WO 01/86817 PCTI EPO /04505 1 Method of converting a stream of databits of
a binary information signal into a streamof databits of a constrained

bi nary channel signal, device for encoding, signal .conprising a stream of
dat abi ts ofyseieESt r @i ned binary channel signal, record cg ,ﬁ;n fhod for
decodi ng, evice for decoding The invention reI ates to a net -
converting a stream of databits of a bi r?ary I nformati on signal |nto a

stream ofydfh  do? gﬁngﬁmﬁéﬂa ?in‘ﬁh%y‘%ﬁlﬁﬂﬂﬁion%iﬁﬂﬁhuoﬂ‘éﬂaﬁi& the

stream of data e binary information signal 1S divided into n -bit

i nf or mat |dmb1tmfm|@nsmnql bindry channelsignab devicefor pacodingy signd comprisingh- bi t
h | |
channe! s 3 e A by o ok DR

integers devicefdridetoding hol ds that n2 > mi > n, wherein the n2-bit channel
word is chosen fromat |least two nR bit channel words at |east two of.
whi ch havé. opposite parities, the concatenated nmi-bit channel words and

the n2-bit channel 'Iwﬁxdamﬁﬁe&tbﬂtaenwmddoﬁcoﬂv@iﬁngagtrbaxﬁeﬂditm'tsmtfa@inaiﬁe

- binary chapnel nal, the rret ISII’I repefitive apd/or
aIternate“"g’l'@b‘%""c??gml ﬁ iamaai WPMt of a

plurali tme&éﬂ&mbmomébﬁmeMﬁws@m 8 BRAdeAThtoTRBR IrifSintiopn! Y N - bi t
channel words having a beginning part out” of a subset of begi nn| nmarts

of the mwm seﬁmfn@matmmdsl@mommﬂemngnd@smé@ intaceprdange state
f ch ta%g %| Ao ﬁgﬁg” W’E‘Q
gn-cl en par?3 &L(Elhe p?gfgg anne &ngl lﬂo?e?g t e(iﬁ uBlo'?

channel vz mdﬁraxmmgsstfonwhtcb it halqs lthat al2i>tp; 2o, whcrsmdhe nﬁ-blm chartehwosl is

wor ds, e h n AN n|ng
part outal%l % R’forg?e l‘nﬁmﬁl n%l‘g%?féﬁoﬂg[%o%ﬂ%‘{} hggnﬁle

bel ongi nghé¢ mxmatenhtethh;-bﬁahﬂmmleﬂorﬂetm@haﬁum%ml wdrdsncbfnplymg)diﬂng st ate of
channel c t he codj ng. state est ab hed i.n nce ppon an
end part "Bgle?%b?ﬂsgeﬂﬁ?ﬂb &'H 1R gd Es’f}?g{ﬁ%@’%%vﬁﬁ hannel
wor dsi0 n dtefia@disps 6f:at e of channel code Cl and the begi nni ng -parts of the
n2-bit channel words in a set of channel code C2 being arranged to conply

Wi th sai c r sflecingthe nudbit ehaanel word fromigeset opf of g pliwality 955%1’@!1 it ehangeldevi ce
f di d
or encodi gy, ébﬁgﬁ@koﬁm%&gyﬂx Bit &H&%ﬁs#ﬁ?&?@b@éﬁ@g@aﬁ%ﬂgﬁfa' ne

bi nary channel si rec carrier, a
devi ce for &@é@@fﬂ?ﬂmﬁﬂm%&ﬂnm ¢lEmodl /Mpdg Sach set being associated with a

coding state of channel code C;, the coding state being established in dependence upon an-
15 end part of the preceding channel word,

or:

e selecting the my-bit channel word from a set out of a plurality of sets of my-bit channel
words, each set comprising only m;-bit channel words having a beginning part out of a
subset of béginning parts of the my-bit channel words belonging to said set, each set being

20 | associated thh a codmg state of channel code Cs, the codmg state being estabhshed in
T 'dependence upon an end part of the preceding channel word, a o

the end parts of the m;-bit channel words in a coding state of channel code C, and the

beginning parts of the m»-bit channel words in a set of channel code C; being arranged to |

comply with said runlength constraint.
25

The invention also relates to a device for encoding, a signal comprising a
stream of databits of a constrained binary channel signal, a record carrier, a method for

decoding and a device for decoding.



2 The non-prepublished, co-pending European Patent Application no.

00200712. 8 (PH NLOOO074) describes a constrained binary channel signal
which is bﬁﬁ jed by repetitively or alternate using apgfppsifhsszode C 1
and a channe code C2. Due to the fact jhat two channel words wth
opposite parities are available in the annel code C2 5 for each

information word, RhLEH6N-B ﬂﬁﬂe@w@eﬁ&ﬁ IPateRpApplictioe o.bi nary
channel nal can be influence or perform ng guar.ant eed -

DC- cont r &O%O&HZM&NM@HWMQ?@#% GICOW&““FQ bingry ehanael gighal whithid DC- cont r of

I's perfor Q{E&g&? Hafinel chdeSC tional
DC-contro M@h@%ven?g as gsr?n%ﬁcl%g?g?k)@? gp?lgrrfher ?lnf I ue%?gb
predet er rmrlhnjfapanlewo channelowords with loppasiterparities arecavailable inthe ehanpelieads/Crhannel

o tne i roEsen GioRRHRirE riechlig Bporkice BB it Bl Bl el ' 10

val gef of th&ﬁlrietﬂfff[dl agcfoppa-lﬁmtmg @iaranteed ?ﬂamn?rloh Ihhmdd:umam@l-lcpnta;l o:xﬁn nel
word for a s itu ne rd so as,.to i.nfluence Q e
pr edet er ﬁpﬁgﬁgﬁ%ﬁ@,ﬂ%ﬁ%ﬁ] Y\D %hgmlb cadyanigee o%&b&ahf‘éef'%geate

substitutﬁgﬁhﬁaﬁﬁlpwﬂhﬁnd the substltute channel 20 word establish the
sane state. This process of substituting channel words can only be
performed for a limted nunber of entries in the code table. By
substjguting a limted nunber of channel words for substitute channel
words stochastic DC-control can be acconplished, for instance, if the
substitutions causdhg ipgntienhasforangbinet to a@ﬂqe@cq:m@qt@mqumm@m ood to

cubst 1 ot PnE R rfAER coballlabbely Bufi dioat 8, (O pERMGRIIRRADS,

enters thentmkoder. The choice whether to performa substitution can be
carried out on the basis of the value of a predeterm ned property of the
bi nary channel signal, e.g. based on an RDS-rel ated criterion or a
DSV-rgd ated criterion. RDS stands for "Running Digital Sunt.

