
son device and according to which stage is set said 
control logic means is effective to connect a said ?rst or 
a said second condition to said comparison device, and 
to connect one of said control signals to a particular 
byte-storage section of said register means; the ?rst 
condition being produced when a stage other than the 
last stage is set whereas the second condition is pro 
duced only when the last stage is set. 

3. A signalling response circuit as claimed in claim 2 
in which said control logic means is controlled a) for 
the cyclically setting of its stages by said ?rst output 
signal generated by said comparison means each time a 
received synchronising pulse is in conformity with a 
said ?rst or second condition applied thereto, and b) to 
cause the ?rst stage to be set, if not already so, by said 
second output signal generated by said comparison 
means in the event of a received pulse and said ?rst or 
second condition not being in conformity; said second 
output signal causing a re-set pulse to be applied to said 
register means by one of said control signals from said 
control logic means. 

4. A signalling response circuit as claimed in claim 1 
in which the comparison device is operative as a result 
of the assessment to exercise such control upon the 
control logic means that upon receipt of said ?rst out 
put signal, said control logic means produces a one of 
said control signals connected to said register means 
for cancelling the registration of the current byte in the 
register means and said control logic means is caused to 
assume a state corresponding to the reception of the 
initial byte of a data-word. 

llt * * * it 


