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PARTI ALLY A PRI ORI KNOMWN | NFORMATION 1 5 10 The invention relates to a“
met hod ofweet/@stiing a generator matri x for encodi ng i nf or PET/ARN2/0062AdS
conprising informati on synbols into codeywrds of a code for providing ar(l
enhanced error correction capability if at |east one information synbol i's
known a priori to a decoder decodi ng received, possibly mutil ated
codewords. The invention relates further to a method of encodi ng
i nf or mat iCOPINGOANR HERPRINGD QB WHRIZAIEN P tFR IQRFENRBY BFORIZAY ng possi bly
mutil at ed codevvords of a code into information words. Still further, the

i nvention rel ates nd| ng appar at us | nf or matl on
words, to a corres W"ﬂm‘m&“ Wm atus for decodi mmﬂmmmmﬂw tilated

odewords to a conpute rogramlrrp enmenting sai N)! to a data
carrier for recordi ng ®data and to a signal for ??ansmttl ng user dat a.
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errofgs, Where a sifige &dmaép %‘fu&?‘ﬂ%ﬁ@eh@ra@?haﬁﬂ@f@ﬂehébdﬁ n%imﬁeﬁ wWoREsSInl Y
inforns the decoder about a part of the information t is encoded in the

transm teasigwordsdnwidely Ilﬁedla@défﬁowm @gtfren RichargE Blahgt * W@m@r@r‘l’f@@wé@ﬁl gn a
code the-err r.ect, nhgn tion
synmbol s rrrgr'@ﬂ%t%i(? d%%‘ (Adg‘% g\é‘ﬁ’('es‘fé I’IN(?) c§4§see§o§?n§&%l e{ éen%?%&“hr eémolbj ect

of the gp@ﬁaﬂhﬂy t3ednind @Bscribed pf sixndiedsalikethe @D aidxesmﬂdhrdg i nformati on words
into codewords and a net hod of decqding a possibly nutilated cqodeword

encoded by such a f&#Radiculer exaeRis Hy. thq:uﬁqqéﬁystewaﬁweglgel?rawrr@da&féh%t uses
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achi eved by a net cting a generator matrix of m 1, accordi ng
t 0 whi chsestirdddresseormomiicahmediais pm'tsfedhnaﬁadvmuhts prhiat:tedﬂ»g amemonnméemlgl ng
di stance of \j | east one subcode off sai d code {?s Iar(ggr fﬂ}}tan t he .m ni num
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hardly leads to an improved error correction capacity of the code.

The present invention therefore relates to coding for a channel producing
symbol errors, where a side-channel which is not known to the encoder possibly informs the
decoder about a part of the information that is encoded in the transmitted codeword. It is an

25  object of the present invention to design a code the error correction power of which is
enhanced if some information symbols are known to the decoder prior to decoding. It is a
further object of the present invention, to provide a method of encoding information words
into codewords and a method of decoding a possibly mutilated codeword encoded by such a

method of encoding. Further, corresponding apparatuses shall be provided.
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According to the present invention the mapping of information words onto 10
codewords is such that the decoder can enhance the effective Hamm ng

di st ance wd oze3es4i nf ormati on synbol s of the infornati on wecTsBm@nes24nown.
However, it is assuned that the decoder js not informed about which, if
any, synbols are actually known to the coder. To get such an enhancenent
of the effective gl Bhods ShARfiRyed Pk hidltibdRiaeRb S adordtor itk IopuS! Y

sel ected) generator matrix i s used. Sald predeflne ge%lerator matrix is
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part Sof generatnddmasss of sdid cods byemiting the at least pps row ifigm $aid generajopn matrixs 20
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effectively use a subcode having an increased m ni mum Hanm ng di st ance.

However ,claimeddn chfmdgat i on synbol s are known to the decoder a priori,
decodi ng of the refriey. C Ny i [ i ng

di stance of the 25& %cé’?elgggoe%gz)\é%%&d#ﬁeéﬁg%ﬂeﬁégqpﬁﬁ\/%ﬁfﬁgéﬁn \%3&? alggdst EHT] sanme as
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and fi‘enfoﬂgl%dﬁﬁeanﬁ%%&ing,' ¥ 19 th BE GEIA a8 dURT ¢hne B&mh}l]dtﬂi.%%at e

word is thereafter subtracted fromthe recei ved codewor ' ich is to be
decoded. wdids, the gerlerator inardRis GEigGted FCh/thBOR @indmuncHammingdistdecsodfad by a

known decodi th usi ng_a subcode nerat of.matri x. conprising only that
part o oo Bregtapar B b AR ARGER ! WREOMRST R on wor d i ch
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correspond .to the a(g}‘rlji ori. known informatjon synpols. Wen, selecting the
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decoding.

When receiving a possibly mutilated codeword, e. g. by reading it from a data
carrier, and in the case where at least one information symbol is known to the decoder a
30 priori, e. g. the most significant bits of a read address, the decoder first encodes the known
information symbols by using the corresponding rows of said generator matrix which has
already been used to encode the corresponding information word of said information symbols
into a codeword and then adds the result giving an intermediate word. Such intermediate

word is thereafter subtracted from the received codeword which is to be decoded. The result



matrices are part of said generator matrix, i.e. the subcodes deriving from
sai d subcode generator matrices are nested in said code deriving fromsaid
gener at ow@uatwod3xss Each row of the generator matri x can al por/iso2regar ded as
representing a polynom al each having a §ertai n nunber of zeros. According
to the present enbodinent certain zeros are common to each 20 pol ynom al,

I, e t0j5eRGdeReld Y BlowElicBama Rihdty usti}ea 6ibbody gén@&t&ﬁﬂ@tﬁ_ﬂ%@fntpﬁﬁhgl X.
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furttfer e osdtted aadithedepoder does ondy PRmthe rInainis g zeiveolthe generpioppattixasifc odes
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that al raadydd genbhforGadax B/ the esves 6fithe pemidtammatyixizppedrshatdowot corfespard t o
t he decoder the 30 code has an inproved error correction capacity no matter
whi ch i nfodheraPrien kKegwm informationswimbelser i ori . Further preferred enbodi ments
of the method of s 10g: Sai . X fo ' ' 3to
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are encoded i.nto said codewords ing,a generator matrix sel ected according
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enhancedmeatriass arcqartaf said generptosimainz, é¢. the ubsodesedesivingfremisaidisybendet he
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codewor d. preferred enbodi nent of the invention is based on code
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of nown constructi o retrieving the Ji.nformation rd,. One nain.
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0 o S SRR )53 e St Bk TR e
i nf or mat hwdrdivg o MeHfveRAYA RUefifled MYVIAUELT prefeREPanBEtifnents TR0 Bien iner I OF

-t




correction capacity if part of the information is known a priori to the
decoder. An apparatus for encoding information words and an apparat us fox
decodi ngwo poesdal y nutil ated codeword according to the |iPUBIBROM2Ar €
defined in clains 23 and 24. It 5 shall je understood that these
apparatuses can be devel oped further and can have simlar enbodi ments which

have beem;&xBligiines rﬁéﬂﬂ&@oﬂ’ﬂc&&ﬂiﬁfﬁﬁsﬁiﬁf%mﬁ&tédﬁd@ﬁbm(ilnt@finﬁﬂn%ﬂ Werde

generator matrix according to claim 1. conmput er program according to the
I nvent i @ancdrdingitorphedneentiongs defined in elaim hstprefgsred embedimeytsttberepbare gingntinon i s
defi ned ;In cllgi?rlg 5. 10 A data carrier according to the invention is

def i ned THME F4i'he%26 and 27. Such a data carrier is preferably used for

*storing audio, VvidgR méthédPlor dedollingad Fossiby muGhtedtodewsacetsidhigao ke
rewiteable type, in particular an optical record carrier like a CD or a

DVD. 5A payantien issgenspablyichararterizad; in shat said irformation werdgpgg engpdsgd igiesaidcor di ng

(DVR). Cenerally,. such | er ' S: ' , In
part] culaheugdh g dEinfeidfhuflelisRa OIS bR BB o
data, Weofiftibatién of sRddylesstond 8ptom Rnéwe indaintativarsyindbl iatlutdbe invaidipesksibbn site
of the data carrier and which are already present an e ata carrier for

ty d
recor di mautijated cadaveori ds kenyinto acepuntifordaspding saigpopsiply n&@il%@éao«iedyorg Ma8di ng
said s ' . Lot ' j . .
cncod: pansea betot b6ERuinp oMY es. 113 el Ltodiéneihe MEMiLAE SE G AL
sai d0si gemt onene pricki kgowy hifenma?ion dginbol inelnded in. sgid gresibly mutilated @odewordris

timng data, epcoded, a t hqd accordi o the .jnventions is defined in
ol ai m 28abiriged FomraicRpssp I mitaleR EoRNTAOF fods AP RHIREdaPROPY TBUTIEE w t h
refer en%?’dg\%l%_S the drawi ngs, in which: Fig. 1 shows the conventi onal

o]

f or mat a codeword, Fig. 2 shows a block diagram of the encodi ng and
decodi ng schene, M gref@rstantodiment op thednhventiboiis based di ngda pifnotumimigi hereiwr ds

according to the invention, 30 Fig. 4 shows .an apparatus for .decodi ng
accor di rfg 285" FHemIek %sqnaFﬁ‘OfﬁP?dF‘ng%ﬁ%a%e _8? ﬂ’@rlgg)ﬁﬁ’ﬁmWﬂstd?toan appar at us
for 18ncqgichdediae Qoléwekds Ravif€a bRYRP1dnSth thith Bode®ordOURoddd dding?the hbfhal

enbodi nent of an apparatus for encodlg‘r;é according to the invention,

02/ 0937 egefeROT mpatir, Krogrthasefntgrmediah godeveprds hbwmmwn@ymolwpaﬂaﬁ%wv\bor
decodi Nuisit %cdf.ir?aq c;[)&)ev;['oqgs. ‘13?1‘{1%2 tdiec(:)orhing a received possibly mutilated codeword is first
extended by use of the a priori known information symbols to obtain a pseudo codeword
which is then decoded using said intermediate generator matrix used during encoding. The
20  obtained second pseudo codeword is thereafter input into an error and erasure decoder,
preferably of a known construction, retrieving the information word.
One main advantage of this embodiment is that a larger minimum Hamming
distance can be achieved irrespective if the information symbols known a priori are known in
a successive order or not. Even if the information symbols are not known successively the
25  minimum Hamming distance of a subcode can be increased by each additional known
information symbol if the generator matrix is selected and used according to this embodiment
of the invention.
An advantageous application of the present invention lies in the field of
address retrieval, in particular on optical media. When using the invention an address or
30 timing information can be protected by a higher error correction capacity making an address
retrieval more secure and accurate. The invention can further be used for securing address
information in a serial data stream, which is for example transmitted over a transmission line

like a telecommunication system or the internet. In general, the invention can be used for



Fig. 8 shows neans for extracting information synbols froma codeword used
in the apparatus for decoding shown in Fig. 7, 5 Fig. 9 shows still another
enbodi mewo ef/o®gmsd4appar at us for encodi ng accordi ng to the pPamEBRI0DGZE and
Fig. 10 shows a correspondi ng apparatus §or decoding according to the
invention. 10 Fig. 1 shows the typical schene of codewords ¢ of a [n, k)

bl ock coglgtecEnginf@niaeion b$alOH® RaviRg gh infhreasievVesHpaed Ty kifotvn dbded NEAOMAL I ON
word mconprising k informati on synbols and a parity word p conprising n-k

parity ssovsetien eppaeityif @artvl e infremationis kapwnaprioritathodecadétd minto a

codeword c. 15 Fig ) ek di [ {:

encodi ng and decod'ai‘ %é?p%%‘ﬁggoﬁﬁgéoggé ‘g?ﬂ‘?‘@ 8&%@%%4%&1%?{3#%\2%&8%? %dlﬂ ggn‘i ng
*from a dgdssibbomtlated codewordraecerdihgdo iz iAventioh are defiped i claiss 23 andi Bk It ar e
encoded hefore they are stored on a data carrier a disk, or

e.g. or,
t r anshi t thell bgyiaderstopd Hiak these aRparateses pan be devgloped Byrthepand eandiave similsst or e
they are i: fol 3 L :

repl ayi n% él%]erﬂggfﬁg@ %café’ﬁ %Béﬁéﬂé%d@ogggﬁggegng@ﬁ%&rggé%&c%ﬁiggtiﬁeé) i rst
encoded genemtaronatrie aecuedidgrto Slaim hen error correcti on encoded by an ECC

encoder 3 and thereafter nodul ated by a npdul ator 4, .e.g. an EFM noqul at or,
before the encoded GUBPUGEPEPEIAT pcofdipge afherinvention.fos impBinentine eohAl 5 on
whi ch er f,0h8ddB¥olding BIhOANEREb 18 Ulritda8n CRHRWSr dS. The channel 5 shall here
interpreted broadly,” including a transm ssion channel as wel|l as storage of
t he Hhcoded 25 datAdata carritataecarding kethe fimwention mtdefined ol dgims\Memd2dpSash of

data is intended th ded.data first. h t denpdul at ed b
Gomdul a8 G118 Bgr i Preffrapvgd i neidiop Gigp b° tByrs PR A aneiea foct i on
decoded RYordRblEoEredaiOMs 3&%%&@\4&99{1 gpEal R oRYcaRri&rAike@ECH o6 EVD 8A

Finally the decoded user data can be input to the sink 9 | ayer

, €.0. a
devi ce’ f partioulssl apliostioniies irsde figkt of digtal Sistoh recording (VRS Gensraliys suchavove

For any ARG oufSRf yBR Rl RERR h B BRE AR pridfouP ™ el 2. “Sich

address gaing dateoryeitioh dafal Wlich aeeilicaiy rdcofdetionthe data caldleatahé prodictisn i N a
data stream of user data. On recordable or rewiteabl e disks such address
dat a ar esitge dhedaty casrier andoviyeh arpliepdy Iafnl aeBRY ¢t earderfayregerdingNser ar e
recor ded . . . I I,V j refers to
ooy B PSS DB Dy BB

ing rern a certail erm ned generator
mat ri X i Howswd, thé nveali@cinap as okll\bhiuedd fosemdodimgnaéedated t o by a net hod

according to the invention. A particular application of the invention |Iies
inthe field of aduiCEEth e o sl or Hﬁnsgaawgg@@sf%éaﬁ&@&iﬁw&ngr%m
car ryer Sqatpit€ihé g.sg3. p§£iﬁé$‘§, #aBre88BASthiNg HataOncdbe APYP @ ikl dcebrdfip8 #he1d

i nformati on wor
inventions is defined in claim 28.

