The inyention relates to a process and a device for synchronising digital
|nforna¥ on signals as described in the preanble of Cains 1 and 10. In the
transntsS|on of information itens, signals are taken froman information
source and fed to a transducer by which the signals are converted into
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di stributed i mwlghronising word, it is decided whether a new build-up
process must be initiated to find a synchronising word in
another time period. "Tuning"™ is to be understood in that
the error rate of the synchronising word is allowed to
remain at such a level that only in the case of no longer
correctable transmission errors or total failure is a new
build-up process started. This is disadvantageous inasmuch
as a relationship must be established between disturbed
synchronising words and disturbed data words, and this
relationship must be tuned in such manner that the error
rate in the synchronising word is assessed as being too high
only when the decoding of the data word also does not result
in utilizable signals.

The aim of the invention is to improve upon the
synchronising process; in particular synchron1s1ng words are
to be spared, the effective time for data words is to be
extended and the signal-to-noise ratio is to be increased.

This aim is fulfilled by the measure described in
Claim 1. Advantageous further developments of the invention
are described in sub-claims.

: - Since disturbances are uniformly distributed in the
disturbed data transmission channel, synchronising words and
data words are disturbed to the same extent. 1If the data



dlsturbed data transm ssion channel, synchronising words and data words are
di-st uk: eg to +he same extent. If the dat a 2 words are transmtted in a
code which automatically corrects the data words, this correction is a
gauge of the disturbance in the data transm ssion channel. The nunber of
corrections, i.e. the nunber of correctable bits in a data word, is thus a
gauge of the existence of a disturbance in a data transm ssion channel. If
a correction of the data words cannot be caried out over a relatively |ong
period of tine, the data transm ssion channel can be described as totally
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Figure 1 is a diagram of an information transmission
system;

Figure 2 illustrates data sequences in an information
transmission system;

Figure 3 is a diagram of a circuit for the
recognltlon of synchronlslng words;
- ‘Figure 4 is a diagram of a second circuit for the
recognition of synchronising words;

‘Figure 5 is a diagram of a monitoring circuit for
synchronisation; _

Figure 6 is a diagram of a circuit for carrying out

Y concealments;

Figure 7 is a block circuit diagram for the
recognition of synchronising words and

Figure 8 is a circuit for changing over between the
build-up process and the steady state.

Figure 1 illustrates an information source 1, a
transducer 2, a transmitting device 3, a data transmission
channel 4, a disturbance 5, a receiving device 6, a
transducer 7, a decoder 8 for data words, a detector 9 for
synchronlslng words, a monitoring unit 10 for the
synchronisation, and an information sink 11. In the
transducer 7 data sequences are fed to the decoder 8 for
data words and to the detector 9 for synchronising words.
In the build-up process the detector 9 searches for
synchronising words. If the detector 9 recognlses
synchronising words several times in succession in a given
time frame, a switch-over is made to a steady state. In the
steady state both the decoder 8 for data words and the



synchroni sing words, a nonitoring unit 10 for the synchronisation, and an
iniprmquon sink 11. In the transducer 7 data sequences are fed to the
decoder 8 for data words and to the detector 9 for synchronising words. In
the buil d-up process the detector 9 searches for synchronising words. |If
the detector 9 recognises synchronising words several tinmes in succession
in agiven tinme frame, a swtch-over is made to a steady state. In the
steady state both the decoder 8 for data wds and the 3 detector 9 for
synchroni si ng words nonitor .the synchronisation. The nmonitoring unit 10
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the preceding data words 23, 25, 27, 29 and 24, 26, 28, 30.
This BCH-code at the same t1me 1ndlcates w1th1n 11m1ts that
fault correction is no longer possible. In this case a
concealment is carried out. "Concealment" is to be
understood as the use of substitute values for faultily
transmitted sample values. If a plurality of (more than
three) faulty sample values are transmitted in succe551on,
in the event that synchronising values also occur in
adulterated form, the data transmission channel can be
described as out of order and therefore a new build-up
process must be started.

