Specification The invention relates to a systemfor the digital

transm ssion of information, particularly for digital transm ssion via
satellites, i'n accordance with the preanble.to Claim1l. In bit-serial data
transm ssion, the data bl ocks consisting of code words, nanely franmes and
possi bly sub- franmes, are repeated periodiccally. -In order to be able to
decode the data blocks correctly, it J ? necessary to know the positigg® of
the frane in tine. Wen self- synchrori zing codes are used, the bandw dth
of the trans- mission is increased by increased redundancy requirenments. A
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processed sefighly¥alled 8bBINA19PANY (WWB avoids an appreciable increase
in the bandwidth. Particularly with 4-phase CPSK modulation,
the data regeneration is ensured by a decimal-point code
based on the frame structure. CPSK stands for coherent
phase shift keying.

In this case, each transmission block of the digital
gignal contains a preceding code word, the synchronization
word, which serves to identify the synchronization. = This
is generally followed by a sequence of data code words
which also contain checking information.

, Time errors and amplitude errors may occur in the

Mot . transmission path to be considered. During the timing
regeneration, time errors cause so-called bit slips.
Amplitude errors, that is to say bit inversions, distort
data and synchronization word. When a 4-phase CPSK
modulation is used, it is necessary to compensate the
ambiguity of the phase demodulation during the data
regeneration. Synchronization words are kmown from the
literature (Barker, Maury) wherein a small number of bit
errors in a synchronization word do not impair the definite
identification of the synchronization word.

4 digital signai transmission system is known from
DE~-A 1 30 13 554 wherein synchronization words are trans-
mitted and processed serially in a single data streanm.



-4 - In this case, two conparators are used which do not work

si mul t aneously and whi ch exam ne the data streamfor the different

synchroni zati‘on wor ds. It is not possible to elimnate phase anbiguity by
t he- above nmethod. It is the object of the invention to inprove the
recognition of the position in tine of the data streamin a systemfor the
digital transmission of information $tgnals, and to conpensate the (3

i nfluence of tinme errors, anplitude errors and phase anbiguities. The
problemis solved by the invention given in Claim]l. Further devel opnents
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synchroni zat on vaRg" RFeBISE TR %ﬁ&’e&eﬁm Ty Diyefffeb el¥En. 1h ¢ i e
‘E‘/r( chr oni zat Fontherddewvied opinendsc @fprilee inventyiensate ddéserihed liat ween
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nonents T [erﬁ? S0 that the synchronization words are reliably

recogni zed even i Byt Hel nswéh@eenaiﬁn|4ﬁcorﬂinsuﬁpgﬁh@yinﬁenﬁéoepskhe
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function fornggtalnty. - The length of the synchronization word is
relatively short in relation to the subframe length and
the associated redundancy is minimal. The synchronization
words are selected so that a failure of the synchronization
occurs considerably more rarely than errors which cannot
be corrected in the information.

For the recognition of the synchronization words at
the receiving end, the words have to be considered in an
excellent position in time in correlators. In the un-

W, displaced position of the autocorrelation function, that
is to say for the moment T = O, the synchronization words
contain a pronounced maximum. For all moments T ¥ O,
the autocorrelation function is minimal in amount.

A CPSK modulation has a phase ambiguity. This ecan
lead to the fact that the synchronization word arrives at
the receiver in an inverted position. The synchronization
words therefore comprise a very small difference between
‘autocorrelation function and inverted autocorrelation
function for all moments T ¥ O, so that the synchronization
words are reliasbly recognized even in the inverted position.

The ambiguity in the CPSK demodulation can be compensated
by the evaluation of the correlation function formed in



-5 - the receiver between the stored sync word and the received sync word.
The position in time of the beginning of the frame is determ ned by the
regylt of the value determined in the correlator and by a foll ow ng
threshold logic in so far as the control signals derived from both
correlators are supplied to a logic circuit, which are interrogated in ail
defined data wi ndow.. For the correcti®Bn=of tine errors which may lead to a
bit slip, it is proposed to check the cross correlation function in a
slightly w dened data w ndow. Wih reference to the position of the
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cross correlation function for the moment T = 0 must Dbe
greater in amount than the cross correlation function for
moments ® # O. This is only possible, however, up to
a maximum number of bit errors in the synchronization word.
The maximum permissible number of bit errors is the greater,
the longer the synchronizetion word is selected. A
favourable compromise was reached between the two requirements
of small redundancy and high probgbility of residual errors.
As a result-of the synchronization words, with a length
N of the synchronization word of 16 bits, up to any 3 bit
errdnscan be permitted in a synchronization word without
the unamhiguity of the recognition of the synchronization
word being lest. If the width of the window for checking
the synchronization word is more than 1 bit, it must be .
borne in mind that the synchronization word may be distorted
by bit errors caused by the disturbed channel and by
neighbouring data.
With a window width of five timing pulses, bit slips
of up to¥ 2 timing-pulses can be detected through the
synchronization words by means of a threshold logic and
the shift in time can be eliminated. In order to meet
the criterion that the failure of the synchronization shkould