controlling this res n.of lLow 30 fre uenc nents or
DC-control can beRBiES'?FE‘? f’&’ﬁﬂgm’f?ﬂmp"ﬁﬁg éﬁﬂf%n&‘;fpﬁ’%f’? on"
i ndi cat i ngepehdentbptn ammwfa@ie@umlm pRoperty bmabma@fmaﬂ&h sighdl@thagfiélu mes.
The choice whet her .to performa substitution Y(ﬁn be made i n dependence
upon t he Vardjar ysubstifyte ‘%F’@EFEYVE rdsor8 e inflygnse the Yatue of dhe pradstormined preperty gnal

one want SpfitRe bin \tRAVR] & -wiehéin SR8bsnkte ciihndl vl abd ﬁa@'ﬁhmuit@é}ﬁﬁnelr ef er
to US 5, 136,436 (PHN 125 3)’). WO 01/ 86817 PCr/ EP01/ 04505
20  word establish the same state.

This process of substituting channel words can only be performed for a limited
number of entries in the code table. By substituting a limited number of channel words for
substitute channel words, stochastic DC-control can be accomplished, for instance, if the
substitutions cause a parity inversion. Stochastic control is understood to be the kind of

25 control in which the actual use of this control via substitution depends on the actual data
content (information words) that enters the encoder. The choice whether to perform a
substitution can be carried out on the basis of the value of a predetermined property of the
binary channel signal, e.g. based on an RDS-related criterion or a DSV-related criterion. RDS
stands for “Running Digital Sum”. By controlling this RDS, the suppression of low-

30 frequency components or DC-control can be accomplished. DSV stands for “Digital Sum
Variation”, indicating the total number of sum values a binary channel signal assumes. The
choice whether to perform a substitution can be made in dependence upon the value of any
predetermined property of the binary channel signal one wants to influence (e.g. the
generation of pilot tracking tones, refer to US 5,136,436 (PHN 12533)).



The invention is based on the recognition.that, in the design of the

channel code based on the conbination of two codes G and C2 (refer to the
non- prepubl i shed, co- pendi ng European Patent Application no. 00200712.8

( PH NLOOOGY9Y868Y7her e | s sone extra room for the introd&fCTEBH/QYF0S
stochastic control on top of the guarahteed control. This extra . 5 . room.

i loited in that. a L.imt _ , f .chapnel ds i tifuted f
ot her " subst it ut e TRdPeStpR s e ST e lnifol 0 i b s updRael 1 e

r oper t éwi basedidiethd corbiativhaofned calesCaand CrSrdfaitd thelrion bli et word )
gl sg rel at es.eo t he _substitution o{] zgx mgﬁ\?mﬂ@ﬁ n ordef to
guar antB@‘,d“}gdér‘“?W@Pgﬁ{?Bf pPlisationgoy Qﬁmgfi aﬁ*‘&@@ﬁ DnHEreds S90s SKiidce | evel
i n the sl iftsiichaseibticthastit Sotfl bh fpldf it glardnfed coitrol Ofsextla and C2,

the substitutions, i.e. the 10 conbi nati on of substituted channel word and

subs?i t toom isgxplpited indhat ,atliﬁ‘ﬂ%efi nymber of ghangel yerds i substigigted for pthey bsmMEt i t ut ed

channel W i61; mineﬂ‘ﬁfo?eﬁé i aﬁr%aﬁié tate. In
anot herwwn@t%ﬁ%gﬁgrc%gﬁfisﬁgﬁ%ﬂdﬁ%#nvent I on, the %??Bég% Subst | ?ﬁ%?a?lg a
channel Substititipn of channe svdrds also relaten tncthe githstitution pf 2 patofdi ¢heoneb word. fmes of

Subst i t 4l 0nSy ke ﬁg&é leabhe. ¢ ng‘gm’ Be?drmiahl nti oned.
channelwgglgtg' can %gfsr use t%b?néoggmudggpﬁ ereﬁthflgépes %lggeg s?llg?utions.
| n t hi schaagel cedebisased ont the cembinetiar af dhectwvo cbdes Cirand €, thé substittions, e tieks t her eby

i ncreasi ng.the stoch ical control .on t.he Rinany chann ignal . In

an oi(ﬁer c ngﬂngié%cqﬁﬁf"ke&ccﬁmeﬂngg ﬁ'ﬁq’tf“ e %ﬁﬂ'%"l’@ nb‘f?gl’qvﬁ Pty

subst i t thid twth the substitited claand) word aidithé substituierchianniel workl estiblish thgsmes t 0 .
i ntroduce maximally one type of substitution for each information word. In
this wa§t he avail abl e substitutions are better "spread" over the

i nformati on wor dgn ahdiRéraisthdd uet@raimi fothe Mvefitiors; fivsstdpof gabittifuting @n t he bi nary
channel signal. I n another net hoc!wgccordi n%fée% the invention, the

substitﬂ?@“@%@r%"ﬁ%é@mﬂ? porpRAISEH YL nmee%%f_tsgb%wwn&nnm wor ds of
chapiel codes C 14 afRlablbtbém i the esigDstithd above enkibifed challRB&Sle @ bd1e fact

that, in this channel code, sone _specific channel words do not occur in

t he chawsed o introduce diffarent dvnes pbyubstitutigns, Inthis wey, sybstitutions areorestad, 05de; t hese
- channel _war.ds. A5 Iy J r . URshet Uting a :
Climet edmﬁ%f%@grﬁ%@n@ﬁgﬁ%@?m&i;@%%Mé&%gﬁﬁfiﬁ?%&e ar?ﬁe e‘ﬁ“b-arrgs no%] bel o%gi ng

