1 21/11/2003 Error correction encoding a data stream of information The invention relates to an
apparatus for error correction encoding a data stream of information into blocks of error correction
encoded information, the apparatus comprising: - input means for receiving the data stream of
information, 5 - error correction encoding means for cdrrying out an error correction eptddi?g@dep on
portions of said data stream of information so as_to obtain said blocks of error correction encoded
informatiorr P bRSEESE IO PEti AR REEB P IHRSFTAHE comprising a plurality of n sync blocks,
each sync block comprising a sync word and a portion of said error correction encoded information,
where n is a positive integer larger than 3, 10 - output means for supplying said blocks of error
correction encoded information. Such an apparatus is known from WO 96/31880. The known
apparatus discloses the generation of different sync words for the 15 sync blocks in a block of error
correction encoded information. This enables the identification of the position of a sync block within a
block of error correction encoded information. In spite of this, errors occur after receiving the error

correction encoded inforaeii@ertieh egntaoiolm eppaatad fier dirdhereoticouraitingiammormally
available in the receiver. 20 The invention aims at improving the errar correction capability. In
A Bigeks g Rl B

accordanc¥ R e RBIESR, HHe RISSKF HERE GUrREtPRSTRAIE bR rmatni bR ARBH S ased on the

following receghitiap; Sync words used for 25 identifying the sync blocks are generally unique bit
patterns that do not occur elsewhere in the serial d?ta tream of information. A further aim is to
uniquely idelﬁﬁﬂy fﬂ%a@(gj%'ir&ggmg}g %Félas'f}r?éf%%&& i g%lgi)’of n sync blocks in the blocks of error
corredion eacodeastréofimaioodinbhiscbaq dinesaarykut ality aof srrotuliyedifterent jing werds. 1t should
further be noted th?t thff frror correcgo# ca%g)abilit%/ increa?%es for ia%ltfeagin size of the blocks of error
2 21/11/2003"RBHRCHYA SHESHEATHIO M AY A& Ih QT A IR eSS SRS 5FE)RC blocks in a
block of ersacetrddatiameticodetl itfoonationcddentibrirgeaed sifoeninidok seppratiely wduldlimean as
many synco}zvr?gds there are s nchIO(f(ks in a.block of error corr tion enco ed.d
ynce blocks, eacn sync block comprising a Sync word and a portion of said €rror
correction encoded information, where n is a positive integer larger than 3,
10 - output means for supplying said blocks of error correction encoded information. Such an

apparatus is known from WO 96/31880.

The known apparatus discloses the generation of different sync words for the
15  sync blocks in a block of error correction encoded information. This enables the
identification of the position of a sync block within a block of error correction encoded
information. In spite of this, errors occur after receiving the error correction encoded
information that can not be corrected for in the error correction step normally available in the

receiver.

20

The invention aims at improving the error correction capability.
In accordance with the invention, the apparatus as defined as per claim 1.
The invention is based on the following recognition. Sync words used for
25  identifying the sync blocks are generally unique bit patterns that do not occur elsewhere in
the serial data stream of information. A further aim is to uniquely identify the exact position
of a sync block in the array of n sync blocks in the blocks of error correction encoded
information. This requires a plurality of mutually different sync words. It should further be

noted that the error correction capability increases for increasing size of the blocks of error



information. In accordance with the invention, with the requirement that the sequence of two 5 sync
words of two sync blocks that are separated from each other by two sync blocks in the block of error
correction encoded information is unique for each such two sync blocks in the block of error correction
encoded information, less mutually different sync words are needed, so that more wa@tis BEpd@d/ailable
for the information itself, whilst moreover improvin%éhe error correction capability. 10 This enables a

I

reliable def8FHiftAoTEP4RL BEURGH BF dha! RS B I EAs VUM TR ESAS O it tHE?sync word

of this synglbleckfangithersynbwendsdktha fpreaadingdentping xhsly R licwashissEdwdbl@0 These
and other aspects of the invention will be apparent from and {)%Eﬁr elucidated with respect to

embodimeRtE A8 PRSI S IS Klre s }Pﬁﬂféﬁf} fh R RLVCTESRARE SPERSK of error
correction @fieeaatbinformatemiecingsymneiocks @l thtoregatiomehigtia theReyiast embadiment

of the error correctipn encoding apparatus, and figure, 3 shows an empodiment of an error correction
apparitus FIGUET NS A i e AT A
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incorporatﬁ)rﬁoﬁ'n‘ffflfﬁ%nr?&f%q’ B¥P1 of each of the sync blocks. In an embodiment of the block of error
correlgtion encoded infolFhatianbitcisa adsabradt thatinaBdnasfdlibabsitivutotihe differrickync words are

d fori tion in the first ts. FP 1 of the 3 bl 321/11/2003 Inth ble qi
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15 These and other aspects of the invention will be apparent from and further
elucidated with respect to embodiments described in the following figure description, in
which

figure 1 shows a block of error correction encoded information, including sync
blocks of information,

20 figure 2 shows an embodiment of the error correction encoding apparatus, and

figure 3 shows an embodiment of an error correction apparatus.

Figure 1 shows a block 10 of error correction encoded information obtained
25  from carrying out an error correction encoding step, generally known in the art, on a portion
of the incoming data stream of information. The block 10 comprises n sync blocks, denoted
SBi, SB,, ...., SBy.1, SB,. Each sync block comprises a sync word, included in the first part
FP1'in each of the sync blocks and the remaining part FP2 of the sync blocks is used for
storing portions of the error correction encoded information in. A limited number of m
30  mutually different sync words are used for incorporation into the first parts FP1 of each of the
sync blocks.
In an embodiment of the block of error correction encoded information, it is
assumed that n=31 and that 7 mutually different sync words are used for incorporation in the

first parts FP1 of the 31 sync blocks.



embodiments, 7 mutually different sync words are available, swO to sw6. As can be seen, in each
embodiment, the sync word swO is used for the first sync block of the block of error 5 correction
encoded information. The other sync words are used to identify the sync blocks numbered 2 to 31 in
the block of error correction encoded information. 4 Table 1: various sequences of sypt/Wadpde3
21/11/2003 Sync block Sync word Sync word Sync word Syn¢ word sequence no.lggeemb diment2nd
3rd 4th embodimentemBBAin ERNE RSSRRTLNY 10 O¥IOS A ERRRA SO e Rk

4SW2SW2S¥YasiW3rRsiN 38 WaSYAR AV EISHALIO ISy 45Ven AWV ASW SRA S BB o@iseAsyv Bl
9sw5swA4sw5sw5 10sw4sw5s 11sw3sw3 4 12sWwAsw5swesw3 13sweswisweswi
e S ARt el Ao oo S B e A EaR BEWER

each embodiment, the sync word swO0 is used for the first sync block of the block of error
5  correction encoded information. The other sync words are used to identify the sync blocks

numbered 2 to 31 in the block of error correction encoded information.