The invention will now be further explained in more detail with reference to
25  the drawings, in which:
Fig. 1 shows the conventional format of a codeword,
Fig. 2 shows a block diagram of the encoding and decoding scheme,
Fig. 3 shows an apparatus for encoding information words according to the
invention,
30 Fig. 4 shows an apparatus for decoding according to the invention,
Fig. 5 shows another embodiment of an apparatus for encoding according to
the invention,
Fig. 6 shows still another embodiment of an apparatus for encoding according

to the invention,



m according to the present invention. Therein the encodi ng apparatus 10
conprises an encoding unit 11 for encoding the information words m

conpri si ngoayhdzxad nunber of information synbols ml, n2, PCT/IB2I0162t O
codewords ¢ of a code C. To achi eve an igpr oved error correction capacity a
certain predefined generator matrix Gis used for encoding the 10

i nformation words | dBh ' sifs fpldesd I towe once
by a sel ection uni&igmﬁé%@h prot\:/riﬁggghélr)ﬁgreferabl y&s gérégd&?én t he

encodi ngingggtaomat us 10 and t he decodi ng apparatus for continuous use. By use
of the generator trix G the information words m are . .thus encoded.into
codewords ¢ by thgﬁ@n Qmwgnw?orﬁqraﬁq&lg%ﬁ%ﬁggg SEIQHI %%O%ng‘? '&%’g to a
-wWriting Mqh%%gﬁﬁtggﬁﬁqgmﬂ%ﬁomq“%_% c on an optical record carrier 14,
e. g. on a 15 or a DVD. y way of an exanple the invention, in
partiskul ar a pr ef eFige?ishoasetilli apather emhedimeneofan@ppargtusifar encodinglapcqsgding
“explained in.nore detail. The exanple is based on the [7, 4, 3] binary
Hanm ng ©d 81%85%%@ ed by g(x) = x3 +x + 1. At first the "normal" known
use of the code shgjgl 1okl coressbnditig Hphiaaisdal dezbdingacetsdingfio thecode
according to the invention shall 20 be explained. Usually, a code Cis used
in syst em¥eRtorform which corresponds to a generator matrix 1 0 0 0 1 0 1
0100111001011 000010 25 having four (in general k) rows
and seven (in general n) colums. An information word m= (m, n2, nB8, m)
is napped onto the codeword ¢ = m Gsys. If the i-th informati on synbol m

is known to the decoder prior to decoding, the decoge subtract the
contribution of mFigel F}H%”Srtgﬁéf S‘%&PH’&%é‘?%‘?’%%%@i’bﬁ%&’&fﬂﬂ% rfeéns
that the ] € e | i | P d m isigeMsi . where
Gsysi i n%?%gtgg@h%o e clgf-ét cﬁ)gﬁv&’% %& s%es{@qgfog%gté V\ﬁei emtcﬁg1 pim-st 30 row is
renoved fnforndtion sgmbels anhda pamityrword @soosprifing rick patfitydiymbols gepetatedavhent hr ee
information bits does not alter .significantly the correction capacity fox
t he unkn%%ﬁ’dmg\w('g‘ﬂf%@gt?‘?}’. qu%watg%ﬁog_%gr__dtc-g information bits, since
al mogg al | SUbCOdeﬁiﬁ.GZ sﬁHwéa’ﬂEloEl@éﬂgﬁnP@E@tygﬁﬁl M&ﬂfﬁﬂ% &iodingadt three

a y i

rows of Gsys still Rave Hanm ng di stance three.’ the information
bi ts mil, def®ddingd Therehruserdatave,g. adio laa ividen da@i earaing &romba datespuise lnggn? i s

i ncreased to, four. According to th resent .kn i r g rator
i RO S o s i R SRGRa kOIOE b e §50DRR HENGRRT
111 _ g3 ddiskOorkrddsilitibd ovéa dankmissionlchanielgetg i¥ed thelifitetr®€, before they are
(non-syst emat i 03 generator matrix G d is used %or t he encodi ng of the code

C, an i nagaimdecaded fudpriasdian dim fop datysink Sees. IBElRYRENEBr e favourabl e
subcgdes C Of theAggg?beCse'eL tl?eleﬁsteﬂleﬂa 'of'fhg.rsgﬁltcl:?Qr@fiﬁ?eﬂod&@é?ﬁggﬁfcg n
synbols - an information synbol nmay conprise nore than one t - are known.
For exanphdddet £, théreerfte codedtionrenvadeditey dn EGEC ehcdder Brand therdaifter miodulateddoy ause

t he bcode C generat e | three r 2 3 4 of G d, which
corr Zg ppﬁﬂ’é‘“kaéf’r%ﬁ EB; a%ﬁlglﬂ]b‘%gﬁs‘ﬂﬂ%ﬁgi%ﬁl B‘.e eﬂg"%%eqat%? HT?‘?ﬁoél,e‘_”P SeHeEe P'!éfst
three bi gﬁ tHB?chﬁH&%l 58h vMiéh &fﬂ&mngpbé hftrod662d8Ho the Eodedbras MiheicharinBE5 shipcode
generated by the tirst wh

’ row of G ich corresponds to the [7) 1, 76]3%
repet i t i herednwpretet bwadlyaincluding hizanseussitgr channel a¢ wel as glorags| of ghe gnce in
t he gdes nce of , three 3it rrorlﬂ. An apparatus for decoding a read possibly
mut i £t efRROBAMFACIOGTIO A ¥R12%0 25 Fig. 4. Therein the decoding

apparatus 20 recei wagnléaPesddtdisintehddd thé estoded e fidsthavd it deasodakesd r ead
fromthe data carrier 14 by a readi n‘g unit 21. Assuming that an information
a

wor d m ehy edethodnlater 6oeigvasr BFM demegnlatass befoia they axgrestor corecipsisrededdy np,
s, m agﬁl ECC decoder 7 and source decoded by a source decoder 8. Finally the decoded user data

can be input to the sink 9, e.g. a player device for replay of the user data.

30 Such a general system is, however, not only used for encoding and decoding
user data, but may as well be used for any kind of data like management data, in particular
address data. Such address data are used to find a certain location on a data carrier or in a
data stream of user data. On recordable or rewriteable disks such address data are generally

pretecorded on the empty disks before any user data are recorded.



assum ng further that the apparatus 20 for decoding a priori knows three
information synbols n2, nB) ma, in a first step said known infornmation
synbol s m2p or®37594 are encoded by an encoding unit 22 usipgraseogeaer at or
matrix G which is stored in the encodi ng,apparatus 20 in a storage unit 23
and which had al ready been used for encoaing the codewords ¢ which are
stored on the dat al‘lfeaﬁléée%f mleénti’d?l%fe?% eagodift §hcbhé{:omﬂg'df%ﬁdTﬁé}QﬂVh0r ds r.
For such encodi ng the encoding unit uses the rows of the generator
matrix @evmxmprem:magbmemmm@nk mmd ithref sstaetion of whichtivhlso referredlo by I n a

subsequent ste ere u di n roduct s _of known
301 nf orMeePd AleaiBe € itghvation 4 PPt WaeataFoubO Bndritr i e Adg s "G
- of the g@frh@aaets@feuriatan bﬁa@r@bseﬁis@d@ﬂdﬁﬂc@kc@r&@ﬁﬁbﬂ@g unit 24 giving an
intermediate word s. In a subtracting unit 25 the internediate word s is
subt Pact ed from t Hagr 2ehpwoaneamhodiment of an apparatus farenegding information yord0375- t

PCT/ | BOZ( QLG9 SRl g g aghi ﬁ{}amﬁonp"rﬂé’ﬂeﬁﬁﬁe b Rdles g&}aﬂ% 1 okncfes er el n the

subcode

decoded snasdiak mnithe fsu&mdﬁnggﬁmf@hﬂﬁoﬂr%fd@mGom@ﬁmmgaslx%ﬂ@mm:bﬁofgener at or
matrix Gin the form ng neans 27 by omtting all rows fromthe generator

mat ri x Grigimator symbels B die.o-- HEINICRANEWORIS 61 oft Godp (s TRisehis vegn impgovedy e
in5th pr esent
exanpl eeerﬁg:%grg e imél[;‘?’ea{r)at or ém‘?ér}?lfag& %%&H%n @QE%lrlr%rﬂifgg&tchng??est row

gl o0 t hefcgmaﬁommmsrmt Thix geherdier matridGi s seleoeed.ankindefined orfoerbiyatsekeatisry mhol

b t d h that th | ete, I nf d f |1
Known. 1K SREe DraYLedins DEeED BIRFGiA (B SRcpEPIpARB | OAINRE FHPEIER | on
synbol s p?ﬁlla%qgr LhtindBuPRISBY Wi dFthd ga&%m%% ¢he informatibRebad h hem sai d

possi bly"10 nmutil ated codeword, and the result of said subtraction is
decoded. thihenavdedhingo oddesrdsi lm;gths Iaa¢ddmg)um1blal éBlpSfaWd@Words craan de geavaded by

way of an exa rsco a code C shal elvenby m G =
(m ne 3@ gﬂmbylﬁ’oﬁﬂ cp#g“éqrdsc%arégpmairéec&dq@rﬂ% &gnar{:]aeneral
t he genegladtpvmatrlx G conprises k rows and n colums, the |nformat|on wor d

m conprises k colums and a codeword c conprises n coI ums. Assum ng now
that the |nfornat@ﬂwgy@ﬁ@ngxmlemmvﬁmtlanenma@mlaaamtrf@fr@daqﬁe%meé er and

that a rea r LV by. th e | us an
20" actdi 1RSI G, B Pt I e S ot ST WRRIRN TR £ 3P T,

g2 + nB Waary H%ugmg c_Bﬂe(Bﬁ‘nbﬁtcd&)yﬁg(ﬂfﬁémﬁ(ei- DeAv\ﬁﬁﬂthbWﬂomdhmﬁndéqu
mitilated codeword r and the jntermediate word s is cal cul ated as:

r - s=c+n-tBegpdeshall bepxalained while thesealterthe uss of ¢ ¢adg ageprding toghe {nvertion S&alll i f
t he jonf%; ;laq&dsynbol m conprises one bit, the row gl of the generator
mat ri X I xed and the noise nis unknown 30 Using now t he above given
gener at or rratrl X Q@shallg) £cddedC Basat nhi systemati¢ Farmi, mhécht dooresppinds $0 ggerenatars (1
111111) suchthat mM g, can only be (000 0O00O0) or (111111
). If tM&™¥ef or e menti oned cal cul ati on of mL g1 + n has for exanple
resulted in (0 0 10 O 1(%®h p probakility will be higher that m g, is
given as (00000 0 0 eadl nﬁ o the result that m has bit value 0. As
can be seen fromt eli hflor mat i on synbol nml can be WO