the shift in tinme can be elim nated. In order to neet the criterion that
the failure of the synchronization should -6- occur considerably nore
rakely than is presupposed by the maxi mum perm ssi bl e residual error
probability for distorted information which cannot be corrected, it is 1i
proposed, with a division of the main frame into two subframes (dlglt

pl anes A and B), to provide the sanme orbanm equival ent pattern of the same

| ength for the synchronization in both subfranes. Wth a correlator for
each of the subfranes A and B, the two sgnchronlz ation words can_be checked
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My appear i ghgs' @ystem for the frame synchronization, synchronization
errors only occur if both synchronlzation words are each -
disturbed by four bit errors.

The invention is described in more detail below with
reference to an example of embodiment.

Figure 1 shows a block circuit diagram for the
evaluation of the synchronization words in the subframes
A and B,

Figure 2 shows a block circuit diasgram for determining
the cross correlation function,

Figure 3 shows a forked circuit,

Figure 4 shows a table,

N Figure 5 shows a circuit for determining the position
of the synchronization word,

Figure 6 shows an operation control.

FPigure 1 shows a block eircuit diagram for the
recognition of the synchronization words. The signal
arriving at the terminal 1 is fed to a 4-phase demodulator
2 (CSPK). The data stream is divided into two digit
planes A and B. Since the demodulation in the CPSK demodulator
2 is ambiguous,; the signals A, B may appear inverted or
non-inverted, that is to say there are two possibilities
for each digit plane. The data of each digit plane are
supplied to shift registers 3 and 4 respectively. The
cross correlation function is formed in the stage 5 or 6



non-inverted, that is to say there are two possibilities for each digit

pl ane. The data of each digit plane are supplied to shift registers 3 and

4 respectivelvy. ‘The cross correlation function is fornmed in the stage 5

or 6 -7- respectively by conparison of the data read into the shift .
registers 3, 4 with the synchroni zation word wired-in by a circuit Lg
arrangenment 44, Figure 2. The stages?5-and 6 are each storage nodul es

which are divided into two parts. By addition of the contents of the

cal | ed-up addresses ,of the stores in the additign stages 7 and
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respectively. he -out pyt.s e exc usive OR gates ar Prom
( PROM - progP&Fr'#aB-lse li#Redand hhe sinkernal Ixauei fiming i‘Pné"’SSibl}'
particul ar dgleaadfuisted APPERY idh Aikéwice 0be autprytaiakdl bedtoruthe OR
gates component data streams A and B have been received in the
inverted, non-inverted and/or interchanged position. If
necessary, the component data streams are corrected by
means of the forked circuit 12.

Figure 2 shows a circuit diagram for determining the
cross correlation function. The data stream passes from
the terminal 13 serially into the shift register 3. A bit
sequence of 16 bits sppears at each of the parallel outputs
of the shift register 3. 8 bits of each of the data

ANt words appearing at the parallel outputs of the shift register
3 are compared with the corresponding component code word
of the synchronization word through exclusive OR gates 47-49
and 50-52 respectively. The outputs of the exclusive OR
gates are fed to a Prom (PROM = programmable read only
memory) 14 or 15 respectively. The particular data pattern
appearing at the eight outputs of the exclusive OR gates
47-49 and 50-52 respectivély indicates an address in the
prom circuits 14 or 15. The contents of the called-up
store locations of the prom circuits 14 and 15 are fed
to an adder77. --Depending on the code word which appears
at the outputs of the shift register 3, certain addresses
are called up in each of the PROM circuits 14 and 15,



47-49 and 50-52 respectively indicates an address in the promcircuits 14

or 15. The contents. of the called-up store locations of the-promcircuits

14 gpd 15 are’'fed to an adder 7. Depending on the code word which appears

at the outputs of the shift register 3, certain addresses are called up in i3
each of the PROM circuits 14 and 15, whi ch addresses call up a store
content between -4 and +4 in binary eode formwhich corresponds to the
particul ar nunber of agreenents. The addition in the adder 7 gives the

val ue of the cross correlation function (-8 to +8). The two nost
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posi tion. represents the determined value of the cross correlation
function which is represented in the two's complement.