17sw3swbswasw5 18swbesw3swilsw3 19swisw3swisw2 20swasw2sw4sw2 21sw4swesweswb
22swlsw2sw3swb6 23sw3swsswbswb 24swisws5sw2swl 25sw5sw4sw2swl 26sw6sw2swesw6o
27sw6swaswisw2 28swbswbesw3swb 29sw3swbswisw4 30swsswiswbsw4a 31sw2swadswbsw2 5 It is
submitted that the apparatus of the invention generates the blocks of error correctior2éridopiéees
information in accordance with the array of sync words in one of the columns given below. From the
examples given above, it is clear that the array of sync words satisfy the following rules: 10 1. A

sequence Thbuo1sWIE- e s ff di@ ssebsanueei-gync blocks in the block of error correction encoded
information is unique for each two subsequent sync blocks in the block of 5 21/11/2003 error

hodim

correction-encoded-information—-An-example-in-the first embodiment,the sync-words—of the sync
blocks SB2YYEISE28 are X064 sws| PHRCSEdence P S Y9t word§3§‘&%ﬁ"t%rdonly ance in the
sequence SIBEEGHOwordd. EIRREIMSfefably, also the séquence of the|ldst sync word jn a block of
error corfection-encoded-information-and tABAPSBGAL worB RIS et hSRROFIBEYr correction
encoded idformation is unii®. 2. Each tim®vo sync word®8f two sync BI8¥s in the blogk of error
correction %nr‘ndpd infor T\S.:Wi]ﬂn hping se 1§W:n]tpr| from pm‘ﬁvﬁlhpr h\}/ one :\JSWA block is ||ni1que for each
group of o sync block i#Mthe block of erf¥Ecorrection ef®ded informatti om each
other by hAe sync block A?Wegxamplp' in thi"&econd emhq él‘?ﬁnnt, the syn SWards of the sync

5 sw3 sw3 sw2 sw3

6 sw2 swl sw4 swl

7 sw4 sw3 sw4 sw4

8 SW5 sw4 sw2 swl

9 SWS5 sw4 SWS5 SW5

10 sw4 SW5 sw3 SW5

11 sw3 sw3 SWS5 sw4

12 sw4 SW5 SWb6 sw3

13 SWb6 swl SWb6 sw4

14 sw2 swl SW5 SWb6

15 sw2 swb sw4 swb

16 swb6 SW5 sw3 sw3

17 sw3 swb sw4 SW5

18 SWb6 sw3 swl sw3

19 swl sw3 swl sw2

20 sw4 sw2 sw4 sw2

21 sw4 Swb6 swb sw5

22 swl sw2 sw3 swb

23 sw3 SWS5 sSwb6 sw5

24 swl SW5 sw2 swl

25 SW5 sw4 sw2 swl

26 SWb6 sw2 SWb6 SWb6

27 swb sw4 swl sw2

28 SWS5 swb sw3 swb

29 sw3 swb swl sw4

30 SWS5 swl SW5 sw4

31 sw2 sw4 SW5 sw2

5 It is submitted that the apparatus of the invention generates the blocks of error
correction encoded information in accordance with the array of sync words in one of the
columns given below.
From the examples given above, it is clear that the array of sync words satisfy
the following rules:
10 1. A sequence of two sync words of two subsequent sync blocks in the block of error

correction encoded information is unique for each two subsequent sync blocks in the block of



10 blocks SB13 and SB 15 are sw 1 and sw6. This sequence of two sync words occurs only once for
sync words of sync blocks being separated from each other by one sync block in the block of error
correction encoded information. This requirement is preferably also valid across the boundary
between two subsequent blocks of error correction enéoded information. 3. In accordamdd A&iib3the
present invention, each time two sync words of two sync blocks_in 15 the block of error correction

encoded iffEPRERTETFLRPSPSRGH I RaRPBHER BRI SR B Ik S RPARIGIFR HJP B BN GFBLE of two
sync blocksfithéhgletkcrt SBoy aalrsBtionenoodad sWwiImmalion senarafed dromeachiohwiby two
sync blocks. An example: in the third _embodiment, the sync words of the sync blocks SB2 and SB5
are swi anQWIFHR %8&6%%6&3%%m&%&a@é&&%%@ﬁ& pd é%%%%ea@pﬁiaﬁiocks
separated §yawvead 062049\ ivve seclacksdntie itaekadbariad darresicopnrencoded mtormation.
This rgquireme t is preferably alsq valid a rglsfwgle boundary between two subsequent blocks of error

correction &rt iR FGTRAGOR S LERCh WHER GG fvo sync blocks in the block of error
correction Ereagesminfaunatiowbals o Bepasgirthiters aadit dlbek by dhige sitoctidveksdgdddnique for

each group of 25 two sync blocks in the block of error correction encoded information separated from
each other B TAUBIRB HRETRS BRAHTERE: P YU RSOt 9P B AIS R fe. sync