Figure 3 illustrates two buffer stores 61, 62, two
matrices 63, 64, an AND-gate 65, a shift reglster 66, a
NAND-gate 67 a clock input 68 for a clock signal TF (clock
signal for the window for a synchronising word) and an
output 69. The data sequences of channel A and channel B
are fed through the buffer stores 61, 62. The matrices 63,
64 connected to the buffer stores 61, 62 recognlse the
synchronising words. The matrices 63, 64 recognise the
synchronising words even when these contaln one faulty bit.
In the case of one recognition of two parallel synchronising
words in the two sub-frames channel A and channel B, a flag
bit (status bit) is set in the shift register 66. 1In the
steady state the shift register 66 is started via the input
68 by the clock signal TF, and thus the flag bit is set,
whenever the recognition of a synchronising word is



adul terated form the data transm ssion channel can be described as out of
order «qang therefore a new build-up process nust be started. Figure 3
illustrates two buffer stores 61, 62, two natrices 63, 64, an AND gate 65,
a shift register 66, a NAND-gate 67, a clock input 68 for a clock signal TF
(clock signal for the window for a synchronising word) and an out put 69.
The data sequences of channel A and channel B are fed through the buffer
stores 61, 62. The matrices 63, 64 connectedl to the buffer stores 61, 62
recogni se the synchronising words. The matrices 63, 64 recognise the
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absence of a synchronising word or in the case of a
synchronising word containing a plurallty of errors and a
permanent error in the data word, is the flag bit not set.
The permanent errors in the data word are recognised by the
circuit 83 for error correction. The permanent errors are
reported via a negator 82 to the OR-gate 81.
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Figure 6 illustrates an error correcting circuit 83,
buffer stores 84, 85 and 86, a mean value circuit 87, a
change-over switch 88, a circuit breaker 89, data word lines
90-95 and control lines 96 and 97. Consecutive data words
ATWn + 1, n and n -1 (sample values n + 1, n and n - 1) are
intermediately stored in the buffer stores 84-86. If the
sample value n is recognised by the error correcting circuit
as being error-free or error-correctable, the sample value n
is fed via the data word line 90 and the change-over switch
88 to the output ATW’. If a sample value n is recognised as
being no longer correctable, a mean value of the preceding
sample value n - 1 and the following value n + 1 is formed
in the circuit 87, and this mean value is fed via the
change-over switch 88 to the output ATW/. If a plurality of
sample values are recognised in succession as being
uncorrectable, the last value to have been recognised as
error-free, which is intermediately stored in the buffer
store 86, must not be erased. The control line 97 controls
the circuit breaker 89 in such manner that in the case of a
plurality of consecutive, uncorrectable sample values, no



absence_of a synchronising word or in the case of a synchronising word
contaqupg a plurality of errors and a permanent error in the data word, is
the flag bit not set. The permanent errors in the data word are recognlsed
by the circuit 83 for error correction. The permanent errors are reported
via a negator 82 to the OR-gate 81. Figure 6 illustrates an error
correcting circuit 83, buffer stores 84, 85 and 86, a nean value circuit
87, a change-over switch 88, a circuit bregker 89, data word |ines 90-95
and control lines. 96 and 97. Consecutive ddata words ATWn + 1, n and n -1
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tabl e shows the operation of the circuit illustrated in Fi 3 (C=
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In line 1 of the Table, when the sample values
ATWn+1, ATWn and ATWn-1 are error-free or corrected in the
buffer stores 84-86, the same value ATWn is fed to the

‘ output ATW’. In thls case the control lines 96 and 97 (1.BF
and X.BF) are set at low. 1In the 2nd line, the sample value
ATWn is again fed to the output ATW/, although the sample
value ATWn+l is uncorrectable. If, as shown in line 3, a
sample value ATWn with an uncorrectable error is
intermediately stored in the buffer store 85, but error-free
or corrected values are intermediately stored in the buffer
stores 84 and 86, the mean value formed from the sample
values ATWn+1 and ATWn-1 is fed to the output ATW’. Line 4
shows that an error-free or corrected sample value present
in the buffer store 85 is fed to the output ATW’ even when
the buffer stores 84 and 86 contain uncorrectable values.
Line 5 shows that the last utilizable sample value ATWn-1 is
retalned in the buffer store 86 and is fed to the output
ATW’ when uncorrectable values arrive in the buffer stores
84 and 85. Lines 3 and 6 are identical. Line 7 shows that
when an error-free or corrected data word is present in the
buffer store 85, the switch 89 must be reset.