02/ 09375.1 PCT/ 1 B0 yb 63 - @ 100d¢tqer01 ned despite three bit errors in the
read codeword which ne b Ll ] mai ni ng subcode C has Hamm ng

di stance seven. The in n@i c n aI 0 be illustrated by way of a sinple
exanpl e which nmay be used for a fast reliable address retrieval.
Conventionally, a [7, 4, 3] binary Hammi ng code 5 is generated by the
genegsat Giavi fonpdh gbnegél)ﬁ) rowX andrseXenr (i geteralm)oligm! Aniisfobmitichawerd m =

pol ynom al nultiple of the generator pol ynom al éx) If a systematic

" encoder (mu, ettt i mappedeintathe bpdewad seam Gsyall @pedlmfomkaélomsgmbdﬂ%r

positions, while the parity bits nth | ow or der positjons el ow,
"st of knOWR 1 hisclestdss pobr piscobis 41% dese e FasBPEAch HeenithBRpE of Bhts 10
of each godswRed VR TS mesns th U8k ssStesigigler synbol
c6 is at Flt9he Igft %Pﬁg}?lhdeeﬁs&\}\%st or derS s%rrbof%cgga{tgcgqét he ?llgght hand

si de of Ieeeihectwdmnond Gge whete G, gHfindioaisg thbiitts re6 of Gg3 te acodswherd theoi-thhe
four information bits md...nml, and the three right nost bits c2, cl, co are

t he 3ar irow lﬁlrQIQO‘f?Bl from thegenesjorimpsti Gsis-ckhe knovdedge ob up keaedreehat any t wo

codewor d f t he Hamm ng
di stanceﬁ% aﬁgﬁgggg&edﬁg?ﬁérfgggfﬁ ﬁ{ecoﬁg%lognebggy@p@%r?% c']é)rrected C6
csaa@caco(mmmm P3pzpi ) O0O000002010001010
1001110010110Q001 011211100010

=




25011 0001001110112010012010112001210012110 830
1110100012111 0102101 1000120100211 121121 W
02/ 0937y Wi 01298744B02/ 0162~ As an exanple, the fifth codewncHiBmomthe t op
equals 1 g(x) (in polynonial notation),gthe fourth codeword fromthe top
equals x g(x) and the tenth codeword fromthe top equals x2 g(x).

| mpor t agltl'lfCE) rPhabiBPWitd, §1n‘b@ﬁimés’ﬂﬁll cEBEdE) C Sofhedodey obtaimed by Qeletiflg ai osigai n a
codewor ecause this Is a |inear code over GF(2), i. e., the code f rms a

group. Bhode iows of Bt stilhhaverHarsmingodistencsdhge Py af g dnformatign bits mia A a8

Capact tyo ey R A RBEA s b Se VR A BB T O octian

the mappi ng of i nfA¢dvRdihg o thetpseseitiifivaitide umother penecdtangeamtixsGyg fortthatame
know edge about at |east one, in the given exanple of three, information
bit ifcreedsdsmaybe gbiepdeti on capacity for the remaining, in the exanple the
forth, 10 information |t]s] I.n t e f | lowng the three | eft nost

i nformation bits n4, , nR r’ﬂay be c || &d| t he VSB (Most Significant Bits)
of an address, and_thd 0 abktOithfbrhakiiopgp|t m nmay be called the LSB (Least
Significant Bit) o 1ad|dr S-F 0T¢1e 0] onstruction according to the
present invention is quch t 5| known, a strong code for
extracting LSB is achileved.l 18 hdaeO f ghe information bits is known a
priori the error correction capacity is not 15 changed conpared to the
error correction capaci ty of the conventi onal code. According to the

inventiop use is_nade : i ng of NMSB
sinply tﬁ&g%&é’i}'sst‘/ IRRAHG %? ngl% s | n ggegtg%teh%t% g‘quégééfeﬁggg ﬁ%t have mi
= 0. It infornedRcstiel Qﬂsﬁdwﬁ thigMBc@rcEcoduiemer faoutdbtesabcodbs s rod the dofle ¢

(MSB) is the result of this encoding, in qQrder to also engode LSB, ¢ (LSB =

0) =l®006GHeertiiinéormatipn bitg oy mformﬁm gymbols - an infgumationgymbof may CoMPHGr d ¢
that is HIR0h bheth —%g%:?o\ﬁ]. Tof AR, iF1hE dblodd} KnoWpethe sirdiapiotmaddicticat es

vector a I'on over e not at ¢ again belongs to the
code (t hg,tiedinaye thecabicrled” deheratedibgahé layt thfee rones gnge gaof Ehe, GR{cR) ). It is

further to be noted that the effect of adding c. (LSB),to,c (MSB) scranbles
the val ugowespamststop [7¢3, 4) sinmex codg, A A pRothes g amblsy h@%‘ls‘aa‘r%f‘te&’tféf‘ize’@%%b t he
overal | g% 18 te RESEE TR LA AU THe Rubddde Enérﬁt@d BY th iRt FoR 6IOGy Which. | f

such a c word c I's transmtted via some channel bit errors may be

i nt r d§luc edrréspondsao tediFwds . repetitioo eodes thus cdahlimgdherdgcodpie raeovatm redigbly and

will be called possibl t|| ted codevvord r which deviates fromthe

codewor de¥en if c%"t“f:f)%fg’]é “1f nothing is known about the

information bits, Ap dpﬁm@ﬁissfomwng haéadipoesiblyanstilated eddesie wiv thown3f

bel ongs to the Hamn ng code, so that always one bit error, can bg mect ed.
feperdr

After er Fig. 4cBhereintthodecnding appaispis 20 dedpives thedrassiblyautilaisd i B he
received, word r_t 0 I d LSB
(the | nf BvEeroriliobahe Bt LehP BPy bRl A0 ARjorin Wt G HIBRAGH. 25
and wpt hvidie nﬁtﬁé@dbd-lﬁﬁ sdidewerd d Ebripriefdr fhf@mation Sythbalsin;, MAONRIMOBE75. 1 12

assuming further that the apparatus 20 for decoding a priori knows three information symbols

my, M3, My, in a first step said known information symbols my, ms, m4 are encoded by an
encoding unit 22 using the generator matrix G which is stored in the encoding apparatus 20 in
a storage unit 23 and which had already been used for encoding the codewords ¢ which are
25  stored on the data carrier 14 and read as possibly mutilated codewords r. For such encoding
the encoding unit 22 uses the rows of the generator matrix G which correspond to the known
information symbols m3, ms, my.
In a subsequent step the result of such encoding, i.e. the products of the known
information symbols my, ms, my with their corresponding rows g», g3, g4 of the generator
30 matrix Gyg, are added by a summing unit 24 giving an intermediate word s. In a subtracting

unit 25 the intermediate word s is subtracted from the read codeword r, and the result of such



PCT/1B02/O01&2-1 1 1 1 1) is subtracted fromthe codeword ¢ dependent on LSB
= 0 or LSB =1, respectively. Thereafter, MSB is available as the first
three bi moafomtss result. If there is nore than one transpPCEEBQOI@AT OF ,
there will, however, be made errors in the decoding result which always
happens with a single error correction mm ng code. Suppose, however, that
MSB is fi vilRaqgl ' : LRHUAE | : r of

t he codgs\r/al\/io)’irqga|¥6§l lgggoonst?ﬁ('%{a g%p{lgg‘?rh%ez%legﬁghgﬁggétyﬁég%g?g&&g%gg d from
t he recaisitgoh subcdde gentrator mattik € i§ Beddded Fhéreth Y subcofd gdnelatbr thatixiG” i s

| eft, SEA;“ cg{)rutgt ed@ga/ t he .chémn | errors. Be se the djstange of these
two wor odeTiVES How the gergpitormatgix G dn,thg ferpaing meap puifpg 2 fovss HP B¢ ; or .
- Thus, by, 1 . i f R i
o1t oot s VEEHEtaRdt K O BhRA BRBipbnlttd hehBbuh Mot RAGAAIICGAR Iy kg e |
't hi s Sexahp preseftexpmpledy @hitthiprthe novgywl g3, igs i initkepresent example, thd subepds ubcode

and co-sets of thi.s gode. As alread xpl ai ned_ the i nvention y. be used
For pr orGberaty HRiR S 208s ol chmaRer e it s aser hbiechaiir wady [ Aed Tosti

However , thE QfkhsWeHibrafatibR ¥ydbSGn PnUe e 0éd shizh MR HRoniifle@ktofffifm | N any

serial data streamwhich nay also be transmtted over a transm ssion |ine.

| n generwbrd mhgfinallycknomwsn Imgenersd thusthie eantrihutien/ofsgisl 4 prieri knowih infermation

informatijo rds shall he encod into a cpd nd re an i ved error
cor r ect i HPRoERERASE B e PoostHIE FfbEfhued Pt Rl Syl IRIR B0 el ER Sy ol i s
knowp a mafiltdd dodewbdl, SeTBE edsuit lof sATB kEbtER 6K & detededs t he i nvention may be
applied to any linear code, in 20 particul ar Reed Sol onon codes. A [n, K,
n-k+1] R5 code canlhsemethpd pfdesedingshell pow e skplaingd svmere detaihby Way of int he |
nost si g fi [ j e . , the effective distance for
decodi ng&ﬁéﬁ?gtrtrla':icﬁ{j%é@gfgfﬁﬁgo%%?%ﬁﬁes m equal s n-k+1+j. The decoding
procedure al so consists of re-encoding the j known information synbols,
subtracting the result of this re-encoding fromthe received word and use
the appropriate dezsderGoini2B: tedod(Biggtaddnisgh 8i $arfkd ByBrbdas Sshat i s

l eft._ I n anot her enbodi nent of the present invention the generator matrix G
can Ye sel ected such that at |east two subcodes are nested in the code
generated by sai d GeRgE@l Mk gBRdrhtoX migtrixI OlcdmPRBLs' k R siadnll wdoldhed iy way of
the follow ng exanple. According to the invention the generator matrix G
shal | beinfgmative wond momprige k polymps pnd; 3 cajowiordh spmprism eplgmns.  (x- 1)
(x-a) (x-a2) (x-a3)_.=_ab + asx. + asx2 +.a2x3 +. x4 ga(x X-1 X-a

Uc oy 2733 e Assuiite o By e ftbimbg B singoisin, 385, b ol a itofo

02/ 093755 HecbderMkifY thaton fedd edtiePlopdER giveh HshthSyursi af tfsydrédcédeword c phid-anThe
correspondi ng generator matrix thus results in ab as a5 az 1 G- a3 ab a5 1
0 . %) a3additiqnapugis¢ Bt injepmediateyord s delikst ermpytsd a%f t he code C are

t herefore polynom al nulti h erator polynom al g3(x). The code
C generated by this genesié%%gﬁg{lar%&?gﬂ%'us has m ni mum Hamm ng di st ance
three as will be clear fromthe above nentioned reference of R Blahut at

section 7. 2. 10 um ng that fhe information synbol of an.inforpmation
vord m <Tisipatis sABReTPRRRiNPrhp ot PSSy P e Guig o hE S e Spreesini
gener at egoRys fsRaIcaREdgEsPoNdi ng subcode generator matrix &' = (gl ¢g2)T and

havi ng m ni rum Hamm ng di stance four can be enployed. In such subcode C2'
al | Z%odewords are conbi nati ons of the generator polynom als

r-s=c+n-s=my g +n.

Therein the information symbol m; can only be 0 or 1 if the information symbol m;
comprises one bit, the row g; of the generator matrix G is fixed and the noise n is unknown.
30 Using now the above given generator matrix G4 selected according to the invention g; is
givenas (111111 1)suchthatm; gicanonlybe (0000000)or(111111 1).]If the
before mentioned calculation of m; g; + n has for example resultedin (00100 1 1) the
probability will be higher that m; g; is given as (0 0 0 00 0 0) leading to the result that m;

has bit value 0. As can be seen from this example the information symbol m; can be



gl and g2. 15 If the information synbols n2 and nB are known the subcode

Cl' generated by the subcode generator matrix G' _ (gl) and having m ni nrum
Hamm ng avevaewsess i ve can be enployed. In addition wth ther/soessel ection
of the generator matrix G less nulti pliciations are required for the

cal cul ation of the codewords ¢ = m~ G since sone of the 20 generator

pol ynom fatsmied dé@%i@kﬁfeeadit dRtd inkh@feago@via varaeme thixahy Ramihg. As can
be seen fromthe above exanple the subcodes C1' and C2' are nested in the
code C amtcaladl Imabtoteingdistant'seves. gener at ed by a correspondi ng subcode

generator matrix ‘L. &', Each o id s [ , &
has a different n&ﬂ?éPVﬂloPS%Qkﬁ%é? ﬁﬁlﬁgﬁtﬂ%g{%&@ggﬁéﬁg&%&&égh &g@%rator
“matrix Ge JsBd 8RR relidifle i8R kbiaByA CavertiondBlype[E UsH] il aahingdodede
generator nmatrix includes an increasing nunber of rows and each subcode

generiat os generated by the gemerattripolmemial @Orhe hik ot hdiach gedeyvsd fehina®yor natri x

by omtting one row. | h e e . rix @'
derives quﬂ}ﬂrqlﬁléng%&eo%e&% ger{%?ziﬁfr&o‘fﬁ@?ﬁ %\lxg(gif%%ge%ﬁjaﬁci%ﬁg&geﬁgsqgsgggﬁd row,
i . e. byinfiphatibnbitd Apearmesiaired inthe kighikddr positisns, while theipaiiglbitgaredn dieor
matrix &' derives fromthe generator matrix G by 30 deleting the |ast row
of G i .low orger nesitidn.ng t he generator pol ynom al g3(x). W O 02/ 09375-t 14
PCT/ 1 B02/ 0162~ Th e ri ; he
First i rows. i baagnsh i aldbcbleordots @l pRIER rRnRlatin T Reliind 1=
subcmyle gfenet eddewontpolynoial hirergivent asianieoigr. Al eutigedeordpt syntitml ef is at the l¢fanmi ng