blocks SBa0@sithSHadkaria sw Rzl sfdrbhisoseqtieneacoiibiarsynaaordspaacs 2ol caoke for sync
encodiot RHBFHONE THR FUGCh TN Pt g s S o e RPB SUHUR) e o
subseguemniikekBef ardBBArecieon entodedihfosnalinoe Quwogyaceniids alcardais suram
comprisny a1 oL bac Lt ceoten tpped pTIURD SbSSRUSIL i o
SBi+2, have aybe wﬁﬁdﬁiodea‘ﬂnedeﬂsimm. ShE mimﬂm@e&pﬂﬂw&m WRA/AH2003:
Suppose e RSB UG NG e e ok SPLs Jebrpe g rmtbe
sync word3.datisfyotidenatr ayithitby pecvemtdavantioo) kdah canwitty dhg niirsbeds lbd dvosnh dibbsrk e
e 0 S BTe oS S5 L B el e sncwor
position intdocksroraogectiorembonp of two sync blocks in the block of error correction encoded
information separated from each other by two sync blocks. An example: in the third
embodiment, the sync words of the sync blocks SB, and SBs are sw1 and sw2. This sequence
of two sync words occurs only once for sync words of sync blocks separated from each other
20 by two sync blocks in the block of error correction encoded information.
This requirement is preferably also valid across the boundary between two subsequent blocks
of error correction encoded information.
4. Each time two sync words of two sync blocks in the block of error correction encoded
information being separated from each other by three sync blocks is unique for each group of
25  two sync blocks in the block of error correction encoded information separated from each
other by three sync blocks. An example: in the fourth embodiment, the sync words of the
sync blocks SB,y and SB,4 are sw2 and swl. This sequence of two sync words occurs only
once for sync words of sync blocks separated from each other by three sync blocks in the
block of error correction encoded information. This requirement is preferably also valid
30  across the boundary between two subsequent blocks of error correction encoded information.
During reception of a data stream comprising an array of blocks of error
correction encoded information, subsequent sync blocks of information are received. Three
subsequent sync blocks, defined as SBi.,, SB;.i, SB;, SBi:; and SBi:,, have sync words

defined as sw,, swp, SWe, SWq and swe, respectively.



included in a receiver, so that an error correction step can be carried out on the data stored in the
memory. Suppose that, upon reception, the sync words of the sync blocks SBj and SBj+j 10 are
distorted and cannot be identified. Assuming that the sync words swb and sw, equal sw3 and swl, and
further assuming that the sync words satisfy the array ®f sync words in accordance witlvth&8egond
embodiment, it can be established that the distorted sync words were sw5 and swl and that the sync

blocks of the distorted sYHRRRSTHAvEROTHESPHEIHGS "SRvor A AP 8YDS WSkt I steIEHow

possible tasiargnthie blatadneiuded isuneaseBxnthd syplocksds he aatract aasitipstinsan afiar correction
memory included in a receiver, so that an error correction step can be carried oyt on the data stored
in the menﬁ%ﬁiﬁeéﬁsaa&a&ﬁ%ﬁf (hsowne cepenethby dhnaRraE BrhE URdmseRuIasE VB iy SBj+j
are distortggsapehisannrhhetidantegabhshuning that ditosisdcs Wy deSWasaa suh edidathswl and

sw5, and further assuming that the sync words satisfy the arr f sync words in 20 accordance with
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respectively. ]t is now possible to store the data included in these sync blocks in the correct position in
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on the datehstaraddiythe memory. 25 It will be clear that, where necessary, this can be extended in

order to correct for more than three distorted sync words. Figure 2 sgows S Eema icall

embodiment of the appatRIE L LTSS T e SO B B TS tohdotRition

encotling adalatsitewandfdniaoristinieniified|scksmingriitchereaiion @dsadgdndformedian sedmprises

an input termjnal 20 for.30 receiving the data stream of information. The ipput termipal 20 is coupled to
d P b o

an input of 89§ hat i SEERET Y BN AS SAREY SPEAFRANY SYR N €S Eorrection
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capable of carrying oyt a channel encoding step, | known in the art, ejther prior to, b nerally
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26 could bé i the' form %?%%Pé’r%%?y in Which thée rr%e?nlufluré]ﬁ)}n dieren s%/n%:nv%/(g? S are tan

error correction step can be carried out on the data stored in the memory.

Suppose that, upon reception, the sync words of the sync blocks SB;.;, SB; and
SBi; are distorted and cannot be identified. Assuming that the sync words sw, and sw, equal
swl and sw5, and further assuming that the sync words satisfy the array of sync words in

20  accordance with the third embodiment, it can be established that the distorted sync words
were sw3, swl and sw5 and that the sync blocks of the distorted sync words were the sync
blocks SB28, SB29 and SB30, respectively. It is now possible to store the data included in
these sync blocks in the correct position in an error correction memory included in a receiver,
so that an error correction step can be carried out on the data stored in the memory.

25 It will be clear that, where necessary, this can be extended in order to correct
for more than three distorted sync words.

Figure 2 shows schematically an embodiment of the apparatus in accordance
with the invention. The apparatus for error correction encoding a data stream of information
into blocks of error correction encoded information, comprises an input terminal 20 for

30  receiving the data stream of information. The input terminal 20 is coupled to an input of a
signal processing unit 22. The unit 22 is capable of carrying out an error correction encoding
step, well known in the art, on the incoming data stream. Further, the unit 22 may be capable
of carrying out a channel encoding step, well known in the art, either prior to, but generally

after, the error correction encoding step, on the incoming data stream. An error correction



stored. Generation of a sync word can be realized by addressing a memory location in the 5 memory
by means of an address signal generated by a microprocessor unit 28 and supplied via the line 30.
The unit 28 further supplies a control signal via the line 32 to the processing unit 22 to control the
functioning of the unit 22. The error correction encodiriyy unit 22 generates blocks of e2igt canettion
encoded informatjon in response to said error correction encoding step carried out a portions 10 of

said data SHEAHRGIHSHRARAH. ROIRAERAHRP R bIkAG M RHES TR Bdtar trdrtidhst tAE a1 ata
stream Of WHQIPEAYQR A8 M REQDHYMpEIKOP GedrREUIHENCAING @tﬂ&aﬁwﬁm@&dihm@eaﬁﬁatlon of
“horizontal’ arl “i vgord 8%‘ ;? vertjcal' parity words. The parity W? e arranged such that bocks of
etror correttOALALEAR 2rEsIBaTEmBALRANS B A G SY I RE A Ai§s of m data
words eackdiicth thensighibhatd @mBGWbﬁi tgute ilealﬁdadiyatﬁﬂdgmﬂfgoa&f@myhd@ﬁtm imsyec blocks.
Each ync block fyrther com

rises g rd n is a positive inte er Iarger ti%%fn e fr}cac\)Ar/
corre |on18ﬁ8‘c9&?’ URRESS 9L A e aéﬁ‘é %S’%"dfﬁ% 2 e *3;?)?1 ords to
each of saidanisyhaddockhéusaidiockafapplieariastian segmdedtmf@mauqa tﬁel@h*otkbatﬁtge