" to the signehnel 30 words present in the binary channel 'signal before the

SubStLL VLD 238l e Pl L) o oRERE T 00 1!
oni 20 edsubstitntidnecemstfer eath infiermatién wordds of channel codes C or C2 in view of
a constraint on Ygs g&\{a% g&gus_ ?ﬁrn%g&%/n(l)aﬁ?rgghy ol%le type of substitution for each
information word. In this way, the available substitutions are better “spread” over the
information words, thereby increasing the stochastic control on the binary channel signal.
In another method according to the invention, the substitute channel word does
25  not belong to the sets of channel words of channel codes Cy.or C,. _
This first substitution type is based on the fact that, in this channel code, some -
specific channel words do not occur in the channel bitstream under normal application of the
channel code; these channel words can be used as substitute channel words. By substituting a
limited number of channel words for substitute channel words not belonging to the channel
30 words present in the binary channel signal before the substitutions, additional, stochastic DC-
- control can be accomplished. | '
In another method according to the invention, the substituté channel word is

omitted from the sets of channel words of channel codes C; or C, in view of a constraint on




t he nunber of successive XT runlengtbs in the binary channel signal. In an
enbodi nent, x=3. I n another enmbodi nent, the number of successive XxT
runlengths is 6. This second substitution type is based onpdfigpoiagdest hat
sone chann®YOMBEY  which are initially omtted i.;n.view of an RMIR
constraint, can be used as substitution® on 5 t hé c¢ondition that

COMCRt S oot b ng P gt 08 ot S sheabotine, ka0

of this Repeat ed M ni mum Transi tion
Runl engtdnotheﬁﬂnbdaiﬁmﬁhcmberafmcqmgeXTnplmE@StSrﬁat the nunber of

successive 3T runl f M&qﬁg ted to 6.
More i nformation % °$ dlsgb%tglgtxsc{%qg#’ee{%gsgg OBe foun tls}r%\mf)g glh%%m pat ent
?Epl i catwtﬁnhmgﬁﬁﬁﬂﬁaﬁmfudtmHd@ﬁ&nmlﬂmcmmbhmdmsﬂhsﬁtmw% Pg to

e invention subst i nnel .wor a
plurali t‘}‘eSPn‘g%?‘é co ﬁ W)‘F ' PTEIRYSG eéwﬁ’gd)a%gSé‘.r g@e@%ev@ﬁﬁ o codi ng
state di bf BisRMTR/comBtiabift. RMIRWands ﬂdre‘R’ejsate‘dlelmm&mi:smhanlbngﬂﬂ? dnwas in.

This third substitution type is due to the fact t he structure
of the  BNERTGIcopsiat o pes e muntenor Sesegsve tk RulenEiiin i sodberte

condi ti O%Ir"%%‘ wo) &ihﬁ&%% MR infohRafidhRbos WRR cord@dintuah be hﬁndﬁﬂ;ﬁxbilslfedsorfe

channel I's understood to nean that the substitute channel

wor d usepawmapmga@www/@ﬁéﬁnél (ﬂi@ﬁ&pﬂ)s chosen froma coding state
di ff t f th If th
TG en from thgy GROhEnEthA &obidhe ™ A hldihiBh, O8I Rbbhel Sotd s e

pari of the. subs erent fromthe parity of
t he substhdset fomfone setl of wphutality ofsets afrchamnel wards;tht setibeing essopiatedsvity i ned

properti es of th ann and ot her
aspect s gdin tFﬁQéeﬁ?}%g%%\ﬁkﬂFF ‘ﬁ%gﬁa(gt “b%letg%glg%&g ‘g&?he I'gur e

descri :j ption, i E wWhilg$1thiddisgbstifutioh aype is duectodhefaet thit, duedo theditmgtureefithel
according to t - pendi n “25,uro ean Pat ti | & tion
no. 00206henpel z'}Og?eFF‘N 8@&6@8’) 8&@35?%&@%8%{‘%“@?’ Vhigh ?Feg?s thdt

char g&t efﬂesﬁbﬁ*baﬁfon?&d%h@fd? sbin® bﬁ@m&@érﬁs “Nhvaj! 8 andestbed td:&ﬁéhnftbﬁt thehe mai n
code (channel code CI), ainmed for the chanpel .constraints k=10, Fig.

3 shows sebstituteshennelwordyased inthe binary signgl lﬁﬁh‘ﬁ?n ’8 as“l”&’t"@ sﬁ%l te- St at e-
30 Machi Grehe h‘@nﬂﬁ@%&%sﬁt@%e@ﬁﬁéﬂtﬂt@&i%&ﬁé]&%i&ks iAOH ehepltity efthed for the

channel constraints Fig. 4 shows the code tabl e of the rral n

code C1, swbistjtutesl chpaneh ward lexldfcmnéﬁ@m the parify of the fybsgifute chanpelword: 190 fpYinct i on
of the  FRAAhentR b Profibierlified Bibpbrfi T theviRlity oRirBr ignfls téabdal 1

PCT/ EPO
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These and other aspects of the invention will be further described in the Figure
description, in which,
Fig. 1 shows an example of the coding method according to the co-pending
25  European Patent Application, Application no. 00200712.8 (PH-NL000074),
Fig. 2 shows an example of the state characterisation of a 6-state Finite-State-
Machine to be used for the main code (channel code C;), aimed for the channel constraints
d=2, k=10,
Fig. 3 shows an example of the state characterisation of a 6-state Finite-State-
30 Machine to be used for the dual code (channel code C;), aimed for the channel constraints
d=2, k=10,
Fig. 4 shows the code table of the main code C,,
Fig. 5 shows an example of how decoding of the next-state function of the

channel words of the main code is performed,



Fig. 6 shows a. RDS-tree to be used for performng DC-control, Fig. 7 shows
a device for encoding, Fig. 8 shows a record carrier on which a signal

conpri si ng m of databits of a constrained binary channel signal,

obt ai ned a?)‘?)eoﬁss@?ryi ng out a nethod according to the 5 PRUVERIM4HS| s
recorded in a track, Fig. 9 shows an ed arged portion of the record carrier .
of Figure 8, Figpjolf SRR ' ading. B g. 11 shows a

recordi ng device Flgfgrecor i ng'qﬁ%#ogﬁena?#g’g%&% .‘-'“"g'?gi@ﬁmkl a reading device
for reading out aFige?shawszadevice for enddilig, gure | shows graphically an exanple

of the codi ng nmethod, ,Using this. .neth redeterm ned propertjies of the
bi nary channel si%ﬁé?s@% Eqre) PRI A ,°£6F‘g§¥§ﬁﬂpgsm¥g of-datapity