di st i | th f bcod 1 +1! .gobtai ned f

Gener at oVhIRAIEIGwest oier sFREH <o 5 X Ghe el By s oF 40k cpURvTEheonE g

gener at QI?’IO%%‘&E X, 6 cdrpesg.‘érécﬁ)oglﬁé‘ﬁfu?inﬂgﬂd%ntbh@ 098, anB @k Rfeed{bhk host bif 1,
1 ) Wth . 9~(x)

k, n-k+ code over th generator pol ynom al o~ (x-~x")
0_<~<_N-0; €1, dareiher prity bit$ ps, g2, [pi.i By inspestien,éheamtbei ahecleddhat anji¢ve codenondis of

the code C are represented b ol,ynom c( of. d ee nost n- 1 which
are pol y‘ﬂ&ﬁ’f igat ﬁﬁj’g't' eé’é’s’gllo“%/’ﬁ’@“ g?rgtaf%ar% tlbeoﬁéWHfW%&gB’Q‘(&?fth%% RS 1o
the j9\VeftdQp thit dnd eRbPEASRLIRc@BCOde the information synbols mo, nl, ...,
nk-1 1nto 15 ¢(x) = m ' g~ (x) + ~z~ ~ga (x) + ... +m_, ~gx (x) . The
information word msi s t htss enceded wstée a ganerator matrix G for which the
j-th row consists of the_coeffjcient @f thlc; pol ynom al gj(x). The w top
rows of ¢he generaldr ma¥%ix &0 ré%r sen 2the% ynomi als gl (x), g2(x),

gWx), all of which are nultiples of gWx). Consequently, these top w
rows generate an [n, w, n-w+1l] residual code. Hence, if the decoder is
i nfornmed about (mMA ...,0nmk-1)0 the® i® canfcorr@ct up to 0.5 (n-w errors,
usi ngya decoder foj the RS cog@ wi tly ggneragor pelynomal gWx). It is to
be noted that the residual codes for consecutive ws are nested subcodes of
the original RS cofle C. B5 Anddher & flcient encddi ng nethod consists of
the foll ow ng step(i. At first the firsi cod{ord 8ararreter cl(x) is

)

initialized by cl( =Y. Theteaftd for ] =2 to”k the subsequent codeword

paraneters cj(x) age conguted @y 1 0 1 1
1 1 0 0 0 1 0

25 1 1 00 0 1
0 0 1 1 1 0 1

1 0 1 0 0 1 1

0 1 0 11 0 0

1 0 0 1 1 1 0

30 1 1 1 0 1 0 0
0 1 1 10 1 0

1 0 1 1 0 0 0

1 1 0 1 0 0 1

1 1 1 1 1 1 1



cJ(x) =nab+(x-a"-~)c' 30 Finally, the codeword polynomal c(x) is conputed

by WO 02/0937y 15 c(x) =ck (x) ~ gk (x) _ ~cl xi . OSi Sn-1
PCTI | BO2Md.6209875he coefficients of said codeword pol ynonPel/1Ro@sn)62to0get her
formthe codeword c=(co, ..., cn_1) in the code C. 5 Another preferred

enbodi mrent of the invention shall now be explained with reference to Figs.

S to 8. In Figs. 5p@ req ncgggﬂglcggéw&d? e 831F a.[kgl a r(ﬂlt pong]; di ng

to the invention fOI’ onmal n enco |ng, In cor

decodi ngnRRRGT)hE Sodrth GABWBrd BHM thento§ equa@xar}g(%ddacﬁ& (tjeglta}a H@ekuomlﬁﬂ thé par t

of the decodi ng apparatus of Fig I'n nore 10 Frequency
domai n efpedLAe xAng éﬂeﬁﬂﬂirfMt folalow @%eﬁm daeaq s oy @vo cb&ewilstiais! ed
-exanple in the field of digital video recordl ng (DVR). I n the exanple an
addr es s agﬁima veddvamnd dxampxse shimip asllmadc@ksavsyﬁﬁéﬂ)s a.n dxe]codaioﬂmsanr grosg.nbol ,
toget fqr. 6 ipformati nbol s, .shal | 0.a wobbl e code
storen s Rack iktelion P RLaroler R R hng bitrar. and A RECREgleg Apcit Gort,

Reed- SO' RIStk Bits Q6 &Yﬁ{cr@sé@e%&e&i&'éﬁ @ﬁg%fﬁ@otﬁ&thorhﬁtlé§bﬂ§ed
wherein a as a primtive elenent. The codewords c are thus of the form c(x)
= co + clx + c2x2 According t@tmwesenhewmonfthﬁrmamplwowlﬁmmamoo@its mtcal | ed

e nod "edeords 18 phania pPGhfikeOR 1R aliSu at o R he ien BT Bt (Fed: o

gi ven as nﬂo&lazi%n%{txﬁcmase& the@oirectiondapacityl foPthe TémAihingQin thE ek ivhple Gt ﬁ)YtHb0| i's
known to the decoder said code has a m ni num Hanm ng di st ance of si x.

Howelfer , infermatiog bitatln the iollaning the three lefignest infermation Ry Mgmaydeance i s
i ncrease e bl | ol nown
50 s e AN S APLRIah SHSGER U8 P AERAAOHTHR) o7

Bef ore i cglledniLEB gudseslgmfmdhmoroﬂaﬁ adédtess. The dedd dunkiraditonRv@ding tb ﬁnemade
which will be_ expl ained |nthefoII W ng. A parent generato Eolynomal

g(p) (%) p@%mweaow sychythat, ibMSB ig O‘éﬁ‘ )2 strongmdfk I eXiracking

Th f .
defGir ﬁg dt g&hléﬁg\oﬁ 83?%%%@%“%9?2&{&% B kRREL R thRU6P 88 &l tonapacitdiSnot

15 changed compared to the error correction capacity of the conventional code.

According to the invention use is made of the linearity of the code. For the

encoding of MSB simply those systematic codewords in the above table are used that have
=0. It is to be noted that there are indeed 8 of those codewords. If c (MSB) is the result of

this encoding, in order to also encode LSB, ¢ (LSB = 0) = 0000000 and c (LSB=1) =

20 1111111 is chosen. The final codeword c that is transmitted equals ¢ = ¢ (MSB) + ¢ (LSB),
where the “+” indicates a vector addition over GF(2). It is to be noted that ¢ again belongs to
the code (the table) because of the linearity of the code (over GF(2)). It is further to be noted
that the effect of adding ¢ (LLSB) to ¢ (MSB) scrambles the value of MSB, i. e. if LSB = 1, the
values of MSB are inverted. So the overall code is not systematic anymore in all its

25  information bits.

If such a codeword c is transmitted via some channel bit errors may be
introduced in the codeword. A received codeword may thus be mutilated and will be called
possibly mutilated codeword r which deviates from the codeword c in the error positions. If
nothing is known about the information bits, it is only known that the transmitted codeword ¢

30 belongs to the Hamming code, so that always one bit error can be corrected. After error
correction which supposedly restores the codeword ¢ from the received word r the
information can be retrieved by first extracting LSB (the information symbol m;) which
equals the fourth bit in the codeword ¢, and with the given LSB either (0000000)or (111



8 () (x) _ ~S (' wherein 5 gu>(x) =g(P>(x)~(x_a") ljr =[g ("" (a )]-J
The encoding rule for encoding a codeword ¢ is then given by 10 ~(x) _ ~ m-
g u) (x) woezead7si g(P) (x) . J=s ~=s (x - a ) PCT/ | B02/p¢imBnd/isre
coefficients of said codeword pol ynom aljsc(x) then formthe codeword c in
the code C. The inplenentation of this encod| ng rule using a feed forward

regi sterl g 13% sub@dtted frofm e cSdewdtd € ApdieMeNLISM IRdT.SB =a, tdsp&dtiveBi t i on
the informati on synbols nb to nl0 are at first nultlglled with certain

par aret ekhereafier NoBrigaynilablens theduatithiese bitsiof therregyilts Hithere ahmorgidan 91med up.

{ne. coer ol GHornb A, fibeBn bR T Sl it drSbinktab N BT isebora

- pol ynonitabpéds¥yith Imgm@ﬂﬁabnaﬁbnmmmg cBﬂé i npl ementing a frequency
domai_n encodi ng of an 20 information_word m corrprl sing k_information

symbdl s m-k, mm- [Suppose, howener,thatM8Bds kepyenbefaregiecading. First.fhemopt
* Reed- Sol ¢

pg?yno(r)n i ca???% W?E%é@éﬁg%gmg& isf‘g%%%}(/}%tegﬂﬁ t)%acgeﬁg%e)r%ﬁﬂf?ﬁ:egéag% wherein a
i's ngepors_?ﬁt:acgecbfrgjmhé r“ﬁ'ﬁg‘?)‘i niThen dghri;rg? grtmso 0rQ) oa(idl b nll ﬁl gm 1? m;teetﬂt
def i ned WP@@% 5&391@?2% %eifglsa%@r dptancy %ﬁﬁ%&)&va‘v@r@pﬂﬂu@kﬂ L@iﬂanasm )
5 and R bf)t;ﬁnd" ven(lﬁﬂz'é;grbaenl?@bﬁ blTeﬁgﬁoﬂr?ys?w uaﬁgxﬁgmk phfifydits f5PMhe e

conput e
10 overall code, LSB is effectively protected by a [7, 1, 7] repetition code if MSB is known. In

this example the [7, 4, 3] Hamming code is divided into a [7, 1, 7] subcode and co-sets of this
code.

As already explained the invention may be used for protecting addresses
which are used on optical record carriers. However, the invention may also be used for

15 protecting addresses in any serial data stream which may also be transmitted over a
transmission line. In general, the invention may be applied in any application where
information words shall be encoded into a code and where an improved error correction
capacity shall be achieved if at least one information symbol is known a priori to the decoder.

In more general terms the invention may be applied to any linear code, in

20 particular Reed Solomon codes. A [n, k, n-k+1] RS code can be subdivided into multiple
subcodes such that if the j most significant information symbols are known, the effective
distance for decoding the remaining k-j information symbols equals n-k+1+j. The decoding
procedure also consists of re-encoding the j known information symbols, subtracting the
result of this re-encoding from the received word and use the appropriate decoder for

25  decoding the high distance subcode that is left.

In another embodiment of the present invention the generator matrix G can be
selected such that at least two subcodes are nested in the code generated by said generator
matrix G. This shall be illustrated by way of the following example. According to the
invention the generator matrix G shall be selected as G = (g1(x) g2(x) gg(x))T wherein

30
g1(x) = (x-1) (x-0)) (x-0%) (x-0°) = of + &’ + o°x* + 0% + x*
g2(x) = (x-1) (x-00) (x-a¥)=o’ + a’x + o°x% + x°3

g3(x) = (x-1) (x-0) = & + o’x + x*



PCT/ 1 B0210162~ wherein the coefficients of said codeword polynom al c(x)
formthe codeword ¢ in the code C. A slightly different enbodi nent of an
encodi ngvwapprmeats is shown in Fig. 6. 15 Therein, the eneCdiBig/otahe for a
[12, 7, 6]-code and for encoding 7 inforpgation symbols nms, n6, ..., nil
into a codeword c(x) is inplenented. The encoding rule for that specific

exanpl e {yfierd Qs &h ERMeAY inl GF() siifyingef >3 1 + o, M-8~~~(x) + ~l gl P>(x) _ ~ ~ ~
+rn,l g~a>(x). =s ~=s (x - a’) 20 T%e di fference between the encoding rules
of Fi gs. The contes@riding geaerator matexdhusgdsuliginul e of Fig. 6 the infornmation
synbol mll is directly used and that the encoding nethod i nplenmented in the
apparatus of Fig. 6 is a hybrid nethod of frequency and tinme domain
- encodi ng whyl e Eggf? odi ng nethod i npl enented in the apparatus of Fig. 5
is a method foff Bue equency 25 domai n encodi ng. The general definitions
for inpl et atof Ne iybri d encodi ng of an information word m conprising k
“information synpglg&gr k, mm-k+1, ..., m-1 to a codeword of an [n,k, n-k+1]
Reed- Sol onoa®c8d G-(q) are as follows: The parent generator
pol ynom al (g(t)(x)) is given as 30 WO 02/0937e 18 n-2 g(~)(x) _~
(x-ai*b) i=0 s PCT/1B02/ 0162~ wherein (err) is a non-zero elenent of G-(q)

of order , j i . . rat or
pol ynom s SERTdhicCPRY dhe {0 e ThESR: RUITRGIa! IO RAE nelifite

=l a~g~"' ) polynarhial gi(x). Fheipode gEncgatcch Py (biy generator matetx (¢ thi@ hasthininfug (i) (ai +b
) -1hol g The, sedenord POl VAT Alr LS o, 28 EOIRH S DY ) ot ~
section 7.2.

10 Assuming that the information symbol m; of an information word m = (m; m;
ms) is known a priori to the decoder the subcode C,” generated by the corresponding subcode
generator matrix G2” = (g1 gz)T and having minimum Hamming distance four can be
employed. In such subcode C,” all codewords are combinations of the generator polynomials
g1 and g3.