sequence of nc wo Q subsequent sync 20 blocks in the block of error correction encoded
informatior]frfé?lé%i&ﬁ%(’fgf Jdﬁﬁé\‘ﬁ)‘(‘it%%&gg?ﬁ u§§’/yh locks in the block of error correction encoded
information, m being anihtegesfoorivbieh baldsiad <umit2 D déhantheleekhatimanioth tsror correction
encoding unit Zchés rther. adapted to sug I%/%Pne of the m mutually. different sync words to each of
said n syn&'fd O%a&% B 5RIP OR S HO P S P S SRS OTRR AliEhe HaeRLEH e two
syncmOrdsﬁn‘aiwaasyméﬂﬁpkﬁlﬂfdhﬁdﬂmkAcﬁ ﬁrr@)faﬁmr@@tiblmmﬁdeﬁn&n‘wmﬁ%h&imgseparated
one sync blac Igagpart from other IS, unlclE ue for eaché%Bou of two s a{ ocks in the lock of error
correction EHE %?rﬁfS?H%é& 6ﬂ BEnﬁél%%bsasr‘é IS 16 Q‘E%élr?n 6gasr’iel?n{8&‘é RS Which
holds 2 < mhsganaﬁﬂlmaof)the]nmmwmmytmﬁismmjavwewltmﬁhﬁymes&mtqummy\ wibelenier

correction encodlng uH laaﬁ q{dafﬁled to su one of é{tu dlffer nt Sﬁnc Words to each of

said n syncrf)z}o%ﬁ% In sal e?%?rccc?rreg 8Ir']1 eelhcé)o |n orm ane SUC Hsltn%aChn}lﬁ’]e two sync

words of twatsyedsotks nmtha/btffoh dhervosrderradtifinientodgtlt nfodmpation o€ paratet, two sync
bloc‘% apa}gdflrc%rtré gdlll%hf%; ach ot ef%rst}a]gg rl‘)l%lc’:%u pE%cf)V\é?/r?c %%é%ﬂ'/i%rt er comprises a sync
word. n is a positive integer larger than 3.

The error correction encoding unit 22 is further adapted to supply one of the m
mutually different sync words to each of said n sync blocks in said block of error correction
encoded information, such that the sequence of two sync words of two subsequent sync

20  blocks in the block of error correction encoded information is unique for each two subsequent
sync blocks in the block of error correction encoded information, m being an integer for
which holds 2 <m <n.

In another embodiment, the error correction encoding unit 22 is further
adapted to supply one of the m mutually different sync words to each of said n sync blocks in

25  said block of error correction encoded information, such that each time two sync words of
two sync blocks in the block of error correction encoded information being separated one
sync block apart from each other is unique for each group of two sync blocks in the block of
error correction encoded information being separated one sync block apart, m being an
integer for which holds 2 <m <n.

30 In another embodiment in accordance with the present invention, the error
correction encoding unit 22 is adapted to supply one of m mutually different sync words to
each of said n sync blocks in said block of error correction encoded information, such that
each time two sync words of two sync blocks in the block of error correction encoded

information separated two sync blocks apart from each other is unique for each group of two



sync blocks in the block of error correction encoded information separated two sync blocks apart from
each other, m being an integer for which holds 3 < m < n. n should be larger than 4 in this case. All
above requirements could also be valid across the boundary between two 5 subsequent blocks of
error correction encoded information. It should further e noted that the apparatus ma}i Hd padaded

with a channel encoding unit 40 faor carrying out a channel encoding step on the information prior to
eg. recordiftREETar U5 el e RTASHA b S AR CEFEP D ARl S0 rdtE ecord
carrier, or gpaFlical ¢egotheariebdhe Thenchaniel GReaOQISteR: if well KRavimndbénerast thAnThe step
of adding the sync words may be carried out in the channel encoding unit 40, instead of in the error
correction eHEBEME it 22. It should be noted here that the various requirements described above for

the application of the mytuatlyvdittereinéayne wardsateotbe vaitbus sy dincksl aguldthecsdmbined into

one and the same e E)oi(iﬁry nt. 15 Figure 3 shows an error correction apparatus, provided with an

input tsermmse@@%ﬁ o ﬁ%geﬁfg BROEELIGR gﬁ%ﬂdgﬁa Bt oded information. Those blocks of

error correction encodeld shiailchaticienynbasde e ehcalpisinaasfroay beadingdedormatiehdrae a record

carrier, such %%éthe ma%B tic record carrier 44 or.the optical record carrier 46, by means of a reading
| %l%ﬂgﬁ

unit and aftBF UMY L IdOT Y B M PaEBEhTH QLB HH RS2 IBIFRAEATRLG 8 Rthe record

carrier in aejvrong| ttlecodingouittivh &it@itardaarachoscuritdatrisr avalatiieafar ©apiydng dbah error
correction Z%%) on blocks. of error(gorre.ctio:gr coded inéorma ion included iﬁjghe si?nal supplied via
or Cof

A6 95 48 B BB CRESF & QHSE) SRESITARIEP TRBIOEREYEY BHBF Wrrected

the termin
infornatioTkestsp pfliediig: ancoyipul tednina) 58 asdcdarialidaia sieeap) eiciintarmied@n. The
apparatus.is provided with a detection unit 6Q.for detecting m mutually different sync words, where m
s an integHP ALALIHER S AIETE SHRIARISRY PR ektion unit 60 is adapted to detect two sync
words in the blocks of eftahcokidcticsteencodebhtidfonmationrspitdnvensydesvrirets dbevigthaetsync

words of the ith eg[rlgj jti} gyne bloci@izgigf@block of error, corr%ction.encode(k]inf rmatif)&pthhe sync words
: a

detected atBPeGrad iR a méh Bur?/ r?lllﬁssy%cervﬁ?)??/sﬁgst At 1eadtinres ?n(%rcilofb fons for storing

the sync warndbidedeiotechieraiidrée suhsegusntisyne blocks in a block of error correction encoded
:zfgrb aron. hen havipg e R B R S s Mot D S e e S g Diggs Tand |
50 for receiving the blocks of error correction encoded information. Those blocks of error
correction encoded information may have been obtained from reading information from a
record carrier, such as the magnetic record carrier 44 or the optical record carrier 46, by
means of a reading unit and after having carried out a channel decoding step on the
20  information read from the record carrier in a channel decoding unit 52.