In the case of 4-PSK demodulation, two parallel bits
are obtained in respect of each transmitted information
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hal f war ds. up process, two synchron1s1ng halfwords are sufficient to
switch on a frame bit counter 105 via a switch 103.
Advantageously, via a change-over switch 104 the frame bit
counter 105 instigates an error check of the currently
received synchronlslng words. The error checking procedure
using the shift register 71, the comparators 72, 73, the OR-~
gate 74 and the error counter 75 has already been descrlbed
with reference to Figure 4. The frame bit counter 105 and
the switches 103 and 104 cooperate in such manner that
during the build-up process synchronlslng halfwords are

o recognised and a switch-over is made to the circuit
-/ components 71-75 for the recognition of synchronising words.

A switch-over is made to the steady state following the
recognition of a synchronising halfword and following the
recognition of two consecutive, parallel synchronising
words. In the steady state, the result of the checking of
synchron1s1ng halfwords in the matrix arrangements 101, 102
is dispensed with. If a synchronising word is expected the
frame bit counter 105 loads the theoretical value into the
shift register and at the end of a synchronlslng word feeds
the result of the check from the counter 75 via the line
ABFN to the output QSY. At the same time the frame bit
counter carries out descrambllng. I.a., as a result of the
synchron1s1ng d1fflcu1ty in the receiver, which trlggers an
uninterrupted series of zeros or an uninterrupted series of
ones, scrambling is carried out in such manner that
sufficient changes from zeros to ones and from ones to zeros
are always available to ensure clock synchronlsatlon at the
receiving end. For this purpose a descrambler is provided



Fir gure 7 is a block circuit di‘agram of the synchronising word recognition.
Via the ¢hannels A and B buffer stores 61 and 62 are | oaded with

synchronl sing words. Synchroni sing hal fwords are recogni sed/ searched for in
matri x arrangenents 101 and 102. This procedure is referred to as search
procedure. The matrix arrangenent 101 checks the first 10 or 12 bits of the
two parallel synchronising words, and the matri x arrangenent 102 checks the
|l ast 10 or 12 bits of the two synchroni sin@ words (1 synchronising word =
11 bits, 1 synchronising hal fword S or 6 bits, 2 parallel synchronising
words = 22 bi@t, thepﬁﬁﬁei@ingyﬁmfhrmdsar@ﬂmhlwrdss —provided 2abithe .
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transmtting @ﬂﬂsecutlve synchron1s1ng words set the D-FF (delay-fllp-
flop) 115, which indicates the build-up process or steady
state) to the steady state. This would be termed as a
successful window check. If, in the search procedure, the
first two parallel synchronising words are not followed by
any second parallel synchronising words during the first
window check, the NOR-gate 113 responds, resets the shift
register 66 and triggers a new search procedure.



Figure.8 illustrates the sshift' register 66, a NOR- gate 67, an input 68 for
cas Sigr L\TF,fan output 69 for a signal SSU (search for synchronising word),
i nputs Tor signals QSY and Stop and the negative BF signal, an OR-gate 81,

negators 111 and—112—NER-gates 113 and 114, a D FF (delay-flip-flop) 115,
an AND-gate 116 aiﬂﬂiﬂ"ﬁut ut SA. Via the |nput SI, flag bits are fed into

present. In the s ND-gate 186 is rel eased via the
stop-input and a flag b|t can *be”set via the OR-gate 81 when a data word is
synchroni si ng \wor ds %{e reco%plsed I n the bUI|d up ocess the AND-gate S
di sabl ed by t He st op* Ning
O )
df) rs éPlaI

flag-bits the output @?ﬁg %gﬁg s%ﬁéﬁ?&ﬁlsatlon
of the current main V ne % g t

48550 g iR
for a synchronising Wﬁh@%&sdbi!ggﬁi 69
with the signal SSU. 2Ad bie che@rid e&% oF conel § cﬁr)oge‘s’gge'ﬂl S0 era B
process, via the NCRagsbarbh4p@u@eda&@gﬁsseiarteﬂst&utuma gnachroni si ng
words set the D FF (eynshronising eordslandvwhelreindinatestebdybsithtteup
successf ul mAndOM/che@hraptenlﬁe@hens¢@E$g;g§05wnqheonuBetﬁpnsmonmmOrlng
paral | el synchron|5|z 1RGAys anad Y#es fo ofy they syacbranpsing words