DC- cont iofk cotistrainbdbinbtyeshamiel ﬁm,fomd@dﬁa@ng%ﬂa%ﬁﬂd%@d?di%w@at i on 15
ne

Y.

pattern.that is alfsig known at the decoder. consi der two chan codes,
G afd &vengonigreegled matack, i ed on n-bit symbols. Channel code O is a
- high-rate. code wiki§. 9\sHots Bl edlBE pifon ST Edord O Ber GE Fi lowrate code

with n-to-n2 mapping. In this exanple, for d=2, k=10, C1 has a 8-to-15
mappi ng, and C2 HEg Y dowsadovicefopergding=8, nl =15, n2=17). Guaranteed

DC-control, i.e. ence of information
FiE. HGheRS b rédbrdiy de@i‘é@i;o\‘n Wﬁ?@?@f“‘i’a

words, is achieved'if the followmng c isfied: for each
n-bit synbol, chdfigd? shemva gadihgideviondorrtadingaiut auecolgl,cariee Wit h even and one
W thgodd parity in order to influence the RDS-value of the binary channel
signal; for each n-bit synbol, the two possible channel representations of
code C2 have the sane next-state. The Finite-State-Machines (FSMs) of

codes O and C2, dndicating the states 2 d state characterjsations of

t he channel codes#‘%ﬁei%“é%@ﬁ%@%?megﬁiﬂ}mﬂ% Yswgthis and t he FSMs
ar e basmethod ptedetesinied priopértied sfahebifiary SRMMEL Hinal SRl cdD fdr'eRRagIEK’ S

defi nit*.?on see l? 3.1. of the book "Codes for nass data storage systens”,

K A scif5ghammired DEscoptrol vig the aliripation o twogndss, Gnandicavia an altermationi sher s

(| SB\- Oplattéh-i2 Asodnow at ¢l ddchddrl €s that channel words ending with a given

nunmber of zeroes_have a certain nmultiplicity, 30 irrespective of the fact

whet her they ar e%%\?‘i“s@ﬁ' %FQ(H#&W?&F"%I@ andl Gon Batl codes araappliedyn whit from t he
dual _cosfubiols, CHBePRRE O Wi FUOBIIGAIALLA) b SinE Pt SRR G0 whi cf
Tty 1 eTo ng:

. ) X 'Cy18
satisfies an approximate el genvector I nequa ot

V(d=2, Klegpte cofowith n-ta-nzp mapping, B thisexampleidard, k=104 1dlasa 8a046i sati on of
L, S il b g 2 S 7,5
01/ %5 8 1BCrontrgiforieverymssible sequence of information words, is achieved if the following: -- ;
conditions are satisfied: for each n-bit symbol, channel code C, has two channel words, one i
with even and one with odd parity in order to influence the RDS-value of the binary channel
signal; for each n-bit symbol, the two possible channel representations of code C, have the
same next-state. The Finite-State-Machines (FSMs) of codes C; and C,, indicating the states
25  and state characterisations of the channel codes C; and C,, have the same number of states,
and the FSMs are based on the same approximate eigenvector (according to Franazek’s
definition, see § 5.3.1. of the book "Codes for mass data storage systems", K.A. Schouhamer
Immink, November 1999, Shannon Foundation Publishers (ISBN-90-74249-23-X), which
implies that channel words ending with a given number of zeroes have a certain multiplicity,
30  irrespective of the fact whether they are part of a channel word from the main code C; or

from the dual code C,. The approximate eigenvector in this case of d=2, k=10 which satisfies

an approximate eigenvector inequality is the following: V= k=10y= {2,3,4.4,4,4,3,3,3,2,1 }.
However, the characterisation of the states of FSM, for C, and FSM; for C,

may be different. These state characterisations are chosen in order to realise the constraints




| nposed on the binary channel signal. These constraints can be, for
exanple, runlength- limting constraints (d,k) or an RMIR constraint. In

this way, tﬂé@ﬂ@ﬂrai nts i nposed on the binary channel s'i,g.p/?hm?%ned by

concat enat i nil-bit channel words and the n2ibit channel” wo are
satisfied. We can call channel code Cl the main code, whereas channel 5

an - b t TP PR Wy parnd AT THER el S ¥l SRR | 1P,

vi:a a chaiithg énstraints (k) owan RIITR] donstredmtninl thisovay, he constraintsimposed ondble C2.
The two gyail abl e nP-bit. chgnnel rds are indicated in Fi L.by the
correspoﬂﬂ%g}tﬂf‘?ltsi‘@é’tforﬁ’eg%g ca nat'mg%h%mé-lbpg eﬂw?%éaf“g%?n{%?t of this
Figure g%hﬁe' 1wb{1ae, aré@aﬁ'ssﬁbleWe Eﬁf@ﬂ@mhaﬁnbﬁcoﬁedilmmiiﬁfcﬂae, mfetehechamel ;
Finite-State-Machines F nd F en converting the infarati on words.
[t bode En ATRESN FRA L AL Poden GHSPRRFS SEUR APt APt an - b 1
channel \%&ma | WordNSwhith SoiveRid Tntb zinrrﬁﬁbﬁ Fnfi61didia 2544 éhadthellCi@r ali@nnel
e co

word to oding state of the next channel word, whereas when converting
an i nf or restmobit chanoel ward § viga ehanpgl codeGnnel word, two arrows point fromthe

codi ng state of thaycRaPRRkaNRLA bk WorkAH BlicikabeFigied Ny BEX! channe

word, indicating the cholce between t -bit "channel
wor ds. Therespoading patitiesf “0°1 apdr*d . IThecmomtsdn thedowérqarted diis Fighrerdepict he wor d

(256 entrjes,, s t.he inf.or i ' T n2- bit
chanr@l wiﬂ% S @P@%@gi@éﬂg% ?ﬂ“‘%‘ﬁ%‘?éﬁ‘g@%ﬁ#?%ﬂg% 5\,,5@ the same
next - st atcdonvéNisgithe iiformnationgvards. ft-can be seehaliatmthien tonvertthg2f infotroation wdid bi t
channel word, this nm2-hit channel word can.be chosgn fro he, t wo, avai | abl e
oo DIt cHAM AR Bl o NGt AW DA SOt Ealing e L e ShinRL P,