An error correction unit 56 is available for carrying out an error correction step
on blocks of error correction encoded information included in the signal supplied via the
terminal 50, so as to obtain blocks of error corrected information. The blocks of error
corrected information are supplied to an output terminal 58 as a serial data stream of

25  information. The apparatus is provided with a detection unit 60 for detecting m mutually
different sync words, where m is an integer smaller than n. More specifically, the detection
unit 60 is adapted to detect two sync words in the blocks of error correction encoded
information, said two sync words being the sync words of the i"™ and j™ sync block in a block
of error correction encoded information. The sync words detected are stored in a memory 62.

30  This memory has at least three memory locations for storing the sync words detected for
three subsequent sync blocks in a block of error correction encoded information. When
having detected two subsequent sync words of two subsequent sync blocks i and j in a block
of information, the apparatus is capable of identifying the position of the said i™ and jth sync

block in said block of error correction encoded information. This is realized by means of a



of information, the apparatus is capable of identifying the position of the said ih and jh sync block in
said block of error correction encoded information. This is realized by means of a 9 21/11/2003
converter unit 64, which is capable of converting the sequence of two directly successive sync words
into a position information, indicating the position of the two sync blocks in the block 21 Arr@068rrection
encoded information. The mz]lmor,y 62 has p mem%%( locations for storing the s?]/lnc words of p 5

subsequerfPLYAEBIBREL RS SN BRPR S U eIryeing thescquense SLEVhESEHY SW5iE ¥ Yhe second

memory logaliondnRYIRe £HFediaetsameatithnednetiaierteshatial. Againihespaskiookofihis central
sync bloclﬁfé%%éhree successive sync ,Iojéks cqrresponding to the three sync words in the memory

62 can be &8 REAYAAHELOAVERE Uit B2M3EMY the sync words in the first and third memory
location of the memory 8¢ Iklidhescass pieiftotheosynonydsdstititctbeconchandiositpird memory

locatign of the memory 62 may be erroneous, or could nqt be detected at aJl. Again the position of this
secomd antd! ?ﬂﬂﬂﬁﬁﬁl% éﬂz%%of”fh"é“?&?%ﬁ‘i% sogiv%f%vn%%%&gsw Bfaoaﬂ’ai Wﬂédfﬁhﬁi%ync
words in theoniehinenba tacutierestabbshedindhs eoavedeioubl ddetising e syam wersisitidhe first
and fourth mory location of the memqry 62. 15 In the case of p=5, the sync words in the second
R A A e o g A e i
detected afvalld#Ngaite ithenpopitiv oaaf ibissatthcdandher dhirdtandiaitfedrtkiagnadioak wbilde five
successive, sync blocks correspongding.to the five sync waqrds in the memory 62 can be established in
the convewg Hﬁﬁ%ﬂ%&%‘?ﬂ?%@&%ﬁhgfﬁﬁﬁﬂf& ‘fifth memory location of the memory 20 62.
Next] @ different approabhtter detasnprif)ghit eytavwiords be thitbived klodior fltind thensyinclostibers will
be given. U§ will be made of t ese%uence of Séﬂc? wc%r S % Iisgd ir; eQ\'nbodi ent 4 in the&%evious
table 1. - UPPOEE MR )AE I RHEFL RIS U A" S AQVR BIER I L il AR R RO T RKA N row
25 numbesanad dsdioe tkndvymedikieln o€ the iveesutitessiircsmclbhpReacste faa doavententoia remap
the sync numbers (see %olumns 43and5 %f tabl%gg and tg divide the total block of 31 sync blocks into
R 1 3

6 sub blocks 615 Tows AN ToWYY % SYRE MDA PSSRV S TEG R St et 158 own in

column 6 ofdabiéen2heSiRcamdYalisturbsntbeyregatamsifibtune;mdrichhas to be accounted for (dark gray
area%'n In the case of p=5, the sync words in the second and/or third and/or fourth
memory location of the memory 62 may be erroneous, or could not be detected at all. Again
the position of this second and/or third and/or fourth sync block of the five successive sync
blocks corresponding to the five sync words in the memory 62 can be established in the
converter unit 64, using the sync words in the first and fifth memory location of the memory
20 62.
Next, a different approach for determining the row number within a block
from the sync numbers will be given. Use will be made of the sequence of sync words as
listed in embodiment 4 in the previous table 1.
— Suppose two sync numbers Sg and Sg_4 have been detected, where R is the unknown row
25 number and d is the (known) distance between the syncs.
— It appears to be convenient to remap the sync numbers (see columns 4 and 5 of table 2)
and to divide the total block of 31 sync blocks into 6 sub blocks of 5 rows and row 0.
Now the sync numbers show a regular structure (as shown in column 6 of table 2). Sync
SO disturbs the regular structure, which has to be accounted for (dark gray areas in
30 columns 8 to 10 in table 2). Note that all additions in table 2 are done modulo 6.
Next, follows the procedure to determine the row number in the total block
from two sync numbers and their distance:
1. Check for special cases: Sk = 0 (before remapping)

Sr =2 and Sr.4 = 5 (after remapping, only when d = 4)



30 columns 8 to 10 in table 2). Note that all additions in table 2 are done modulo 6. Next, follows the
procedure to determine the row number in the total block from two sync numbers and their distance:
1. Check for special cases: SR = 0 (before remapping) SR = 2 and SR-4 =5 (after remapping, only
when d = 4) 10 21/11/2003 2. Calculate the differenc&0A = SR - SR_d (modulo 6) 3. Determ@isd the
relative row number r with the appropriate lookup tabletgee table 3) 4. Calculate nb. This is also the

sub block Aufriiet psthe SERERcHA antoruta-+6WIHREYr: R = 5*b + r + 1 5 With a brute force lookup

table one wopldpeeck 3HORULRIS Wﬁ&%ﬁ@%ﬁt@ﬁﬁﬁ%ﬁﬁ% foRREp4Yts farthgdistance) and 5
output bits. When this table is imPIemented in a ROM 1280 bits are required. With the method
t

described Aot Hatsdkud tibiealia YEanh Megwmbssd one to do the 10 remapping of the sync

numbers) witha& INRtihESEYatLe: Q8P HE Ribs e ngegssary .  This requires 135 ROM bits plus some
additional logic. 11 Table 2: Overview 21/11/2003 sub Absolute relative Sync Remapped Difference A

= SR -5blockrowrownumbSyncSR-d numbe numbernumberernumberDistance (d) r bRrSRnb1234 005
With a brute force lookup table one would need 8 input bits (2 x 3 bits for the

sync numbers and 2 bits for the distance) and 5 output bits. When this table is implemented in
a ROM 1280 bits are required.
With the method described above 5 lookup tables (4 shown in table 3 and one to do the

10 remapping of the sync numbers) with 3 input bits and 3 output bits are necessary. This

requires 135 ROM bits plus some additional logic.