15 If the information symbols m; and m3 are known the subcode C;” generated by
the subcode generator matrix G;” = (g;) and having minimum Hamming distance five can be
employed.

In addition with the above selection of the generator matrix G less
multiplications are required for the calculation of the codewords ¢ = m * G since some of the

20  generator polynomials are polynomial multiples of other generator polynomials.

As can be seen from the above example the subcodes C;” and C,” are nested in
the code C and each subcode C;”, C,” is generated by a corresponding subcode generator
matrix G,", G2". Each of said subcode generator matrices G1°, Gz~ has a different number of
rows wherein all rows are part of said generator matrix G. In general the selection of G can

25  be such that each subcode generator matrix includes an increasing number of rows and each
subcode generator matrix can be achieved from the another subcode generator matrix by
omitting one row. In the above example the subcode generator matrix G;” derives from the
subcode generator matrix G,” by omitting the second row, i. e. by deleting the generator
polynomial gz(x). The subcode generator matrix G,” derives from the generator matrix G by

30  deleting the last row of G, i. e. by deleting the generator polynomial gz(x).



i=n-k i=n-k wherein the coefficients of said codeword polynomal c(x) form
the codeword c in the code C. 20 As can be seen fromthe above, in the
exanpl es vab b2/asmgonent gener at or pol ynom al s have the pol popmBloie4g( x)
~(x-a') i=0 25 in common. Therefore the foIIovm ng properties of the parent
and the conponent generator polynom als 1can be used for the extraction of
the infor n'at| on Syﬂﬁcgeﬁera&ﬁ\%eﬁﬁi h“@an a‘i’éb‘b%]sglccted\é\%lp@/apﬁg?ésttl rdws, 9 befyg) =1~
g ~'~ (cx' =0 fo ) information symbols nl can
t hus be mameget munbe ei;udllta»mslargwlthan L; farm ) subsode géneratdOmatmix G;” forci |

PCT/IBOZ/0162~ 10, A carrespondi ng, decodi hg apparatus i S sho n~Fi.g. -7
Ther oi n qRARGE b LS RCR UE AR RSTEE 3y e dsh e SPE SLPAnre 7o,
oo T 1oH8in8d B8RS fib¥odBPenbAt@ InAAL Y’ Fhich is Brmbd oY UteBrsRi1Q R YRT shi® pl us
noi se n. Fromthe received word r syndrones S are conputed according to a

know?d nmdncnatwnmans;@:dr one form ng unit 30 wherein it holds that S] =
c(ot~) + n(ot') = ~) for << ( for _
10. 15 Under the eeusnh s eesdeCioak bs i 5 Gy Ths cOfigover

mkmax ar @ff% prior to decoding a contribution of the
known in O@Btl o %ﬁg&m can be renmoved fromthe conputed syndrones Sj

for 55 ) 5 kmax. Accordl ng to the invention the syndrones S are therefore

nodified in a syndromne ification unit 31 to obtain additional (nodified)
syndrones S'j. 20 Bd®)D k(x-ad it holds that the syndrones are not
nodified, i. e. Sk = S°-f<"“‘ﬂowever for 5 < k <_ knmax the syndrones are
m)dilfoi ed by S,; =Sk - nk, i. e. each syndrone S for which a

correspondi ng i nformati on synmbol is known to the decoder is nodified. The
obt ai nedwh&dinf & &tk Srrhidive BRsneht irAGH(d)TEhd dtidew ol o0 theadddd C drb eepiesehed by

priori known information synbols ikmax) are then inputted to an error

pat t er n pyeemialsi 6 af fegreg At syostan-2 svhictbatp pelypemiad multiples,phthe gepcsatphr

| ocati on e , €11 of
the. coddr@vtat B KEidfies oRah ol iifis b0t ot Sactle fftmation 214 0
unit 32 ¢ymybolomp/mse.. Amtininto f or sol ving a key equation and a unit for

i npl emrenting a Chien search and Forney algorithm As said before, S k = Sk=
n(ak1)5for 0 <k 54, and for 5 < k <_ kmax, Sk = Sk - = (n(ak) + nk )

-nk = ~'1. Co f 0 < < k which inpli
A ord ené"(‘.’)dg’é?ﬁrﬁl‘m @m <ol mi*hy & 'gt ancemlz)r(n-+ s used.

30 t hat effectlvely, 2 is used.
Finally, the obtained codeword coeff|C|ents co, cl, ..., cl1 are used to
extract all information synbols nb, n6, ..., nll in an extracting unit 33

wher ei n Thesinforimation wonhusiy tislesceded \guth/a; gertsyator matrix G for which the j-th row

consists of the coefficients of the polynomial gj(x). The w top rows of the generator matrix G

20  represent the polynomials gi(x), g2(x), ..., 8w(x), all of which are multiples of gy(x).
Consequently, these top w rows generate an [n, w, n-w+1] residual code. Hence, if the
decoder is informed about (my, ..., my.;), then it can correct up to 0.5 (n-w) errors, using a
decoder for the RS code with generator polynomial gy(x). It is to be noted that the residual
codes for consecutive w’s are nested subcodes of the original RS code C.

25 Another efficient encoding method consists of the following steps. At first the
first codword parameter c!(x) is initialized by c!(x) = my. Thereafter for j=2 to k the

subsequent codeword parameters ci(x) are computed by

cdxX)=m;+x—-a" " )c!(x)

30

Finally, the codeword polynomial c(x) is computed by



WO 02/0937y 20 rn; =c(a" ), 5<_1i < 10, and m~ =cll. A detailed

enbodi nent of sald extracting unit 33 is shown in Fig. 8. PCI/I1B02/Q62.1

As shown vwebmes7s4t he Hamm ng di stance of the described corer/iBioeases to 5

kmax + 2 if information synbols nb, nﬁ,1 , nkmax are known thus

enabling a nore reliable address recogn|§|on The increase in Hanm ng

di stance does not co xt F red dancy and the decoder of the code

m ght be a usual d¥& ﬁéﬁ(ﬁﬁ D& c2pable of conputing some extra

syndrones. Know edge of somne |nforﬁﬁtf0n synbols thus allows to update and

subsequently use the syndrones corresponding to these information synbols.
10 In nore general terns the iyndrones S are conputed by n-1 S

~r, . a" Thetpoefiipients of saidcageword polynammial ¢(x) togethpifosmrika ¢aseweydbol s m_k,

m_ X+l pr| ori known, said additional 15 syndrones (S')
are corrpui(cé’d b’c“llpsllntg?&)de% ~' +b~_rrr~ forn-k<_ j<-n-k+s-1. m The

"inforsmation Synb0|§ndfﬁéf ﬁréférr&ﬁerﬁbﬁcﬂhﬁﬂcbfblje iveieon sHAll Iﬁbw:becbﬁ(plhmbb)wﬁmr n-k
< n-2 and = ca- | g t~+b) for n-k n-1. An
B

eanrrpI e Tefgrenge &Elgge’m &ilp P18$a§ rm% 260 pbpdimenispfen efmdefwmpyr
e ool e Ao hc hrblenty fortainEncoliblisn kil b J@HcBforbl hngS{ aor
fi(l) = cfeb(»di)lg aplﬁhraths (s(ﬁbw)u antl)in Figl 8 anredttrhctinglunit whlclils’i)arn‘af(t(ledecbﬂmg) =0

if 30 i~ . Herein, a.s an el enent of GF(8) satisfying a3 = 1 + a. The
fol | ow r?QPH@Wr?éﬁ‘&ﬂsls%RW%W?Wé@@lreqw rements WO 02/0937s.1 21 fl(x) =

00 % 3 512, Bty QbR Byt S aE it S

a2 as Gdetaled@xaipledn ¢ field of digital video recording (DVR) In the example an address
information comprising 5 address symbols and 1 auxiliary symbol, together forming 6
information symbols, shall be encoded into a wobble code stored in a wobble signal. In the
particular example a [11, 6, 6] Reed-Solomon-like code over a Galois field GF (16) shall be

15 used wherein o as a primitive element. The codewords c are thus of the form c(x) = cp + c1x

+Cx% + ... + c1gx'%. The 6 information symbols (also called user symbols) shall be labeled as
ms, ms, ..., Mjg, i. €. Symbols mq to my are not used in this particular example. A generator

polynomial g(x) is given as
4 . 5 )
20 g =]]x-a)=Y g
i=0 i=0

If no information symbol is known to the decoder said code has a minimum Hamming
distance of six. However, if information symbol ms is known the minimum Hamming
distance is increased by one. With each additional successive information symbol known to
25 the decoder also the minimum Hamming distance is increased by one.
Before implementing the encoding rule several definitions have to be made

which will be explained in the following. A parent generator polynomial g®(x) is defined by

" () = H(x a)—):g“’"

30

Thereafter for 5 < i < 10 component generator polynomials g® are defined by



ab as as a2 | PCT/1B02/ 0162~ Yet another enbodi nent of the invention based
on code puncturing shall now be explained with reference to Figs. 9 and 10.
Fig. 9 i woastemstras the nethod of encoding an informati on nOT/ABOZIOIGO a
codeword ¢ and Fig. 10 illustrates the ;[%t hod of decoding a possibly
mutilated codeword r into an information word m As shown in Fig. 9 the
information word m conprising k informati on synbols 15 20 25 is encoded by
an encoding unit 41 of an encodi ng apparatus 40 using an internedi ate
generator matri X G'<i>(§f1j__$_'ant ernedi ate generator matrix G' derives froma
generator matrix va\,hl ch”has’been sel ected by a selection unit 42. The
internmedi ate generator matrix G' is larger than the generator matrix Gin
~that it conprises at |east one nore columm than the generator matrix G In
gener al , Whefeingenerator matrix G has k rows and n col urms while the

i nt erg’ﬂadi ate generator matrix G' has k rows and n+k col utmms and conprises k
*colums with a single non-zero entry at nutually different positions. Wen
usi ng said internedpate_gen orifratrix G' for encoding the information
word m internedi ageﬂ%)ga V\D@ég&t %g‘\ji ng k + n synbols are obtained. From
said internediate ﬁogfgmr(&i)t]-xt he codeword c is obtained froma codeword
generating unit 44"by onmittTng a nunber of synbols of said internediate
codeword t. Therein the nunber of synbols to omit corresponds to the

di fference between the nunber of columms of said internedi ate generator
mat ri x Crheendodiag dulgdamenwpding meodéword.c iTthgs jgivehdyobt ai ned codeword ¢
corrpw ses n synbols. During decoding a possibly nmultil ated codeword r
conptising n synbols is 30 received by a decoder as shown in Fig. 10. In a
first step the receivedgwrd r isfgxt nﬁie into a first pseudo codeword r’
by an extension un&(tx)wz;ﬁpg@@c)rbtgi;&_uy_%@ﬁ%gi)ate generator nmatrix G'

whi ch has al ready been %Sed in thg=lxco@dr] is used to determine the length
of said WO 02/ 09375.1 PCT/1B02/0162-t 22 pseudo codeword r', i. e. the
nunber of synbols of said pseudo codeword r' corresponds to the nunber of
col umms el 1 ' j T i ol s of
the rec e?@%‘?f?e\lﬁgcrléfﬂ% 8&%@%@%&%&@@3@%@@%{% g{eétl; al F]Hetc}?gevﬁé@lfdg?%%c em@d r.
Thereafter, in a rHEpiagdemedtation ¢f thit eacqdirigruie dsivoyunfeed forward registezysrbol s,
e.g. m, ns, 6, are replaced in said pseudo codeword r' at positions of
the b} asthosa igfig - 3@@@%553% thereindR a ftiportinsthe fntegmafion sym%e#Sim.ktﬁm

i nformat |} T é@éﬂﬁﬂ) ; aced
by. the g@%ﬁ%&pﬁ&k (%lemgn?lﬁ} or mat %%ﬂ%tgﬁbhgﬁgé ﬁw&n%?%fggaarﬁglﬁgf)%gsﬁeﬁgeg%econd
pseudo cthdswmmohed ipi Theréaftes diet sam is mqpuitee tb the feedderwalrd shifitregis®? inchiditg i s

pr ef er ab) aﬁrj\;inovm rror and erasure decoder. decpodi ng said _ secon eudo
Eodewor U cOeoRH e rarEl g oo PR AL LGB B SONER) PRUTRSRheB)1 he
information word nrgeOgaENeta? dBGNikiosyfaP Rhlem&RaR! Lir8ghehOy 8bthsin @SN Sdn Of
the invention a I%(rgq?er internedi ate generator matrix G' is used conpared to
ot he?0 eninfermagian svosd m amprising infermafigneyrabols e, Mdwant.dfa B a¢pdgword
enbodi mept, | 1 | ' eed to be known a priori
in 15 sugfzzaeds@i]{’/rgﬁ%%]Ejlg%db%%]g@%tcg%‘{%ly?%24)%{%?80@%%”?23n synbol known a priori
i 1 r especThe pareit geherafo polynomialig®be) ispivenmet i on synbol within the
information word generally |leads to an enhanced m ni nrum Hanm ng di st ance
conpared to the code used if no information synbols are known a priori. The

enbodi ment based on code puncturing shall now be illustrated differently.
20 Considered is ag?@) 3} | Gk -axtrénded Reed- Sol onon Code C over a Gal oi s
Field G- (8) defined as fellows. The vector ¢ = (c_l, co, cl ..., c6) is in
CifﬁndonlyifGGC_,_~c; and ~c¢c; ¢c~''" =0for 1 Sj) 54 . =0 ~=0 25
Her ef , ais an elenent of G-(8) satisfying a3 = 1 + a. It can be seen that