DC- bal angghedodide staté 6Fthé héMt GRAnnEIoR6rd, Whetedsavhdn ToRWEtIR arci fotiabtorDwordhe
state characterisation for a 6-state Fipite- State-Michine to gge)mg%ad f or

the mai n iBld@ Mabikehasnel wud, twearrows peigt o the coding state pithe ghanne
Constfsgi Nheé cdding’Qate BFeinft cibinl FRY, Sofcatiglthé Théic@Bewedfine fod Redilaplede Cl -

has a 8-15 mapping. Figure 3 shows an exanple of the state characterisation
of a 6- stmz-bit elava@dst e- Machine to be-used for the dual code (channel

code C2). In this jgglrele B Al ddh Snfbndio iRdniMekh are
d--2 and k=10 and ?ﬁg%ﬁ%ﬁ@ eq(fgephcgs a f@?ﬁ#ﬁ mappl ng. ggq n {1 eese
Fi gur es, & thwinfdrmatiorofvords arelfbits long, as8)tavo nuebif chanveliwordsare awdilable withy ds | N
in state 1 of. the.min c | ndi I ks, \ul . i ng
oo | PR A e i B s hEENER, Hncn SpTaRTe S kbbb B RRE "D,
of St e idtoqin rifibit citannel ol this npebitatiamse] siokd candrervhbsendrons theitivh availablgi Nni ng
0 100000019120- i(gjc‘hanhelvv\%rgé /Ir? ggsl gmer’leiIg, E)I?sc%:l{og’c%?g 15183d7to create a DC-balanced or DC- -
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Figure 2 shows an example of the state characterisation for a 6-state Finite-
State-Machine to be used for the main code (channel code C)). In this example the channel

25  constraints to be complied with are d=2 and k=10 and the channel code C; has a 8-15

mapping. Figure 3 shows an example of the state characterisation of a 6-state Finite-State-
Machine to be used for the dual code {channel code C;). In this example the channel
constraints to be complied with are d=2 and k=10 and the channel code C; has a 8-17
mapping.

30 In these Figures, a notation of "~10%", as can be found in the column words IN
in state 1 of the main code, indicates all channel words with an ending "100". In the same
way "j010'°1-", as can be found in the column words OUT of state 2 of the main code,
indicates all channel words with a beginning "0100000000001".
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for t he Ci@nd € allove filk state-insigperident depadingseci fi ed nunber of information words
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approxi mate ei genvec appr oxi mate el genvect or inequality,
‘then a fthestated formging adiduite-StatetMadhinep tion erovialecading sanchedowndner
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n=8, mil= =17 : u3|ng I nventive measures,
appl y tﬂégg tsgg’b“r?f‘;f %&“PH:PE&WS? Z@%ﬁg‘%@?&mu nary channel signal with,
for ogxanpl e, d= 2 Inr§=§36fﬂ'ﬁbfﬁbok(ilr1s e:qilﬁined-ﬁatcm”nrdércto beablep eopstalcta generate a

bi nary channel gn th a d=1 cgnstrai Fi gur.e 4 shows the code tabl e
of the ﬁﬁﬂ‘ﬁn‘@dﬁé °‘(’,’BHI¥"’§I"3’8“B Ea’ﬂf 8“’?‘6&’1 QR ont ry

i ndex 1 eRLAIRdrid Batl t@ﬁmhﬂé 8#th@ bankd 6t othep phmtlfiail GtafssinmBnenytaiteofront @ach55) . The
six WO 01/86817 PCT/ EPOL/ 04505
coding state. The existence of a set of coding states is therefore a necessary condition for the

. existence of a code for the specified number of information words (256 in-case of an 8-bit
25  information word). It can be shown that if an approximate eigenvector satisfies an
approximate eigenvector inequality, then a fixed-length code with the predetermined
constraints and other parameters of the code can be ascertained. More details can be found in
§ 5.3.1 of this book and in the literature references therein:
The coding method in the above example has the following parameters: d=2,
30 k=10, n=8, m;=15, m;=17; a skilled person can, without using inventive measures, apply the
teaching of this method to generate binary channel signal with, for example, d=2, n=7 or d=2
or n=13. He can, for example; also generate a binary channel signal with a d=1 constraint.
Figure 4 shows the code table of the main code (channel code Cy), d=2, k=10, RMTR=6,
with the entry index representihg the index of the 8-bit information symbol (0-255). The six
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8 colums represent the six states of the main code. For each entry, one
15-bit long channel word is listed together with the correspondi ng

next - st at ewgo'i'/tﬁgt"}s code table the different types of supﬁk%ﬁf’d.‘%déaare

I ncor porate e different. types are el uci dat ed; bel ow. npl e
coding table of Figure 4 the code tabl @ has three rows for each 5

i nf or mat t ont ai ns
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ossi bl e w t h cond| T annel wor.ds n__ be used as
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t he = constr, { not Vi o upon concaten ion Wi e

pr ev:?c\)/g iﬂ‘g W@é‘@g‘&ﬂ‘ﬂ"&? 0 vﬁﬁqﬂséﬁstﬁew cquia %ﬂ!ﬁ‘é’ﬁq tute
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construction of the channel code (indicated with EFMCC, for EFM Conbi
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bi nary top of
t he guarant ee%slgg cont lrw?l Q;X Qforggfexan%ﬁe ﬁ&?’ggﬁast | gﬁ%zﬁcﬁar ol
(SDCC) frow cohingghannebwerdgthatfre Embmutlmrlmbdlé' the RMBRt= 6hmstrmnmst ionis
not m | | e e first
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whi ch i sustdas substitete chanmnpl Mﬁdﬁforlaeﬁ'ﬁmﬂnéﬂﬁ sﬁbéﬁmtlm of the secdndttgpe. of 34 sur pI us
wor ds. These word 20. can_be .us unco I, O rds can
be found in the sj!?%ﬁ?fler cRuFBtion, %gba"f"glﬁ’f’g {] #&Wﬁﬁiﬁ'ﬁgﬁ %@%‘Pe f or
state 6,Cdrhilsi @dﬁ}mmﬁfoﬁ/ﬂﬂﬁﬁmﬂaﬂﬂ&ﬁcihgpﬁdeﬂfmhb@piopéﬁémm@ﬁmawor ds 224,
248, 249, 250 .an é‘arT e secogd type of SDCC is related to_channel words

that ha $i ec-i! oytrel\of stoc W@W@B%WW“%P@'W@hese
chanmel APifisample, H&Eﬂhsﬁ@ﬂ@-édn%ﬁdsbccﬁér 1Be nﬁi&p&JdEWBTEPMCC js€-, on

condition that concatenation with the prévi ous word does not Iead to a
vi ol at i cen¥dered, butdhs favention is apﬂtmltqdrtoﬂlm examplerV edistinguishithien sipesiof ds t hat
woul d reffyh¢e a check on the RMIR constraint upon concatenation with the
next channel word are omitted. The nunmber of surplus words of the second
type are for the Ihﬂiﬁ@tmlssphtedioﬂl[es}l@h&\ﬁqrds;@themamqode&ll,ttheamnbér 19