At the same time, the output signal of the exclusive
OR gate 17 is the most significant bit and thus represents
the sign of the cposs correlation function.

A further PROM circuit 18 is contrelled by the values
at the output of the adder 7 and at the output of the
exclusive OR gate 17.

If the address code words applied to the PROM eircuit

o 18 exceed a preset threshold in the value of their significance,
A the associated store locations are distinguished by a logical
nqn, A called-up store content of logical "1" which is
given out-at terminal 19 indicates the recognition of a
synchronization word while the state of the terminal 22
indicates whether there is an inverted or non-inverted
position.

Figure 3 shows a forked circuit which is controlled
by the signals E and F at the terminals 22 and 23.

The signals E and F come from the correlators for the
digit planes-A and B and correspond-to-the particular most
significant bit of the correlator output signal of A and B.
The e¢ircuit shown in Figure 3 is built up on the following
structure:



Figure 3 shows a forked circuit which is controlled by the signals E and F
at the ternminals.22 and 23. The signals E and F come fromthe correlators
for_the digit planes A and B and correspond to the particular nost
significant bit of the correlator output signal of A and B. The circuit
shown in Figure 3 is built up on the follow ng structure: -9- ( EF+
E.F) . (AE+tAE +(EF+F.E) . (B.F+B.¥)-D = (E. F+E. F) (B.F+B. F) +
(E.F+E.F) . (A E+X E) The output signals C and D at termnals 24 and .25 of

the forked circui ur sult wit i t si A and B at
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signal s of tloé' dher £ dokedd icircwit aongurecal re&fltawiithl ant dapedt i n :
Figure 2, ar t ter &Or 29
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E'ae
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circuit 33. rf%@£b&ﬂﬂ§ﬁ§9&ﬁ( éﬁﬁﬁ% %b *store | ocations of the PROM
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state. In or er t irst ‘tine, a S|gnal
is fed to th¥egdgten 3R 29 %op%%’{%ded £o7 each subframe.  The

shift registers 28 and 29 each contain 5 bit cells to the

middle values of which there is connected an AND gate 30.

Furthermore, there are strobe inputs 31 and 32 respectively.

The parallel oubtputs of the shift registers 28 and 29 lead

to a 1024 x 4 PROM circuit 33. The contents of the addressed

store locations of the FROM circuit 33 pass to an adder 34

to which counter contents from a preprogrammable frame

counter 26, 36 are likewise fed. In the example illustrated,

the counter counts up to an address 320 each time. As soon

as the counter has reached its end address, a pulse is fed
N to its load input 37 and the counter is again reset to the

preprogrammable initial state.

In order to search for the frame timing for the first

time, a signal is fed to the restart input 39 and sets

the counter 36 afresh. At the same time, the strobe

inputs 3% and 32 of the shift registers 28 and 29 are

actuated through the OR gate 40. Since the outputs of -

the shift registers 28 and 29 lead to the PROM circuit 33,

a specific address of the PROM circuit 33 is addressed -

each time. The outputs of the correlator threshold logic

of the digit planes A and B are connected to the serial

inputs of the shift registers 19 and 27 through the terminals

19 and 27.
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t he counter 36 afresh. At the same tinme, the strobe inputs 31 and 32 of

the shift registers 28 and 29 are actuated through the OR gate 40.  Since _
thewgutputs of the shift registers 28 and 29 lead to the PROMcircuit 33, aj9
specific address of the PROMcircuit 33 is addressed each tine. The

outputs of the correlator threshold logic of the digit planes A and B are
connected to the serial inputs of the shift registers 19 and 27 through the
termnals 19 and 27. - 10 - The pesi@ on of the data w ndow obt ai ned
fromthe operation control is present at term nal 38. It is applied to

t he strobe inputs 31 and gz via the STROBE gate 40. The information read

into the shift regtl3¢ecPes §iﬁﬁd°§9tgﬁtéﬁﬁ§1ﬂiﬂqﬂfrﬂhﬁﬁiﬂ%&mﬁ%@mnﬁhﬁn t he
- data wi ndow |®em10nabuntﬁdlblsrr9&-a%e&ft gt teraiiais 34, thepPREM circuit