" the fol | gueRe & ¥ £hoTREES eRnIANSF GEQ) of BldE? A ridst ACARY Pfs%h iﬁtg%rr%ﬁﬁ)eﬁ The
100azla6a2abG-~ =010a3la3aa_00la4lab5asa4 WO 02/0937y 23 /1B02/0162-1

component generator polynomials g(i)(x) for n-k <1 <n-1 are defined by

g =BE" (%)
30



The rightnost 5 columms of the internediate generator matrix G' are used as
a generator matrix G i. e. the generator matrix Gis a2 1 ab a2 a6 G = a3
| a3 a awdodnsrs4a5 a4 5 The code generated by the gener aporismionéz G has
m ni nrum Hamm ng di stance 3. Knowl edge of..any j information synbols
effectively increases the m ni rum Hamm nd di stance from3 to 3 + . WO
02/ 09375ywherdth CLAI M5: PCT/ 1 B0O2/0162-L 1. Method of selecting a generator
matrix (G for encoding information words (m conprising information
synmbols (m, n2, ..., nk) into codewords (c) of a code (C) for providing an
enhanced error correction capabili t,x if at |least one information synbol

(ml, n2, nB) is kngWxp=EPéxi/(xe0d decoder decoding received, possibly
~mutilated codewords (r), 5 characterized in that said generator matrix (Q
is selected such that the m ni mrum Hamm ng di stance of at | east one subcode

(C) §)f jd code (C) is larger than the m ni rum Hanmm ng di stance of said
‘code (C) "and that a subcode generator matrix (G ) of said subcode (C)
derives fromsaid Rpryratrix (G of said code (C) by omtting the at

| east one row fromsaid generator matrix (G corresponding to said at |east
one a priori known information 10 synbol (m, n2, nB). 2. Method according

to claiml, characterjzed in t.. sai enerator matrix (G is selected
such tha'cmlfih'gl?eec pgoxgiltpq?ggglp @‘)},H%g’aggmeﬁfa,%ycz', C3') of respectively

i ncreasi ng Hamm ng di stance, that said subcodes (Cl1', C2', C3') are nested
in said code (C) and that 15 each subcode (C,', CZ', C3') is generated by a
correspondi ng subco ? g erat&g{ matrix (Gl' &', G3'), wherein each subcode
genethtor matrix (€4 =8 s has a different nunber of rows and all
rows are part of said g&hérator matrix (GQ. 3. Method according to claim 2,
characterized in that said subcode generator 20 matrices (d', &', &')

i nclude an increasing nunber of rows, wherein the nunber increases by one

f or eachwhereiy the eeeffigients of s codeword pehynpmiad ¢(iferme the qodewprd ciip-thewcadghcode
gener at O, matrix (A@') derives fromthe i-th subcode generator matrix (&')
by omttrrhg one row. 4, Method according to claim3, characterized in that
sai d generator matAiskghtly differead embbdiaicatiofunccoding apparatad is showp@eFignanber s
i, i being an integer nunber equal ﬁo r larger than 1 _but at nost k-1
wher & k TReremeths eReRdingruls i (4% 64 -ao%em 9K Gicofing, / nfqrayation sypbRieMsof |

navi ng aPar oot Fhoer e ara bAoAl Thh chaiu b R T fpaitie gt e

subcode Bawevrgivenbymatri x (G +1) formed by a nunber of i+1 rows of said
generator matrix (GQ. WO 02/ 0937y

\ [0) » NI (»
o(x) ={ Y,mg® @) |+ mg®P(x) =1 g [T |8
i=5

i=5
20 .
The difference between the encoding rules of Figs. 5 and 6 is that in the encoding rule of Fig.
6 the information symbol my; is directly used and that the encoding method implemented in
the apparatus of Fig. 6 is a hybrid method of frequency and time domain encoding while the
encoding method implemented in the apparatus of Fig. 5 is a method for pure frequency
25  domain encoding.

The general definitions for implementing the hybrid encoding of an
information word m comprising k information symbols my x, My 41, ..., My to a codeword of
an [n,k,n-k+1] Reed-Solomon code over GF(q) are as follows:

The parent generator polynomial (g(t)(x)) is given as
30



25 PCT/1B02/ O1&2~ 5. Method according to claim1l1, characterized in that
said generator matrix (G derives froma |arger, internediate generator
matri x (@0¥09%M4ch has at | east one colum nore than sai BCEB0208@2ér matri X
(G and which generates a code having an i ncreased 5 m ni num Hanm ng

di stance, by omtting said at |east one éol um havi ng a single non-zero
entry. 6. Method accordi to claimb5, characterized in that said generator
matrix (G has k rgWéxemp| n(xcotitths, that said internedi ate generator
matrix (G'), having k rows and 10 p+k col umms, conprises k colums each
with a single non-zero entry at nutually different positions and that said
generator matrix (G derives fromsaid internediate generator matrix (G')

by omtty S 3| C : ' R Qr '

cormpr si iRt 8 il Bmert of B P g SR blet @ ETHLAR MAREE 108
code ( COcolifonBfitpéneiatts palynemiEg@dx efior itk <D heTare defigaitpi [ ity if at | east
“one information synbol (m, n2, rn3) is known a priori to a decoder

decodi ng received, ,pPegstBly»muti | ated codewords (r), characterized in that
a geger ator matri xg(gé)sgggeﬂcgagd according to a nethod of claim1l is used
for encoding said information words (m into said codewords (c). 20 8.

Met hod according to claim 7, conprising the steps of: a) initializing a
first cOM&Bd paraneter (cl(x)) with the first information symbol (m); b)
thereafter cal cul ati ng subsequent codeword paraneters (cj(x)) for j=2 to k
c'(x) =m+(x-an-')c'-~(x) 25 c) finally calculating the codeword pol ynom al
(c(x)) c(x) - c,~ zoy.(X)w. (x)vy ~ ci x. OSi Sn-1 wherein the
coefficients (c;) B T’é)gig égggj\c/\o% ol ynom al (c(x)) formthe codeword (c)
in tipe code (C). 30 9. Method according to claim7, wherein an infornation
word (m) conprising k information synbols (m_k, m-k+i, ..., m-1) is
encoded ad a codeword (c) of an [n,k, n-k+1] Reed- Sol onon code over GF(Qq),
sai d encodi ng conpri_s[iJ@ig the._steps of: a) defining a parent generator

pol ynomi al (g(P) (xF)~L8 W 03 09375-1 26 n-1 g(P)(x) _~ {x-ai +b)~ i=0

PCT/ 1 B02/ 0162-4 wherein a is a non-zero elenent of G-(q) of order at nost
n, and b is an integer nunber; b) defining conponent generator polynom als
(9(i)) fieidrFte codeword polynbngal(E)Xmpy becgmputpdy; , 5 wherein g r) (x) =g
(p) 1(Sx) ~{x _ ai+b ) and

= n=2
e(x) = sz,-g @) +m, g (x) =[ > _ll‘_.;b_)' +m, :lg “(x)

i=n—k i=n—k (x -

wherein the coefficients of said codeword polynomial c(x) form the codeword c in the code

C.
20
As can be seen from the above, in the examples all component generator polynomials have
the polynomial
4 .
gx) =]J(x-a')
i=0
25

in common. Therefore the following properties of the parent and the component generator

polynomials can be used for the extraction of the information symbols:

gP (@) =0, 5<i<I10;



~=1g (" (ai+b )]-~; c¢) conputing the codeword polynom al (c(x)) n-1 10
c(x) _~m g (" (x), i=n-k wherein the coefficients of said codeword

pol ynom avo (2/¢98Y3 form the codeword (c) in the code (O . ROT/IB&IONEd
according to claim7, wherein an mforrrEDl on word (m conprising k

I nformati on synbol s (rm_k no_k+1, I's encoded to a codeword (c)
of an [n, k, n-k+1] Reed- Sol onon 15 code over GF(q) sai d encodi ng conpri sing
the steps of : defini ng a parent generator polynomal (g(t)(x)) n-2 g (r)
(x) "~ (FK(aak1+ b) ~ i=0 wherein a is a non-zero elenment of G-(q) of order
at nost n, and b is an integer nunber; b) defining conponent generator
polynom'als (g(i)) for n-k < i < n- 2 200 g ' (x) =1la; g (' (x) wherein g

"u) (x) = @ X, nd ~ _[g U {ai+b )]-1; 25 c) conputing
t he codeSNoK‘éi b5 rfeénfé‘r ?é(‘x’)%l%n 2¢(X) _~na: g (>(x) +m., g () (x
. i=mr-k wherein the coefficients of said codeword polynom al (c{x)) form
"the Codeword (c) in the code (O). WO 02/ WU9375.1 27 PCT/1B02/01C2.1 11.

Met hod  athe afifdirmatiéros yHhiRil&{ canvihiey ) extac@a@nefellows: matri x (G sel ected
according to a nethod of claim5 and derived froman internedi ate generator

matrix (G') is used for encoding said information words (n) into said
codewords (¢ gprjg ng the steps 5 of: a) generating internediate
codewor d% rf?aBy Eﬁcéblg)r ng'"Sal 9rinformation words (nm) using said

i nternmedi ate generator matrix (G',), b) generating said codewords (c) from
said internedi ate codewords (t) by omtting at | east one synbol, wherein

t he 10unber of synmoteréspomding deodinguppadtusivstionn 1dlfﬁ§er€he:euhetsvusanne3d3 t he
nunber of colums_ of said internedi ate generator matrix (G') and said
gener at &hat ggeseived wprd 1) comprising synbels e di: ng. o< Ressiblyrytilated godestrsdior ds

(r) of g £af8udeS)a dolbRord ¢ plus noise n. From the received word r syndromes S; are
computed according to a known method in a syndrome forming unit 30 wherein it holds that
Sj = c(of) + n(of) = n(od) for 0 <j <4 and S; = n(cd) + my for 5< j < 10.

15 Under the assumption that kpax-4 information symbols ms, mg, ..., Mgmax are
known to the decoder prior to decoding a contribution of the known information symbols m;
can be removed from the computed syndromes S; for 5< j < Kmax. According to the invention
the syndromes S; are therefore modified in a syndrome modification unit 31 to obtain
additional (modified) syndromes S’;.

20 For 0 £ k <4 it holds that the syndromes are not modified, i. e. S’y = Si.
However, for 5 < k < knx the syndromes are modified by S’y = S, — my, i. e. each syndrome
S for which a corresponding information symbol is known to the decoder is modified. The
obtained modified syndromes S” and the information about the number a priori known
information symbols (kmax) are then inputted to an error pattern calculation unit 32 of a

25 known type for calculating error locations and error values to obtain the coefficients co, c1,

.» €11 of the codeword c. In a practical realization said error pattern calculation unit 32 may
comprise a unit for solving a key equation and a unit for implementing a Chien search and
Fomey algorithm. As said before, S’y = Sx= n(ock) for0 £k <4, and for 5 <k < kmax, S’k = Sk
—mg = (n(0X) + my ) —my = n(o). Consequently, S’ = n(c*) for 0 < k < Kpax, which implies

30 that effectively, a code of minimum Hamming distance Kpax+2 is used.