Son 3 s RUSBRSS U2 LR 005, RFREd b FhPity 0
be f20undambe tised uncdmiztiamllp ﬁ‘hemuqﬂusaﬁﬁds edithe fBlfid inlzlth&secaﬂcB:o“Qdﬂhe 2otle, 221
based ofPinE Fige . FRGaBple dnRniesy B > B wondy e 1o & HEAAB e Boss! bl e
from st aﬁads4224om d49,50tapd 251.f or t hose situati ons where the previous
channel word has ’Elhet sre%clnlni tgrge cz)fe élggé is r%lafednto f:h:fnnelawgrds that have been omitted
in view of the RMTR=6 constraint. Some of these channel words can be used conditionally
25  assubstitutions, i.e., on condition that concatenation with the previous word does not lead to - -
a violation of the RMTR constraint. In this example, the channel words that would require a
check on the RMTR constraint upon concatenation with the next channel word are omitted.
The number of surplus words of the second type are for the different states: {9,0,0,0,4,6}, i.e.,
a total of 19 surplus words. These surplus words can be found in the third row of the code
30 table in Figure 4. For example for state 1, the 9 surplus words can be found at the information
words 205, 206, 216, 217, 218, 219, 220, 221 and 222.
The third type of SDCC is related to two “state-swaps” that are based on the
structure of the FSM of EFMCC. A first state-swap is possible from state 4 towards state 5

for those situations where the previous channel word has n trailing zeroes, 2 <n <4, and



WO 01! 86817 PCT/ EPA /04505 9 where the present channel word has a
characteristic bit pattern at the beginning of the word: -10" 10110™" i -
may be. converted into -10" 0'n+4l1l- for 2: <m< 6-n. Note that the border
of 'a chanMQOM§T i s denoted by ..' For state independent PGEESAVMFS ¢ he
correspondi ng channel words for stat es94 and 5 have to refer to the sane
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from st at.e S S se .situationg where t revi ous
channel %F’dell’?'é’é ﬁ‘f“Paﬁe@}ﬁg fgrrsgzgg-m%%pegdeq‘d oding, W”‘gﬂﬁg dent
channel wyds fdtatated ACdndr Sigive td efer to metsaxﬂabﬁe-wﬂuaandmecmﬁle hikbeeh the
word:_-10" 101 yb@qconverted into - 10" <m<9 -

n.
The 10 c%?%%%%ﬁﬁﬁl‘idﬁtrﬁ %W%ﬁﬁ?‘é&a@“ ?rﬁ?tgﬁ m@@ for$%r to the
sane byt |+ ge?lm grgq”ﬁl; 4 1is
possi bl e&?ﬂ o qg’f c-gﬁﬁg |t£et;sré]|6fnﬂl§t= ﬁieaﬁlic%,g{= %Qn% ab g‘%t ﬁ@fsﬁﬂ% ?&ﬁ%ﬂ% d
Exanpl estowhrds atef4 fosfhoge an@hmﬁlem the meyms ehannelovexd bas w trailing Broesad <be

found i
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not that for .all,su neI rd S foll ow ng
congﬂlt [ Ogggesgxlpgdlpgl Pﬂ"?ﬁ% ta"filj\%g %’Jﬁ%‘é %\i) ¥ﬂ %ir' y opposite
to that cohditibhat smdamaptmdtamhammte 4z pdssible fop 1 H2 él’(tﬁessmhﬁé d:ddﬁﬂgetﬂ)lw@f d and

t he substitute d have.th me. next-state in the ESM e to the fact
hat t hAbBmEELFaRe k@rr@‘%i’éesi“gf*#sﬁa?‘é&t&w (h' ¢ g %gu‘&“‘tl’é fmdoded

Wi th t hgn @Rl dddigdebiéht theiffornlafibn wbida\, 1,2 3 and 4 ISairipltsio® theQbconk @ERast i C:

type (SDCC), can play ‘i(actl%the same.role as the bytes that are to be

encoded WaPﬁﬁ?‘ﬁétatesh'E?é’{aF @ be fqupd in the poding ablegt e ipformationiigrdiot onl y
the yschay 3gh@e. - ' of the channel word is deciding for which. substitution
may be sui t ed, also the coding state the channel word is in is 25 of

i nfl uence. This cHrmysbpe E@@Mﬁbfob@l sybstitutechannel wexds inthis examplss the 54 and
vord i o TAGRRE CbRRGTRL ALY, ASmiiyE s B btk bty Bebs FE MR B0r. L
to the gheswbstitnied chanmibwerd) biath thesubstitutel wordgsd thersubstisute wordibavesiies possi bl e
S 20" e b1 Do Yoy s Bl S BB L.
30 t20e wexctorbe ehggued withahe mhmwodaﬁl, iand thiatallowefdr a mhsptitlbn ofistb¢hastiatype ew of
trai 11 ng DRy caf iR eniny the Feedhls ah U prER B0 S o X SR ELEBERy o e
next - st atstitutioglcodeCHT he channel words of the nmain code is performned.
V#ien decoding a CR ?nnurs]te allSO e noted that not only the “character” of the channel word is
deciding for which substitution may be suited, also the coding state the channel word isin is -
25 of influence. This can for exémple be seen at the information words 54 and 252. At these -
information words, in state 3 and state 6 the same channel word is present, namely
010010010010000 respectively 010010010010001. Due to the structure of the FSM for state
3, these channel words make possible a substitution of the first type, i.e. they can be used
unconditiorally, while these same channel words in state 6, make possible a substitution of
30 the second type, i.e. they can not be used unconditionally in view of the RMTR-~constraint
and the fact that words entering state 6 have 1 trailing zero.
In Figure 5 is shown an example of how decoding of the next-state function of
the channel words of the main code is performed. When decoding a channel word, either