the adder 54 SRLafCHhmEnEnSEEebE" Rahtha 31, apdl 2 aﬁ&é%eadﬁﬁﬁézg'
fromthe frarf@&im ng pul se. In the deS|red position of the
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course of t heiPEig pwlWe NObHe OBEAThEOBulse 18 ABS!thHe"hiddle storege
cells of the shift registers 28 and 29. Through the
AND gate 30 connected thereto, a pulse is delivered to the _
terminal 41. Through an evaluation logic which is ¢onnected
up and which is illustrated in Figure 6, a pulse is delivered
to the load input 37 via the terminal 39. Thereupon, the
counter 36 begins to count afresh. If the desired position
is not reached, for example as a result of a bit slip, the
counting total of the counter 36 is altered through another
called-up address of the PROM circuit 33. Thereupon, the
timing-pulse synchronization of the frame is displaced
o in the correct manner.
Figure 6 shows an evaluation logic to control the
course of the search and hold operation. The position
information of the synchronization word from the two sub-
frames A, B is fed to the terminals 22 and 23, As soon
as the synchronization word is present in the correct
position in time, the input terminal 41 receives a pulse
from the AND gate 30. The search mode is initiated by
a chgnge of state to logical 1 at the terminal 38 which
leads to the OR gate 40. A pulse at the terminal 39
passes via an OR gate to the load input 37 of the counter
36- and causes a fresh start of the frame counter 36. The
signal at the load input 37 represents the frame timing pulse
at the same time.
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i nformati on of the synchronization word fromthe two sub- frames A, Bis

fed to the termnals 22 and 23. As soon as the synchronization word is
present in the correct position in tinme, the input termnal 41 receives a |
pul se fromthe AND gate 30. The search node is initiated by a change of 10

state to logical 1 at the termnal 38 which |eads to the OR gate 40. A
pul se at the termnal 39 passes via.am{R.gate to the |oad input 37 of the
counter 36 and causes a fresh start of the frame counter 36. The si gnal
at the load input 37 represents the frame timng pulse at the sane tine.
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termnal 42 ,sq that. the thresho val ues ross correlation function
fixed by medfd o tiringciRe; WBales cligcapkt ptor hbhgeBisssr timeai ns The A
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transmission via satellites wherein the data sequences

are arranged following one another-in-time in a frame,

and wherein , in the receiver, the frame is divided into
subframes (A, B) which are parallel in time and represent

the data sequénces; charactefised~in that each subframe

(4, B) comprises a synchronization word of the same or
equivalent type of the same length, that a correlator

(3, 5, 73 4, 6, 8; 3, 7, 14, 15, 44, 47-52) is used for

each subframe (A, B) for the time recognition and 4if necessary
to compensate for the phase position of the subframes (A,

B), that code words which have an unequivocal maximum of
their sutocorrelation function for the moment T = O are

used for the synchronization and that the autocorrelation
function is minimum for all moments T ¥ O. '

2. A system according to Claim 1, characterised in
that one of the following synchronization words, their
inversion, mirror image (read backwards) or inverted mirror
image is'used, 0o representing'logical O and 1 representing
logical 1:

1. 0110100001110111

2. 0101101110111000

3. 0100100010001111

4. 0100010010111100



B), that code words which have an unequi vocal maxi nrum of their

autocorrel ation function for the nonent T = O are used for the
synghroni zati on and that the autocorrelation function is mninumfor all 18
noments T [err] 0. 2. A systemaccording to daim1l, characterised in that *9
one of the foll ow ng synchroni zation words, -their inversion, mrror inmage
(read backwards) or inverted mrror iJmgeds used, 0 representing |logical O
and 1 representing logical 1: 1. 0110100001110111 2. 0101101110111000 3.
0100100010001111 4. 0100010010111100 - 11- The PROMcircuit 33 only
delivers a pul se tThéhPROMr oiipei43 3% omlys\dedivers ad i pulla®r o i héound.
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digital information signals, particularly for digital sound
transmission via satellites wherein the data sequences

are arranged following one another in time in a frame,

and wherein , in the receiver, the frame is divided into
subrrames_(A, B) which are parallel in time and represent

the data seqpences,'characterised in that each subframe

(4, B) comprises a synchronization word of the same or
equivalent type of the same length, that a correlator

(3, 5, 75 4, 6, 8 3, 7, 14, 15, 44, 47-52) is used for

each subframe (4, B) for the time recognition and if necessary
to compensate for the phase position of the subframes (4,

B), that code words which have an unequivocal maximum of
their sutocorrelation function for the moment T = O are

used for the synchronizetion and that the autocorrelation
function is minimum for all moments T # O.