1010n0 = 1155 0 02125n0+55004 3232n0+23233 4332n0+20323 5410n04410 6041n1= 1552 1
17110n1+55044 8253n1+23231 9353n1+20323 10441n14410 11032n2= 1552 2 12141n2+55044
213264n2+23231 14364n2+20323 15432n24410 16053n3= 1552 3 17132n3+55044
318225n3+23231 19325n3+20323 20453n34410 21064Nn4= 1552 4 22153n4+5504421/11/2003

Table 2: Overview

sub Absolute | relative Sync | Remapped Difference A = Sg —
block | row row numb | Sync Sr.d
numbe | number number er number Distance (d)
r
b R r Sr np 1 2 3 4
0 0 5
1 0 1 0 np= |1 1 5 5
0
0 2 1 2 5 net5 |5 0 0 4
3 2 3 2 not2 |3 2 3 3
4 3 3 2 net2 | 0 3 2 3
5 4 1 0 ny 4 4 1 0
6 0 4 1 n= |1 5 5 2
1
| 7 1 1 0 ntS |5 0 4 4
8 2 5 3 n+2 |3 2 3 1
9 3 5 3 n+2 [0 3 2 3
10 4 4 1 n; 4 4 1 0
11 0 3 2 n= |1 5 5 2
2
5 12 1 4 1 mts |5 0 4 4
13 2 6 4 mn+t2 |3 2 3 1
14 3 6 4 mt2 |0 3 2 3
15 4 3 2 n, 4 4 1 0
16 0 5 3 n;= |1 5 5 2
3
3 17 1 3 2 n;t5 |5 0 4 4
18 2 2 5 n3+2 |3 2 3 1
19 3 2 5 n3+2 [0 3 2 3
20 4 5 3 n3 4 4 1 0
21 0 6 4 n= |1 5 5 2
4
4 22 1 5 3 ngts |5 0 4 4
23 2 1 0 nt2 |3 2 3 1
24 3 1 0 ngt+2 |0 3 2 3
25 4 6 4 ny 4 4 1 0
26 0 2 5 ns= |1 5 5 2
5
27 1 6 4 nst5 |5 0 4 4
2 28 2 4 1 ns+2 |3 2 3 1
29 3 4 1 ns+2 [0 3 2 3
30 4 2 5 ns 4 4 1 0




423210n4+23231 24310n4+20323 25464n44410 26025ns = 1552 5 27164ns+55044
528241ns+23231 29341n,+20323 30425nc4410 12 21/11/2003 Table 3 : Lookup tables that map the
difference A to the relative row number r d=1 rA 01 15 23 30 44 (a) d=2 rA 05,1 10 22 33 44 (b) d=3 rA
05 12 21/11/2003

Table 3 : Lookup tables that map the difference A to the relative row number r

d=1 d=2 d=3 d=4

r |A r A r A r A
0 1 0 5,1 0 5 0 2,5
1 5 1 0 1 4,0 1 4
2 3 2 2 2 3 2 1

3 0 3 3 3 2 3 3
4 4 4 4 4 1 4 1
(a) (b) (©) (d)

Whilst the invention has been described with reference to preferred
5  embodiments thereof, it is to be understood that these are not limitative examples. Thus,

various modifications may become apparent to those skilled in the art, without departing
from the scope of the invention, as defined by the claims. Further, any reference signs do not
limit the scope of the claims. The invention, as far as incorporated in the error correction
encoding apparatus, can be implemented by means of both hardware and software, and

10  several "means" may be represented by the same item of hardware. The word 'comprising'
does not exclude the presence of other elements or steps than those listed in a claim. Also, the
word "a" or "an" preceding an element does not exclude the presence of a plurality of such
elements. In addition, the invention lies in each and every novel feature or combination of

features.



14,0 23 32 41 (c) d=4 rA 02,5 14 21 33 41 (d) Whilst the invention has been described with reference
to preferred 5 embodiments thereof, it is to be understood that these are not limitative examples. Thus,
various modifications may become apparent to those skilled in the art, without departiig1ir@ooghe
scope of the invention, as defined by the claims. Further, any reference signs do not limit the scope of
the claims. The invention, as far as incorporated in the error correction encoding apparatus, can be
implemented by means of both hardware and software, and 10 several "means" may be represented
by the same item of hardware. The word 'comprising’ does not exclude the presence of other
elements or steps than those listed in a claim. Also, the word "a" or "an" preceding an element does
not exclude the presence of a plurality of such elements. In addition, the invention lies in each and
every nov&t 5 or combination of features. 21/11/2003 13 CLAIMS: 1. Apparatus for error
correction encoding a data stream of information into blocks of error correction encoded information,
the apparatus comprising: - input means for receiving the data stream of information, - error correction

encoding means for Car[/&/ﬂﬁﬁglﬁfﬂfs%reéiﬁ% QQHé‘&iE}De%@GHHi'QQ SIePARam ReLtHessafisaitdata stream
of information so as to obtain said blocks of error correction
blocks of error correction encoded information, the apparatus comprising;:

- input means for receiving the data stream of information,
- error correction encoding means for carrying out an error correction encoding step on

5  portions of said data stream of information so as to obtain said blocks of error correction
encoded information, a block of error correction encoded information comprising a plurality
of n sync blocks, each sync block comprising a sync word and a portion of said error
correction encoded information, where n is a positive integer larger than 3,
- output means for supplying said blocks of error correction encoded information,

10 the error correction encoding means are adapted to supply one of 7 mutually different sync
words to each of said n sync blocks in said block of error correction encoded information,
such that the sequence of two sync words of two subsequent sync blocks in the block of error
correction encoded information is unique for each two subsequent sync blocks in the block of
error correction encoded information, and such that each time two sync words of two sync

15  blocks in the block of error correction encoded information separated from each other by one
sync block is unique for each group of two sync blocks in the block of error correction
encoded information, said two sync blocks being separated from each other by one sync
block, characterized in that the error correction encoding means are further adapted to supply
sync words to each of said n sync blocks in said block of error correction encoded

20  information, such that each time two sync words of two sync blocks in the block of error
correction encoded information separated from each other by two sync blocks is unique for
each group of two sync blocks in the block of error correction encoded information separated

from each other by two sync blocks.