from the main code C; or from the dual code Cy, into an 8-bit information word, no
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fromthe main code C, or fromthe dual code C2, into an 8-bit information
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t abl e (for nore i nformation out enunerative coding refer to chapter 6 of
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t he maxiredweedibardwareicomplexisy, ichasmaller vmnhg of gates, necessary to implement the
decoder algorithm. We will describe one particular implementation in more detail. Decoding
the channel words of the main code, using the hashing technique is performed as follows. Via
25 enumerative decoding for d=2 the 15-bit channel word is converted into a 9-bit word by 15-
t0-9 mapping. Enumerative decoding is decoding in which the channel words to be decoded
are computed by an algorithmic procedure based on the d=2 constraint instead of storing all
the channel words in a table (for more information about enumerative coding refer to chapter
6 of the book "Codes for mass data storage systems", K.A. Schouhamer Immink, November
30 1999, Shannon Foundation Publishers, ISBN-90-74249-23-X). The number of the next-state
is decoded via 2-bit coding in 2 bits because the maximum multiplicity of channel words
equals 4. The 9-bit word and the 2-bit state word results in an 11-bit index. This 11-bit index
is converted into the 8-bit information word with a hashing table for the main code, this



equals 4. The 9-bit word and the 2-bit state word results in an | 1-bit
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Note that it can be allowed that different choices are made for byte “X” dependent on the
branches “0” and “1” related to the choice at the dual code C,. The use of the additional
25  stochastic DC-control does not influence the property of state-independent decoding of the
channel code with channel code C; and C,, and error propagation remains at most one byte.
Figure 7 shows a device for encoding according to the invention. In this
encoding device 100, a stream bf databits of a binary information signal 101 is converted into
a stream of databits of a constrained binary channel signal 103. The encoding device 100
30 - comprises a converter 102 for converting the n-bit information words to m;-bit channel
words and for converting the n-bit information words to my-bit channel words, according to
the coding method, for example according to the code table of the_ main code C,; (shown in
Figure 4) and the dual code C;. The encoding device 100 further comprises state-establishing
means 104 for establishing a coding state of the m,-bit channel words and of the m,-bit

- KR



words and for converting the n-bit information words to n2-bit channel
words, according to the coding nethod, for ' exanple according to the code
tabl e of ty@ ofREgd1zc0de CL (shown in Figure 4) and the du Qﬁlﬁu . The
encodi ng d@@i ce d}Z)O further conprises sf te-establishing %’%@ns 1 for
est ablishing a coding state of the m-b channel words and of the nR-bit

111161 Véhafiddi etds! USGEEECBAIRG SR thelntRR 16D cHechiFert MR d-fit S cOdi ng

state the _converter, 102 canzconvert the next n-bit;..information word. In
or-der t olnfrmatienworl. In erdeetebe aplede influenge poedeiprmined prapertiss of the binaryar y
channel , cHafife VeRbr 1020 i 'tlﬁi!:lﬂ ' ' . 0L LhLy
substitu?i ng l’zca“j’llei\éﬁ%ﬁted nu r gfﬁgﬁanne?ﬁ%fgg\%sﬁél%ﬁ%%@ﬁpg?gﬂé1lziinnel

wor ds  or nysaher of phannel words with Substiteschahnel waydsefr pettanpl e, a record carri er
110 whi ch a si kSl am of ' of const.rai ned
bi na% channel si %g-ke8%@%,#2%2{)?@%&%&%@%&%%&gosor%\pws 45888 di ng to
the i nveenmpisinigs steamrafdatabits ofa constrained birgy ehafinellsipnal, ebtainedafierged portion

of the record carrier of Fi.gure,8.. The rgcord, carrier own_i.s one of an
opticall &t Pé’fﬁ%bo ?W%ﬁ%%é@@r“&'&’ér’?@ R g tark Sigyee Yshowsant ¢ or ent

type, foenlstgaipiirion efftheredddd eREVE Rk 8, The Ao carriey Sifown Wiend FaRbtically 1 1 €7

(1. 8]

conprises.information patterns arranged in tracks 111. Figure shows an

enl ar ge edyper 15e preorg carrisy may,alsq begfjadlifferant typscfor eampleaef®n pattern in
t he {g ackagRfitdllyhealdBle Hipe\Theirbcokd Sini &m@@%?ﬁf&ﬁﬁgéﬂgéﬁnﬁ%ﬁg@ﬁa dagcﬁs for
a s and secomd sec

exanple, in_the formof  optically detec e mar I ons

114, f or 18xEigpred shows an eplareed portigncl3 of gnernf thetragke hl 1t Fhe inforationfaterhiin st and
second s ' L e ' ' t T. 5 first
ceoti onets patindie 23RN idfignth ERnher ol kit 1535, hlpierifie bl

114 pr eseicallydetagtablepnasiseandisecond sectibnsarld, fui eamply, intdrmbdiate tireasibyinge i r st

det ecta j ' O 113  represents bit cells 116 of
t he nodu at%&c@ﬁ%%%fﬁ%v%@%ﬁ@ Ia‘ﬁg\’}@n,(’%’(ﬁﬂa@lﬁhﬁpﬁethe.

S e ot i g et 0 g QA
t he ot he ignal..l.evel.. .. .fagr gxa t he si gna vel H. e recor
carrier éﬁ%r%ﬁf hich %FW&’" ﬁnpﬁ)e lﬁ%‘@r"&?‘”ﬁ@“’. -t tRbsagtionsdd3 bi nary
channel meprosents bielld Tisrofiexniodilna bikiey SQGOE Raving bheNignal felel! BeiamipR BT i ON
pattern.l If'éﬂgﬁ regg d carrier.is an optically detectable type, the record
carrier CANEPRERY "hlﬁfF‘é‘?nt‘?éB“\RﬁH_ Pt bitcels 417 haying the otherisignelevsl,k nown
to a perﬁmaadpidth@mghaigﬁme@rnﬂlﬁireé&&c&@eﬂmmy Q&Xihefg,fﬁrst%ﬁgg@g%g- n