Finally, the obtained codeword coefficients cg, ¢y, ..., 1y are used to extract all
information symbols ms, mg, ..., m;; in an extracting unit 33 wherein the information

symbols are given by:



information words (m conprising information synbols (m, n2, ..., nk), said
information 15 words (n) being encoded into codewords (c) of said code (O
usi ng a geoeredsess matri x (G and said code (C) being provpdedBozioaée+an
enhanced error correction capability if @t | east one information synbol

(mL, nm2, nB) is known a priori before d@ odi ng, characterized in that said
i nformati on words (m_ NE i ai d codewords (c) using a generator
matrix (G select eéf" 5c§{)“?31 %‘gofg‘f% %%?h’?)z& of¢laim1 and that the
contribution of said at |east one a 20 priori known information synbol (m,
n2, nB) included in said possibly nmutilated codeword (r) is taken into
account Adetailed etbodinzat of pideitfatingwuit 3hisebowndelig 8. (r) with enhanced

error correcting c bilities. 1 Met had accordi ng t laim 12, c risin
The staps of : 25 5o BHUEUIIGeoF HamBE Siaeh Shie SepumbedePunnEABOIE. (md,
N2, m8) Ksipe if HfoniioRSRBEsTEL, g@%.,ﬁfmgamqaﬁﬂ%as abliRk aimoré Bliable Sai d

"code (O ,m’b) adding the fesults the encodi ng step représenting an
i nt er medaddress vewognitioh, Tl insxehserin dlammying distance deeswead icastan\eytrel rgdanddncym sai d

possi bly i lLlated codeword (r),to be,decqded,. 30 d ecoding the result of
Do d Subnides ot SR Himidat W o B) SHRRGY Hgh (-ePeBS! GRNEHBATTEY 1 he
rows of ¢ sgRNBERE KndWelieof sometiRRImAR N imboN thas RRss doupdae@nd Pri or i
known information synbols, "and e) recovering the information word (m. WO
02/ 0937 asubsezgenthy usekthe syhdsemes ehiriggpanding] taithasg mfo isymbglst he steps of :
PCT/ | B02/ 0162-4 a). formn IO, . | , possibly

mut i *d:t ed codeworOm(nl}?r,e ggﬁerﬁ%@%nsntggggﬁ%m%{]%{grggcﬁﬁﬁlg%gg(S.) using said a
priori known information synbols (ns, n6, ...,nkmax} and said possibly

mutil ated codeword (r), 5 c) calculating the information word (m using

said syndronmes (S) and additio al_""y ) ‘.9, _15.1 Method according to
claim 14, wherein the infornat‘?bﬁ%pr‘?g (i;?gridséc;’zﬁ'&u atléd by the steps of 10
cl) calculating error locations and error values using said syndrones (9S)
and additional syndromes (S') to obtain the codeword (c), ‘and c2}

extractin ,%E]e_i formati on word (m from said obtained codegoa(icll éc% 16.
Met hod a CABIrHaPLSYMAAS MRk -t Weki-h IS ARHITOHNG, 584 plgigpdl 15
encoged %mmn%i(g’)cagg@gmg‘g{gdgy) by a nethod according to claim9, wherein
said syndromes (S) are conputed as n-1 S~ =~rc~'ci+n~ forOS j Szz-k-1, =0
wherein said additional syndromes (S') are conputed as n-1

n=1
S,= 2" —m, forn—k< j<n—k+s-1.
=0

The information symbols may the be obtained by either
20

mj = c(oc”") forn-k<j<n-2 and my| = Cyg
or
25 m; = c(of*®) forn-k <j <n-1.

An example for a 3x5 generator matrix corresponding to frequency domain encoding shall

now be given. Fori = 1, 2, 3 the i-th row of the generator matrix corresponds to a polynomial

fi(x) of degree at most 4 such that fi(1) = fi(o) = 0, fi{o!™") = 1, and for 1 <j < 3, fi(cd*) =0 if
30 i#j. Herein, ¢ is an element of GF(8) satisfying o = 1 + a. The following polynomials

satisfy these requirements



S~=~rc~'~" +b'-nzl forn-k<_ j< n-k+s-1, =0 20 wherein no_k, m_x+i,...,n_~;
+S ~ are the known a priori information synbols and wherein said

i nf or mat womo2mst () are extracted from said obtai ned coPemBod®idy nj =
c(a~+b) for n-k <- j < n-1. 17. Method ilccordi ng to claim15, wherein the
information words (m are 25 encoded intzo said codewords (c) by a nethod
according to claim 10, wherein said syndrones (S) are conputed as n-~ S~
=~ra' ~' +L~ for0<_ j< za-k- 1,6 r=o, \é\lnerzei n §ali d additional syndronmes (S') are
comput ed as n-1 SEHx) = &+ x>k @xZHOkN+IExY Szz- - k+s-1, =o WD 02/ 09375-1
29 PCT/1B02/ 0162~ gir ein Ny Kk, M X+is.4 .,Mm _k+s-s are the known a priori

i nformation symbolfa®amd %wiet & & %%i 8%t or mati on words (n) are extracted
“from said obtaine dewsr, b p.=2cfoca ' ~b) for n-k < j < n-2 and
m_1= cn_1. 5 18. qrﬁ%?ho ékg(gsgr%?ﬁr%"'t%zﬁc?%i m 12, wherein a generator matrix
(G gelected according to a nmethod of claim5 and derived from an
“intermediate generator matrix (G' ) is used for encoding said information
wor ds  ( nyhis segltssinithe geneesier Matikc) according to a method of claim 11,
conprising the steps of: a) extending said possibly nutil ated codeword (r)
to a pseudo codeword (r' ) by 10 adding erasures at positions correspondi ng
to said col st hat hgvegbeen omitted in said internedi ate generator
matrix (G' () fo obtain saidlgenerator matrix (G, b) replacing the erasures
at posit¢ sa“co@re@poﬂt?i Mg 1o said a priori known information synbols (ni,
2, nB) by [sgpd dy@ ppi yd knpwn infornmation synbols to obtain a second
pseudo cod rd (r'B{, and c) decoding said second pseudo codeword (r" )
by a known nethod for error and erasure decodi ng of a code generated by
said internedi ate generator matrix (G'). 19. Method according to any one of
cl ai10s |Yetdnather ér@bodih@nestithe investionbakdibén cotlepunblugingelidl Diowibs eepl4ifidd
conprise data itens _wherein successive information words have 2

pr edet er'ithiéerenseriedipendiang 10akig 9 tusiraesthe methad eliencoding rp buipargionot a
e L e e
subsequentlewaorkdarin®t ancdnfomoratien wat mMet hod according to claim 19,
characterized in t‘{lsaého%wani ig .ign.f9otLg%tf(i)r?rPati¥>\g rw%%d m comprising k information symbols
15 isencoded by an encoding unit 41 of an encoding apparatus 40 using an intermediate
generator matrix G*°. Said intermediate generator matrix G*” derives from a generator matrix
G which has been selected by a selection unit 42. The intermediate generator matrix G”” is
larger than the generator matrix G in that it comprises at least one more column than the
generator matrix G. In general, the generator matrix G has k rows and n columns while the
20 intermediate generator matrix G** has k rows and n+k columns and comprises k columns
with a single non-zero entry at mutually different positions. When using said intermediate
generator matrix G™ for encoding the information word m, intermediate codewords t having
k + n symbols are obtained. From said intermediate codeword t the codeword c is obtained
from a codeword generating unit 44 by omitting a number of symbols of said intermediate
25 codeword t. Therein the number of symbols to omit corresponds to the difference between
the number of columns of said intermediate generator matrix G*” and said generator matrix
G. Thus, the obtained codeword ¢ comprises n symbols.
During decoding a possibly multilated codeword r comprising n symbols is
received by a decoder as shown in Fig. 10. In a first step the received word r is extended into

30 afirst pseudo codeword r” by an extension unit 50. Therein said intermediate generator

matrix G”” which has already been used in the encoder is used to determine the length of said



25 (m conprise address information, in particular address information of
positions in a serial data stream and/or of positions on a data carrier.

2l . Met how emear<di ng to claim 20, characterized in that spCHiBRDN2d s
applied in digital video recording for gpcoding an address information into
a wobbl e code to be stored 30 on a data carrier in a wobble signal. 22.

Met hod asesioiodswobel £] ReNthe Qumbkst3¢inbols of Gaitl Pséutidicodewsrd MEsEdspbadsno Wor ds
(m of said address information conprise rmulti-bit information synbols.

VWO 02/ 098¢ surgberr rolupas afipaid-integnedigip generaigr matrixerc oidientg then symbels ehtheor ds
((:g?j ec?g)r'é('fei#cr&%}/%@{ rg{ %&drgsnarg ﬁﬁge%lt obfin thg%sw'do 'ctbm:\)/or' Lo codewords (c) of a

an enhanced error correctron capability if at | east

-one information syrfegdafiefilin aféhlacefhent whik3lonpricd Ribdwi infbim@ionegmBels, eigcodi ng
recei ved, possibly nmutil ated codewords (r), conpri Séé]t% means for encoding 5
sai d 3 nfBr mist MerArfarmiaced iy said pepuda codewid fiokt @esitiens ofsthp grasurgewhickt or natri x

(G sel ;elé&nr%gqollﬂgttg éﬂ%&(}ﬂfhn@&ﬁ Q%E%Bg?ﬁ (Rn&kfggﬂf%%?at?oﬁ)is . FhilSndafs ﬂ&?g@di ng

possi bl ewor a co I'nformation words (m
conpr i siergsuresfloSranticare sgphdwed by e a priti knawn imkdrmasian dymbéle miypink.ang. Thewor ds
(m being encoded |nto codewirds,(c) of_ said cqde (,C) usin ener at or
matrix (Tfaieed sep Pwd‘a%@t‘*f?agra%aé?raﬁff@ “&Ri‘t@ﬁé‘? mﬁigqﬁéauglgﬁﬁwgmés (O

bei ng prigy hdly R SPM&%& SddcBlierRESRRE §A8 s6RRADEMId ol h-gfst one
i nfor nat‘?}gfﬁg“?&n@é%‘wm@‘? n2, nB ri sckn%rvm a p%i oriS be???%ddgggg%yﬁg,r w
conpll siusg ofreeidh sntEmmedizik genprathemetontG 1" bue therinfofrmation] ward memstprising ka pri ori
known i nfornption synbol (ml, n2, nB) included in said possibly nmutil ated
codeV\/orcFyfg)gFr) into account for decoding said possibly nutilated codeword

(r) with enhanced &écroedmgwﬂmrﬁmﬁnﬁa%bmeiiﬁmﬁonaﬁargspmeaiaie@aé@mrf or
inpl ementing a method of claim1, 7 and / or 12. 20 Z76. Data carrier for
recor di myatos &F iroused cempared 4o atherpgmbasiimenty phdhednandign slewever.dhe advantage

encoded a_net ho C i | ai i rhie cecarding to

ol ai m 2R ePBoAtleat 5 B e RrbRefioR s indors S e PR G P RLEMARESETH "7 oy
timm datessisedrdedbuf inydidditichalifforhbtich bt kflowa hprioaifegectiviofdfe Si gnal
for transmtting user data, said signal including systemdata itens encoded
by a netPRsiion®f sheinfoymagos symhel withimthe informatign wordgenerally lgads to an

"RAL. AL2

A 9. AR ‘?“R@t”rc_ M‘f‘ﬁﬁiﬁ'ﬁi@?@ﬁ@@w}i’% file- Bk uéedif &b ntoiibnSPnpbs9- AYL

are known a priori.
The embodiment based on code puncturing shall now be illustrated differently.
20 Considered is an [8, 3, 6] extended Reed-Solomon Code C over a Galois Field GF (8)

defined as follows. The vector ¢ = (¢4, Co, C1..., C6) is in C if and only if

6 6 .
c, =3¢ and Y ca! =0 forl< js4 .
i=0

i=0

25 Herein, o is an element of GF(8) satisfying a’=1+a.

It can be seen that the following intermediate generator matrix G** generates the code C

10
G =[0 1
0 0



O ~ysni d_ZU] ca] ca] ca] ca] ca] caU] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
aJca] ca] ca] cTa] cTa] ca] cal] ca] caU] ca] caU] ca! _qg6?BTfir ?$p{vqgl gb] X] c] ca] ca] ca]
ca] ca] capompn@pra] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cefEoemj@a] cal cal c
aJca] ca] ca]ca]ca! LK] 8 3
I Q' a" " #d#g#p###S *+--. ... {vgkfa[ V]] caLJ]2ca] ca] caU] ca] ca] ca] ca] ca] ca] cal] ca]
cal] ca] crleGadhtmbaa é‘d!!]uﬁﬁ& 6Fthe Mtelcdnls pdnepdiGrah ek Q) ar)sed 684 Sélerator b/ / 0<00
0122F333. 44445H5555%606~666666G/R7} xsnmhb] X] ] ] ca] caU] ca] cal] ca] ca] ca] ca] ca] c
a] ca] ca]'Baik &} d o8- dhy seergrBEz]@H] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal R777
818w88889s999G : U,
; :’?::?>>>??7@E@?@J@@@ AAA| wgl gb] X] ] ] ca] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca]ca]c
" a] ca] ca] ca] ﬁ] %a (‘Cﬁz] d §a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! AGCCEEOEY-FFF
FG' GGHHI | | JJJKK+ wKz NINNNOQQ wr mhc”Y] ] ]] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] cal 6a cca] cJaU]Xca]OCa]ata] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! QR RoR
" SSShUWNNYAVIY. YYYZ %L b+bGbf bi br bub} wr mhb] Xmhc”Y] ] ] ca] cal] ca] ca] c
ajcal] ca]c caU] %ﬁj ca] £aU] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca]ca] cal]c

a] calca] ca] ca ubbbdd5eeeagggUhhi 1] ; KKkkNT T Qrmmmm
oeop7qq{ vpkfa\W]]ca] ca] ca] ca] cay ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a] ca] ca] il coat cederatke dlyeRd Stk fotdrGaditi R I Rdd]riad H G Arin gt sthine \3: WOWwWww Bx Px|

X| xyyzzzQ{{{{ | zupkfalW]]ca] ca] ca] ca] ca] calcalca ca] ca] cal] ca] caV] ca] ca] c
a] cal] c dfeeyledsg wpeaﬁoelaytm el efferdvly iceedsessihe miningym Hamming
pCFp7A{ V(H% 9&}3\%{ \/] cal] ca] ca] ca] ca] ca] caV]ca] ca] ca] ca] ca] caV] ca
U\/] caV] ca cal caj calj] aJ cal] ca] ca] ca] ca] ca] ca] ca]ca] ca