A

2. A system according to Claim 1, characterised in
that one of the following synchronization words, their
inversion, mirror image (read backwards) or inverted mirror
image is used, O representing logical O and 1 representing
logical 1:

1. 0110100001110111

2. 0101101110111000

3. 0100100010001111

4. 0100010010111100
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to conpensate for the phase position of the subfranes (A B), that code

wor ds whi ch have .an unequi vocal maxi mum of their autocorrelation function |
forithe noment T = 0 are used for the synchronization and that the L
autocorrelation function is mninumfor all norents T [err] 0. 2. A system
according to Caim1, characterised in that-one of the foll ow ng

synchroni zation words, their inversiorm 48 r0r imge (read backwards) or
inverted mrror inmage is used, O representing logical 0 and 1 representing

| ogical 1: 1. 0110100001110111 2. 0101101110111000 3. 0100100010001111 4.
0100010010111100 3.-A18ystem Aceprddmendsordiaig 1, Gharaatexihsedcieri sed

i n that a cirggg r n ' ' rprESEPE| £689 the
position in t%to?,?ﬁgggggc%f%ﬁ?%g??g@ &Eﬁﬁﬁ%r{ég&é ectin ﬂt)li"ale

posi tion in tFHECBR1IZ4RE FhgePogition, dne fiime A%ithe (Hynehronization

characteri sedwordtand foei covractinguthed)pdsdt i Mandiiite (O $H6 Ofbate dat a
streans (A and B) is provided which is controlled by a synchroni zation-word

recognition circuig. p. t ' ) [ [ sed in
thatgi n order to f%hd?oﬁ?at%ﬁé §§h§%§§%gz§ﬁ tgniasqtngtﬂ’] #&%ﬁ#fé%étg or
agai n, the priéathce eirendts{RiEnse Zdt for wachangine tthal intoring. data
system accor dsPedits (Al Bhd. BONABAPREVARERGHIY Wl JHLIPLIY By &t al es
are provided and Jin a,flgit ogeigtln%pstate, the presence of the
synchr oni zat i SPPREIRI Bk lonnHeRE s TeRPBR1MA®N eimauidmchr oni zati on pattern
is recogni zed, switching over into the second operating state is effected
in which the phase5poki syptenf acborddhg $o0®uim i1, Wmtastérisddrin 2 bit
Ligeng pul Sespfd e NGrdhMBb $1AA°0RR tnd WYRRIEHs Alurliy |8 FERHALC
first time or again, the presence of the synchronization

word is checked twice.

6. A system according to Claim 1, chararacterised
in that two operating states are provided and in a first
operating state, the presence of the synchronization pattern
is checked twice and if the synchronization pattern is
recognized, switching over into the second operating state
is effected in which the phase position of the data sequence
is checked for + 2 bit timing pulses from the normal state
and in the event of deviation from the normal state a time
correction is effected immediastely in the next frame.

7. A system according to Claim 1, characterised in that
in order to determine the synchronization word, two
storage modules (14, 15) are used, the outputs of which
give the value of the cross correlation between the stipulated
and the received synchronization word, via an addition
circuit (7). '

8. A circuit according to “Ylaim 1, characterised in
that a threshold logic is present which contains a storage
module (18) in which an address, under which the representative
values for the states:'sync word present, inverted sync word
present and no sync wofa_present, are stored, is associated

with each cross correlation value.
 —
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correction is effected imediately in the next framne. 7. A system according
to Caiml, characterised in that in order to determ ne the synchronization
word,, two stofage nodul es (14, 15) are used, the outputs of which give thgj
val ue of the cross correlation between the stipulated and the received
synchroni zation word, via an addition circutt (7). 8. Acircuit according
to Caim1l, characterised in that a-tfhBeshold logic is present which
contains a storage nodule (18) in which an address, under which the
representative values for the states: sync word present, inverted sync word
present and Rigmae dord present, are stored, is associated with each cross
correl ati on val ue. - 13 - Figure 1 Sync a,h%es/ sequence Figure
2 Hol d node Figure 5 Search node Data w ndo srgé I Load Count er
Preprogranming Figure 6 Frane timng pul seSTRREpSCAUSHLE | i p-f| op Mode
flip-flop Search node Franme restart

Figure 2
Hold mode

Search mode
. . Data window signal
W, PROM
. Load Counter
Preprogramming

Figure 6

Frame timing pulses
Preparatory flip-flop
Mode flip-flop
Search mode
Frame restart
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