the shift registe ""l&ﬂ bits indicate mhether synchroni sation is
present in error-free or error- correctedkadms or when two parall el
synchroni sation. In

synchroni sation is d r gw search
i nput the NOR-gate 6dagat s:ot:aetEaHémlEél@Tn ,Qwhelrednlin! B bl¢1BLLplp¥Bcess
process or steady st&hengesowviesr diseagesttat synthirsnisakdohembad tetiag,a
syachr oni si ng wor ds ZU &lfi B2) RIFd BwChRE é ofy ﬁéeN€RrQ§t€aI§3°f

responds, resets the BFoxAg 23gg FQ)a tbatsanr Ehepsteadyr e.
8 Clains 1. A pr8 POF es 8ﬁr&ﬁ|§§9% Oof ey FP&P“FEPBEﬁHtWBﬁn
signals in a receiye doRger pe PEFFF éa tlng,

wher ei n synchr oni si ngy afas t%2§r§ lﬁéﬂg s aﬁﬁ%
transmtted in regulﬁgobbgg Mgy s Fsh EH gh? i Slng
wor ds and/ or data wo gfg9§§g§soﬁla%a K g EE e.
error-correcting codgyﬁagﬁbnhgluge 1@%0&@% ggg whe kgaans SS|oh wﬂerein
in a build-up process a search procedure is ‘started to find the
2. A process as claimed in Claim 1, characterised in

that the steady state is maintained when a limited

number of errors are present in the synchronising

words (21, 22, 51, 52).

3. A process as claimed in Claim 1, characterised in
that the steady state is maintained when a limited
number of consecutive synchronising words (21, 22,
51, 52) are absent.

N~ 4, A process as claimed in Claim 1, characterised in
' that the steady state is maintained when a limited
number of consecutive synchronising words (21, 22,
51, 52) possess a limited number of errors and/or are
absent.

5. A process as claimed in one or more of the precedlng
claims, characterised in that the steady state is
maintained when one or more uncorrectable data words
(23 - 50) are received.

6. A process as .claimed in Claim 5, characterised in
that one or more concealments (Figure 6) are
performed for one or more uncorrectable data words
(23 - 50).

7. A process as claimed in one or more of the preceding
claims, characterised in that a change-over is made



synchr.oni sing words and wherei'n in a steady state a change-over is made to
synchepm sati.on nonitoring, characterised in that the synchronisation

nonitoring jointly an t he synchronising words (21, 22, 51,
52) and a check of thﬁlﬂmmlmnﬂlmnmllr ansmtted data words (23 - 50), that
in the steady state a ehamnge:r ower si s*nade to resynchroni sati on when a data
word can no | onger be corrected and a plur&@ity of ‘consecutive

synchroni sing words are recogni sed as being incorrect, and that in the
search procedure to ﬁﬁﬁﬂdt?efbﬁalﬁ'g nEﬁP§ﬁ$§|hgtﬂo?begﬁéeédﬁb$9a%mlWhgﬁrts
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22, 51, 52) possess a limted nunber of errors and/or are absent. 5. A
process as cl a.nmed i A ppécessnasechainBa phecedimg7cbai 8%, chipactéeisedd i n
t hat the steady staténi thati at aimétedhaambee of aprersnaverpetmbteedaim
words (23 - 50) are tbeesyndhrénisingAwprdse$21as2el, abhed52h. Cl ai m 5,
characterised in that one_or nore concealnents (Figure 6) are performed for
one or nore uﬁ@orrec#aé?@léét§°ﬁoFb§ﬁ§YBCthO}Sa¥1°n °fA@b96§@ s as clai med
in one or nore of thén PEE@HFH gLgnAsS dRaRaEPERLYEY Kﬁ t R t bﬁchange over
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22, 51, 52) and/o data word transmission, wherein in a build-up process
a search procedure is started to find the
synchron1s1ng words and wherein in a steady state a
change-over is made to synchronlsatlon monitoring,.
characterised in that the device comprises a
synchronisation monitoring unit (10) for checking the
synchronising words (21, 22, 51, 52) with a
synchronising word detector (9) and with a data word
decoder (8) for checking the error rate of '
transmitted data words (23 - 50), that the
synchronising word detector (9) comprises a circuit
(61, 62, 63, 64, 65; 101, 102, 103) for recognising
the synchronlslng words, and that in the steady state
a change-over is made to resynchronisation when a
data word can no longer be corrected and a plurality
of consecutive synchronising words are recognised as
incorrect in the decoder (9).