25 2. Apparatus as claimed in claim 1, characterized in that the error correction

encoding means are further adapted to supply sync words to each of said n sync blocks in



encoded information, a block of error correction encoded information comprising a plurality of n sync
blocks, each sync block comprising a sync word and a portion of said error correction encoded
information, where n is a positive integer larger than 3, - output means for supplying szid bipet3 of
error correction encoded information, 10 the error correction encoding means are adapted to supply
one of 7 mutually different sync words to each of said n sync blocks in said block of error correction
encoded information, such that the sequence of two sync words of two subsequent sync blocks in the
block of error correction encoded information is unjque for each two subsequent sync blocks in the

block of error. correction encoded .information, and such that each time two sync words of two sync 15
blocks in tfEHRE ‘P%?FB%%%HS&HB‘& f‘é’r‘?&’éﬁ &%Wﬁ%ﬁ%%dﬁ?&%&%%é&%%&%&o% sync
block is unigueyac bRk giothe 6ideocs\stblasksiibthenblael afferrmtiorkeptitne&noasestinformation,
said two sync blocks bein sggarated from each other hy one syrﬁeblock, characterjzed in that the

error Corredtish BhR S HPAIHGHH08 P A PR B WSy S RO S ARG RIQEK F ¥R n sync

blocks in said-&lack eieided adoeatitonerpaciec Fbinfesthasibs; byehsihatheadt tpaet tiunsyachwords of
two sync bl%i%ks in the block of errorcorrection encoded information separated from each other by two

sync block& ST NGRS RoF BAEHFIUR8F W3S gnc blocks in the block of error correction encoded

information separated from each other by two sync blocks. 25 2. Apparatus as claimed in claim 1,
characterized in that the error correctjion epcoding means are further adapted to supply sync words to
cach of sert n syne blodk BT SEHS 0 TH S BIOGE ot SHELBHELIB Ak FGHAEB. such
that eéach émedivg synmnadtiehcivud:gyad toloaslinathesbifickqf efraiCoreationeReadsedoitiormation
separated from each 5 tl‘}er by p sync blqcks is unique for each group of two sync blocks in the block
of orror cOHuHON BRSNS AT AP PO SRS b S B RAESRe rom emch
other, wheiigfg@msagéorinteger larger than 2. 3. Apparatus as claimed in claim 1 or 2, characterized in that
the error correction 10 encoding means are further adapted to supply a specific one of said 7 sync

words only to the first sync block of said n sync blocks in each of said blocks of error correction
encoded idformation. 4. Appaaatussadaitasahaddhnicialnhhebaracte iz dchimthadtin = 31.

15
5. Apparatus as claimed in claim 4, charaterized in that the error correction
encoding means are further adapted to generate a block of error correction encoded
information having a sequence of sync words in accordance with one of the embodiments
given in table 1.

20
6. Apparatus as claimed in claim 1 characterized in that the error correction
encoding means are further adapted to carry out a channel encoding step on either the data

stream of information or on the error correction encoded data stream of information.

25 7. Apparatus as claimed in claim 1, characterized in that it further comprises

means for writing said blocks of error correction encoded information on a record carrier.

8. Apparatus as claimed in claim 1 characterized in that the error correction
encoding means are adapted to supply a sync word to each of said n sync blocks in said block
30  oferror correction encoded information, such that a group of two sync words, one sync block
in the block of error correction encoded information and the other in the next block of error
correction encoded information and being separated by q sync blocks is unique for each

group of two sync blocks in the two blocks of error correction encoded information, said two



15 5. Apparatus as claimed in claim 4, charaterized in that the error correction encoding means are
further adapted to generate a block of error correction encoded information having a sequence of
sync words in accordance with one of the embodiments given in table 1. 20 6. Apparatuslax6kimed
in claim 1 characterized in that the error correction encoding means are further adapted to carry out a
channel encoding step on either the data stream of information or on the error correction encoded
data stream of information. 25 7. Apparatus as claimed in claim 1, characterized in that it further
comprises means for writing said blocks of error cogsrection encoded information on a record carrier. 8.

Apparatus as claimed in claim 1 characterized in that the error correction encoding means are
adapted t&%’&‘bﬁ&}%g&}ﬁ‘@%\m{%@ﬁﬁ@ﬁﬁu%@&ﬁéf Blé‘é‘k%%[f’% ?d‘ﬁ#k?&‘f( b 8¢ é??%%eéoﬁ?fééﬁon
encoded ink@rmation, such that a group of two sync words, one sync block in the block of error
correction encoded information and the other in the next block of error correction encoded information

and being separated by q sync blocks is unique for each group of two sync blocks in the two blocks of

error corregtion encoded/iedasdnfii@fscsaicktved ail £ht (DB aldnts yae lock s heingtkeparated fkem each
other by q sync blocks, where g js an integer larger than 1.5 9. Methpd for error correction encoding a
e A

data streaft SFMFEPRSTHHT RS HEP- B RS S CRIEINR S5 SRSh, the method comprising

the steps: - receiving the data stream of information, 10 - carrying out an error correction encoding
step on portions of said gata stream af information so as to obtain said blocks of error correction
encoded iﬁf‘bel“rﬁ]gfi%% %%I?%?aé]i’rf%ﬁl&%g)ﬁ@éﬂ(?ﬂ’encoded information comprising a plurality of n sync
blocks) eachasyyiabtatkncanopkising aosyaiecwding steg anpestitrhob Ssidietior aayactom fianded

informatio_n, where n is a slitive integer larger than 3, 15 - supplying said blocks of error correction
encodiec ol LM RS L aPEac N SHBsAlg s e e B e ety
different sypergeoirdsencoded information comprising a plurality of n sync blocks, each sync block
comprising a sync word and a portion of said error correction encoded information, where n
is a positive integer larger than 3,