"+. <A@ QVYi #UXAEH hcQS] e{ vgl gb\ Ukf a\ W
UV] caV] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal
caV]ca WV] caV] ca] ca] ca] cal ca] ca
epqt vz}, il su\ x| wgkf a\ WRl gb\ U] ca] ca] ca] ca] caU] caV] ca] caV]ca V]c*a UV]caV]ca
UV] caV] ca] ca] caV] caV] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal] cal] cal] caV] cax| PTW g
wo{ uoi d_ZUl gb\ U] c] ca] ca] ca] cal] cal] caV] ca WV]caV]ca] caU] ca] ca] ca] caV]ca
V] cMaV] ca] ca] cal] ca] ca] ca] ca] ca] ca
WV] cal] ca] ca] ca] ca] ca, 0?FORg% vpj e ZU gb\ U] c] caV] ca] ca] cal] cal] cal] caV] ca
UV] caV] cal] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV]ca
V] cMa] caV] ca] ca] ca] ca', dg~;
GR cn~xsnhc] XS] ] ca] caV] ca] caV] ca] ca] cal] ca] caV] ca] ca] ca] caV] ca] ca] ca] ca] ca]
caV] ca V]c”aV]ca] caV]ca]ca] cal ca] ca] ca] caV]ca]ca
A<Tni k™ } xsni c] X] ] ca] caV] cal] ca] ca] ca] ca] cal] ca] ca] caV] ca] ca] cal] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] caV] ca
"DH frt M #&KZI z}wr I fa\ W ] ca] ca] ca] caU] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] cal] c
a)J ca] ca] ca] ca] ca] ca] ca] ca] caV]ca] caV] cal] ca] ca] ca] caV]ca
g]fltx~?@M j{}zuojd _YT]]]caV]ca]caV]ca]caV]ca]ca]ca]ca] caV]ca]cal ca]caV]c
a UV] caV] cal] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]ca
*HVX! $, <O89r z} xsni d_Z]]] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca
Ul ca] ca] cal] ca] ca] ca] ca] ca] caV] ca] ca] cal] ca] ca] cal] ca LSY '
v-zupje ZU]]]caUl ca] ca] cal ca]ca]ca]caUc aV]ca
UV] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] cal] ca
"$39?ytni d_YTje ZU]]caV]ca] ca] ca] cal] ca] cal] ca] cal] ca] ca] cal]ca UWV] caV] ca
WV] caV] ca] cal] ca] ca] ca] caV] ca] ca] ca] caU] ca] ca
WV] cal] ca] caDJugl k6é~ytoje [V]]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal
ca] ca] cal] ca] ca] caU] caV] cal] ca] ca] cal] ca] cal] ca] cal] ca] caV] ca
8/),7:u$-9<|vql gb\V]]] V] caU] ca] ca] ca] ca] caV] ca] caV] cal] ca] ca] caV] caU] ca] ca]
ca] ca] ca] ca] ca] ca] ca] cal ca] ca] caV] ca] ca] ca] ca] ca] ca
2: GM "m+tBE&WN % wr mhc”Y] ] ] V] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
- ca] ca] ca] ca] cal] ca] cal] ca] caV] ca] caV] cal] ca] ca] caV] ca] ca
0Ts_Un% 3 wr mhc”Y] ]] V] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]caJca]c
. a)Jca]calca]ca]ca]ca]ca]ca]cal ca]ca]calca]ca]caY¥Y[] aiK-LI .
109%& ()-10%<& ()-Ys109%& () -
t109%<& ()-109%<& ()-!L10%& ()- 10%& ()-ab+i K-9! MLO%& ()-9@
F109%& ()-9Z2"10%<& () - 109%& ()-9g#109%<& () - Wglo¥%& ()-FY 109%& () - 6
i K-91"10%<& ()- S510%& ()- 010%& ()-9 % 109%& () -
9-10%<& ()-3%0%& ()-y#s1l09%& ()-6 7 8 9 : F H



X 1TK91"10%&' () -
109608 () -! T 10%08 () -910%0& () - 10%0& () - 10<10<10<*L109%& () -
O i K- K91owa@s2/qop783" 10908 () -9 PCT/IB02/01624
10908 () - Y@10%0&' () -9@" 10908 () - &#10%0% () - &10%0&' () - q6i K- K ~ 1090&' () - 9f
109608 () 99 10%0& ()-,$109%& ()-9"10%0&"() - z#10%&' () - |
109608 ( 10%02 S10%08! O)-
9010%)& (15 9. 10%)& ()-L-#10%08& ()-9&3"10%0& () -! N#39d0% : & () - BTcdef dYNC! " 1
0% 10 10 1093:"109& ()-yL8-#10%& ()- 96! 10%& () - S5: $109%&' () -
93! 10%0& () - f 2aBYNC! ~ 10%0L
"10%& () - Y#LO0%& ()-9@ 10%& ()-9!' 109 ()-9LZ"10%& ()- !: 110%b
“b& ()-$pLAEYNC! " 10%0LL10%& () -L"10%& ()-"10%& () - YmLO%& () - 9310%h& ()- L
#10%& () - LK] dEYNC! " 10%0L#! 10%& () -LS "10%& ()-L 10%& ()- #10%& ()

10%& () 10%& () E 1090 . 1" 10%) 0%b& . +10%H&

' *F109H&" () - L& 10@@%“?‘? gﬁ%?“i %&eﬁratpfj“é‘%”%@%ﬂ%ﬁ%‘%ﬁ%‘&%r
10bs; Y" ,), \fe to cod d f C f
a0 T camprsing intos Rl SN BR 1T oo codewords, HOstasat |

T $10%@y @@mmg lan enhanced error correction capab111ty 1f at least one information symbo (ml, my,

N 83‘3?}%35 35 Fragirtn o Fo 4 fetiigdspoding repypll pKSIby bt Roidwortt fef O7& O

~ -5 ab'tWi&i—ﬂrﬂtQ%%&c(@enHaﬂ&%i 1GPis 38e&d SuchsthdGh® &ifiimuml Hadthing
10' 8230/&0%&' ()-j../bl/0<0dEUV7! 9L! LTlO%)&CS -9f G'10%& () - Y- #10%& () 9,110
Y& () - ylissanse of pt least one subcode (C’) of said code (C)1s larger than the minimum Hamming

e G B USSR S ey -5

% 10%& detivewtftéiiieeid(genrarok Oiduik () sf@idldais £C) Dy Sinidting Btk Esabf/drlrb@From
10%& ()-L310%& ()-1F10%& ()- 010%& ()-. 10%& () - & 10%H& (311 %606~6666666
xnbCl 9L $eigkgeRerayar matpx i@})correspondmg to said 4t least one a priori known information

10  symbol (m;, my, m3).

2. Method according to claim 1, characterized in that said generator matrix (G) is
selected such that there are at least two subcodes (Cy’, Cy’, C3°) of respectively increasing
Hamming distance, that said subcodes (C;’, Cy’, Cs’) are nested in said code (C) and that

15 each subcode (Cy’, Cy’, C3’) is generated by a corresponding subcode generator matrix (Gy’,
G,’, G3"), wherein each subcode generator matrix (Gy’, G2’, G3’) has a different number of

rows and all rows are part of said generator matrix (G).

3. Method according to claim 2, characterized in that said subcode generator
20 matrices (G{’, G2', G3’) include an increasing number of rows, wherein the number increases
by one for each generator matrix (G;’, G2’, G3’) and wherein the (i-1)-th subcode generator

matrix (G;”) derives from the i-th subcode generator matrix (G;") by omitting one row.

4, Method according to claim 3, characterized in that said generator matrix (G) is
25  selected such that for all integer numbers i, i being an integer number equal to or larger than
1 but at most k-1 where k is the number of rows of said generator matrix (G), a number of i
rows forms a subcode generator matrix (G;’) for obtaining a subcode (C;’) having a larger
Hamming distance than a subcode (C;,; ") obtained from a subcode generator matrix (Gi+1")

formed by a number of i+1 rows of said generator matrix (G).
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7. Method of encoding information words (m) comprising information symbols
15 (m, my, ...,my) into codewords (c) of a code (C) for providing an enhanced error correction
capability if at least one information symbol (m,, my, m3) is known a priori to a decoder
decoding received, possibly mutilated codewords (r), characterized in that a generator matrix
(G) selected according to a method of claim 1 is used for encoding said information words
(m) into said codewords (c).
20
8. Method according to claim 7, comprising the steps of:
a) initializing a first codeword parameter (c'(x)) with the first information symbol (my);

b) thereafter calculating subsequent codeword parameters ((x)) for j=2 to k
/@) =m;+(x—a" )/ 1(x);
25 c¢)finally calculating the codeword polynomial (c(x))

c(x) = A1(x) g, () = Y, e

0sisn~1
wherein the coefficients (c;) of said codeword polynomial (c(x)) form the codeword (c) in the
code (C).

30 9. Method according to claim 7, wherein an information word (m) comprising k
information symbols (my.x, My.k+1, ..., My.1) is encoded to a codeword (c) of an [n,k,n-k+1]
Reed-Solomon code over GF(q), said encoding comprising the steps of:

a) defining a parent generator polynomial (gP(x))
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and
=12 @™ )N";

c) computing the codeword polynomial (c(x))
n-1
10 o(x) = Y mg® ),
i=n~k

wherein the coefficients of said codeword polynomial (c(x)) form the codeword (c) in the

code (C).

10. Method according to claim 7, wherein an information word (m) comprising k information

symbols (My.k,Ma.k41, ..., My1) is encoded to a codeword (c) of an [n,k,n-k+1] Reed-Solomon
15 code over GF(q), said encoding comprising the steps of:

defining a parent generator polynomial &)
n-2
g2 =[] x-a'*n,
i=0
wherein o is a non-zero element of GF(q) of order at most n, and b is an integer number;

b) defining component generator polynomials (g(i)) forn-k <i<n-2

20 g =g )
wherein
g0x) =g () N(x~a™")
and
B ="
25  ¢) computing the codeword polynomial (c(x))

c(x) =[ f m.g® (x)]+ m_g®(x).
i=n-k

wherein the coefficients of said codeword polynomial (c(x)) form the codeword (c) in the

code (C).
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12. Method of decoding possibly mutilated codewords (r) of a code (C) into
information words (m) comprising information symbols (m;, my, ...,my), said information

15 words (m) being encoded into codewords (c) of said code (C) using a generator matrix (G)
and said code (C) being provided with an enhanced error correction capability if at least one
information symbol (m;, m;, m3) is known a priori before decoding, characterized in that said
information words (m) are encoded into said codewords (c) using a generator matrix (G)
selected according to a method of claim 1 and that the contribution of said at least one a

20  priori known information symbol (m;, my, ms) included in said possibly mutilated codeword
(r) is taken into account for decoding said possibly mutilated codeword (r) with enhanced

error correcting capabilities.

13. Method according to claim 12, comprising the steps of:
25 a) encoding said a priori known information symbols (m;, m, m3) using the

corresponding rows of said generator matrix (G) of said code (C),

b) adding the results of the encoding step representing an intermediate word (s),
c) subtracting said intermediate word (s) from said possibly mutilated codeword
(r) to be decoded,

30 d) decoding the result of said subtraction by a known method for decoding the

code generated by the rows of the generator matrix (G) that do not correspond to said a priori
known information symbols, and

e) recovering the information word (m).
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c2) extracting the information word (m) from said obtained codeword (c).

16. Method according to claim 15, wherein the information words (m) are
15 encoded into said codewords (c) by a method according to claim 9, wherein said syndromes

(S) are computed as
n~-l .
S, =) na'"™ for0< j<n-k~1,
i=0
wherein said additional syndromes (S’) are computed as
n=1
S;=Yna™ —m; forn-k<j<n—k+s-1,
i=0
20  wherein mg,Mpyg41,...,Makes-1 are the known a priori information symbols and
wherein said information words (m) are extracted from said obtained codewords by m; =

c(a*®) forn-k <j<n-1.

17. Method according to claim 15, wherein the information words (m) are
25  encoded into said codewords (c) by a method according to claim 10, wherein said syndromes

(S) are computed as

n—-1 .
S, =Zr.ai(’+") for0< j<n-k-1,

i

i=

wherein said additional syndromes (S’) are computed as

n~1
- i(j+b) M
SJ.-E ro -m; forn-k<jsn-k+s-1,
i=D
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information words (m) comprise data items wherein success1ve information words have

20  predetermined corresponding data item elements such that knowledge of a first information
word comprising a first data item leads to knowledge of data item elements of one or more

successive data items included in subsequent information words.

20. Method according to claim 19, characterized in that said information words
25  (m) comprise address information, in particular address information of positions in a serial

data stream and/or of positions on a data carrier.

21. Method according to claim 20, characterized in that said method is applied in
digital video recording for encoding an address information into a wobble code to be stored

30 on adata carrier in a wobble signal.

22. Method according to claim 20, characterized in that said information words -

(m) of said address information comprise multi-bit information symbols.
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27. Daia carrier according to claim 26, wherein said system data items comprise

address data and / or timing data used for finding a position on said data carrier.
25
28. Signal for transmitting user data, said signal including system data items

encoded by a method according to claim 7.