11. A device as claimed in Claim 10, characterised in -
that a shift register (66) stores the state of error
rates of the synchronising words and/or data words in
the last n time periods (main frame).

12. A device as claimed in Claim 10 or 11, characterised
in that a circuit (83) is provided for the error
correction.

13. A device as claimed in Claim 12, characterised in

that the circuit (83) controls a circuit (84 - 89)
for the formation of concealments.



error free or error-correctable data words (23 - 50) are received once or
severl

charactetised in th er of errors are pernmtted in the
synchroni si ng wor dsﬂ ! @MHW A device for the
synchroni sati on of *gl L I on 5|gnals in areceiver (6, 7), in
particular for satellite broadcasting, whegein synchronising words (21, 22,
51, 52) and data words (23 - 50) are transmtted in regular tinme (main
frame) period3s.wherdi devheesgschlaimedninvwonesonmiéve dft@laimsislpdssess a
uni form code word | ehdt hchadaeherised- torthati agftipef1G0Hj 118) ustordr the
data word transni ssi he bhéldrwupi pracess| stapeppoctbe steady cstatecedure is
started to find the synchronising wrds and wherein in a steady state a
change- over i45made 60d§Yh€ﬂr%ﬁ|§ ?%Eﬂdnﬁhl?ﬁﬁl MeKEr Et%¥¢§¥§1491ﬁ%at
the device conpri ses] é's Hﬁﬁgﬁg?%éf?ﬁnlﬂn ﬂgrﬁﬁ b{E oynter h%%ﬁ? 9
the synchronising wog wRjchgou s?ﬁ@ ?Bn? i BHESot ' ect or

(9) and with a data morg Secoder (8) for checklng the error rate of

Lranswit{ ed daa wordoakdioe 90)cyibiaba ! if aaC Ngs V1 g et £51as (9)

conprises a circuit ggl gra er Ped §n tRdt €Re. S%é gi?f: ESGREEY St 185 § he
synchroni si ng words, cagglégabutndé eramBRigst at e a change-over is nade to

resynchroni sati on when a data word can no Ionger be corrected and a

plurality of consecutive synchronising words are recogni sed as incorrect in
t he decoder (9). 11. A device as clainmed in Caim 10, characterised in
that a shift register (66) stores the state of error rates of the

synchroni sing words and/or data words in the last n tine periods (main

frnape). 12. A device as clainmed in Caim10 or 11, characterised in that
acircuit (83) is provided for the error correction. 13. A device as
claimed in daim1l2, characterised in that the circuit (83) controls a
circuit (84 - 89) for the formati on of conceal nents. 10 14. A devi ce

as clainmed in one or nore of Cains 10 to 13, characterised in that a
flip-flop (115) stores the build-up process state or the steady state.



15. -A device’ as clafned—fﬂéﬁﬁe—er nmore of Clains 10 to 14, characterised
i h. thaLJa frane is provided which counts the nunber of
bits in the fra !!iﬂl“fj’ii&@'ce as clained in one or nore of Cains 10
to 15, characterise rane bit counter (105) carries out

descranbl i ng. Key to Drawi ngs Figure 1 51) I nformati on source (2)
Transducer (3) . Transmtting device (4) Data transm ssi on channel (5)
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franme (4) Data transmission channel
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Figure 2
N/
(1) Synchronisation (Barker Code)
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(3) ZI-synchronisation
(4) Special services
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(6b) BCH-redundancy
(éc) Bits information
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(12) Main frame