15 - supplying said blocks of error correction encoded information,
the error correction encoding step is adapted to supply one of 7 mutually different sync words
to each of said n sync blocks in said block of error correction encoded information, such that
the sequence of two sync words of two subsequent sync blocks in the block of error
correction encoded information is unique for each two subsequent sync blocks in the block of

20  error correction encoded information, and such that each time two sync words of two sync
blocks in the block of error correction encoded information separated from each other by one
sync block is unique for each group of two sync blocks in the block of error correction
encoded information, said two sync blocks being separated from each other by one sync
block,

25  characterized in that the error correction encoding step is further adapted to supply sync
words to each of said n sync blocks in said block of error correction encoded information,
such that each time two sync words of two sync blocks in the block of error correction
encoded information separated from each other by two sync blocks is unique for each group
of two sync blocks in the block of error correction encoded information separated from each

30  other by two sync blocks.



to each of said n sync blocks in said block of error correction encoded information, such that the
sequence of two sync words of two subsequent sync blocks in the block of error correction encoded
information is unique for each two subsequent sync blocks in the block of 20 error coéatigzoéacoded
information, and such that each time two sync words of two sync blocks in the block of error correction
encoded information separated from each other by one sync block is unique for each group of two
sync blocks in the block of error correction encoded information, said two sync blocks being separated
from each other by one sync block, 25 characterizggl in that the error correction encoding step is

further adapted to supply syn¢ words to each of said n sync blocks in sajd block of error correction
encoded infbrmation, SHERIHLEBHER HHE AR e VBT BFER LS, e BISA I TR BT B B Etfor

correction ogrigedsidJdkier arasiccvaepasatest b edchmather dyniprdsisyne gilaeksyis unigue BsEach

group_of two sync Qlocks in the block of error carrection encoded information separated from each 30
other By tHELyNOBIIBRS COTIRARA SEC NPT ESRLE Vel FAIA) HIILIEH S¥r EORBcHh encoded

informatiopdsaas d€daidreitoa duaektinasmob dat mctionaeoapdedrifolagliBitice i s Nt @l hiatity of n
sync blocks, 5 each sync hlock comprising a sync word fram one of 7 mutually different sync words,
a2 oo B Sl LA P R OP B Bh BT U R BB B HE N ger targer han 3,
wherein, infaghadiosaidid symnewhedkainssignetbokchftritahcoripetion emoedsacinforddatiawosaid sync
words are assigned such that the sequence af two sync words of fwo. subsequent sync blocks in the
block of erUP SO RS e IO G &R ERSRIoTG BRI S ST BT LgHE Bocks in the
block of ercacicorkesiine @reodeccibfocksatiahe dhatksetbrihat@aahitimabodedyintowardsnohiwio sync
blocks in the %%%k of E}:ror correction ené;o%[sl—:‘d inform% io%)serpe}lﬁraﬁd I{O?‘l each other. by one sync
block is unigtib 8 EAEhEPS I YRS AT BISERSYTEHEWISHK S PrSF St REIEE8Ed information,
said two syncddlatksobamnpseppaaied from eathodibebbyrens sy b bloskmibasdoterzagtadhat said

sync words are 15 further.assigned such that each.time two sync words of two sync blgcks in the block
ot orror oOMBAIER RREBHAR T LBl SRR WO EHEST e By RSy EABERE Hek Ko for

each groupf grwepayitedioakscitlireHeiook aicesyar bivsekctibaraneodetliinfornsaiisy sepanakearefrom
eaChlgtherﬁ?l)(htg}/%sss g?r?e Is(,)ucclflsfhat each time two sync words of two sync blocks in the block of error
correction encoded information separated from each other by two sync blocks is unique for
each group of two sync blocks in the block of error correction encoded information separated

from each other by two sync blocks.

20 11. Record carrier as claimed in claim 10, charaterized in that a block of error
correction encoded information has a sequence of sync words in accordance with one of the

embodiments given in table 1.

12. Apparatus for error correcting blocks of error correction encoded information
25  obtained with the method as claimed in claim 9 into a serial data stream of information, the
apparatus comprising:
- input means for receiving the blocks of error correction encoded information,
- error correction means for carrying out an error correction step on said blocks of error
correction encoded information so as to obtain blocks of error corrected information,
30 - output means for supplying said blocks of error corrected information as a serial data stream

of information,



20 11. Record carrier as claimed in claim 10, charaterized in that a block of error correction encoded
information has a sequence of sync words in accordance with one of the embodiments given in table
1. 12. Apparatus for error correcting blocks of error correction encoded information 2510bt&ines with
the method as claimed in claim 9 into a serial data stream of information, the apparatus comprising: -
input means for receiving the blocks of error correction encoded information, - error correction means
for carrying out an error correction step on said blocks of error correction encoded information so as
to obtain blocks of error corrected information, 30 -jgutput means for supplying said blocks of error
corrected i{]{ormation S abserial data stream. of information, 21/11/2003 17 cheigct?%ized in that said
error correTHBATREARS 1 HALHIE LI BSOS URSATy SitdARISE oot obramuialbr B EBmEEY R
means cCompr&Entdetrstivriaansfamdeiaapngifissiasdiashayne fordyid ®ing Susequant Syic
blocks wheredD%if Ia‘r%er then 3, the error cqrrection mean@(éur her being adagted to identify the
position of TREIHid FUOABLH SHRSTIRE ORI TR RITAABRSERSE erfBF EBREEABRCEABIREE Sty Ation
using the deiagtedhpral antdidastpyne pusitbaldhthsaitdp suhsqqueniyayitddiockssdid Bdckpparatus as
e T AcIon encoded miomation Using the derecied first and Taet syc word oF the Sargp o> VS

subsequent sync blocks.

10 13. Apparatus as claimed in claim 13, characterized in that said identifying step

for identifying said position makes use of a conversion table.