2, of a constralne |

t hi s decodi ng device 1 a stream of databits _con ary
chardfel B¢ prdylated binary chamghsignaliand then providing theiresfordicartidsiwith thef infopationhi nar y

o R B e A B L
dat abi t sobéined withyraasiering andreplica tenknigiues known Bea petsongkilled in theart.exanpl e, be
oo LSneS e R0t UL MRl B
of databits of a constrained binary channel signal 131 is converted into a stream of databits of
25  abinary information signal 134. The decoding device 132 comprises a converter for
converting the constrained binary channel signal 131 into the stream of databits of a binary
information signal. Decoding can, for example, be accomplished by using a hashing-
technique as described in and with reference to Figure 5. When decoding the binary channel
signal 131, information about the next channel word to be decoded is needed, as is explained
30  inand with reference to Figure 5. This information 133 is supplied to the decoding device
132 before decoding the present channel word.
Figure 11 shows a recording device for recording information. The Figure shows
arecording device for recording information, in which a device for encoding is used, for

example the device for encoding 100 shown in Figure 7. The signal line 141 delivers the




signal 131, information about the next channel word to be decoded is
needed, as is explained 30 in and with reference to Figure 5. This
information 133 is supplied to the decoding device 132 before decoding the
pr esent chYMUBe8lsr d. Fi gure I 1 shows a recording devi ce PEEEPPYAS, ng
information. The Figure shows a recordPng device for recording

I nformat.ign,. 1n _whic dewi o) neodi Na. i e for, exanple the ”
devi ce f%ﬁ’%%d?%%st?(?gms‘ vmt%iﬂfr’le r@&%%@@*&%%%% ivers the
\O/I\D 01/ 8f6£gh31 mlmzmmmgo thejzﬁodulwiedrbim'yd 'ahanmd sigaal isﬁ:omc&dmldalﬂmbb thg f ;

evice for . i ng .100. the recordin evi e .skgnal, line 142 for
del i ver |“1’|‘§‘“?ﬂ@oﬁﬁﬁg?'§etolﬁd hﬁ]ﬂ?@g ‘?flﬂfcilhﬁ Mol lc"igsotfﬁm'ieﬁq@ﬁﬂfﬂmﬁ%ont rol
Ci _rtcuu t tPhesd 194 15 Fa Th Mfﬂ;{p@l h ﬁ%ﬁﬂd&iﬁf t d tm:5 ey bl
witable e is noved. wite head ] is of a custonar e capabl e
of ir&rcféra%/a%ﬁgnﬁ»smrﬁ@wqﬁﬁ%é?@a groyltéﬂ%wgégl%mwﬁts@a%dvégmef 145.
The. Contgeaéraqgwh&oﬂsﬁmmemmdmm@om& ms%saaﬂa&%?ﬂ%?gﬁea%aﬁ a

Sl gha e ul a

control " for the wite head in response to the no d signal
appl i ed costrelisircuit Wi sathatthe wiite headstd4 infroduees @ pettasn of marks thateprrespondsier oduces

a patter SR at corresponds to the nodul ated signal. Figure 12
shows' adr?%%é(ling &(d%i%l?a(h;'e for reading out a record carrier. This Figure 10

shows a readi ng dEigursel 2 showsia rshding dewidedor reatingiaidt o dicont cagien s Figwe exanpl e
h ' devi .. i« ' , T adi ' i
F e 0 o s feaing Bevids I hREMcliRe for Abboind rueed for cRBR e Rlodi BT L 1°°

accor di rig2ishovinia Figure 0. (Tha reabling Heviexomprises aréadmeddbll52wd a chsteman type fidror nat i on

pattern that corresponds t he .yodul at ed bi ngry chapnel, si_gnal, accordi ng
to the BiFeoRaTies L) aeending S SrOn SRS e 3L BRI o1 e
nodul at gafoRfaidh Phtten ihat dok@spbhds to iR msiuldtsd Efafindl Sigahal @bdordiig folike r ead head
152. Detection_circuit 153 converts this read sjignal . in custgmary fashi on

to a bi rinveptian Jheread ipaddq2 then pradnees an analogue read sighal mpdulated e to 'ty | st
t he 45NV gpoirliol pEndRCRAd SR ThdYesl Neiall 157, PleRb@ot Erehif 15 @hoérsanls RABGghTENt S

20 therefor, it is to be understood that these are not |imtative exanples.
Thus, vdn Pestpmary.feshieon to-a binasy sigea), Whichhisapplisd to thedecoding st 13Ri | | ed i n the
art, without departing fromthe scope -of the invention, as defined by the
clainms. For exanple the scope of the invention is not limted to a binary
code. Wthout deviating fromthe gist of the invention, the substitutions

according to the ngt | ha.. QBH' .|d Lol = *F!d ernary
codes or other Mary (?%é ege.n&ﬁggﬁ)&%g%r 0 Sﬁh#grﬂ théegl eﬁ%ﬁﬁ‘g?émmds
f or 20@ac htherefbs, it is tofbe nnderstom thas theserars notdimitatins txabples\ithugndrious an advant ageous
situation,.thi.s nunher is equal Ot u rof..val ues .of .t he nul tival ued
" bar |ty Hifclios Ay Dot arpa o e ke 8BS eyl B RS Ypls Vo

| east cofthe imlehtidn)as défihédbycthé cluidslies at - | east once. In the case of a

pnary code (Wt V3l HeE the Stope of e invention it Selimited i & bisry code: Withost © *

deviating from the gist of the invention, the substitutions according to the invention can be

25  applied to multi-level codes, ternary codes or other M-ary codes. The number of different mp-bit
channel words for each n-bit information word must at least be two and in an advantageous
situation, this number is equal to the number of values of the multivalued “parity”-parameter,
while the “parities” of the channel words must at least cover all the different values at least once.
In the case of a ternary code (with values —1, 0 and 1) at least three different m»-bit channel

30  words with “parities” —1, 0 and 1 must be present in the certain channel code C, (with the same
next-state). |

Furthermore, the invention resides in each and every novel characteristic feature

or each and every combination of characteristic features.
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30 words with "parities" -1, 0 and | nust be present in the certain channel
code C2 .(with the sane next-state). Furthernore, the invention resides in
each and el characteristic feature or each and |nat|on
of charact § Q&gyf eatures. nuur WO 01/ 86817 PCT/ EPO1/ 0458%'6&%%%%
LULLLEED HlL 22222 till 110 11l t L S, A method of converting a cfmam
of dat apy! Q%Ng a binary information signal into a stream of

constrai ne I nary channel si. gnal wherein the stream

bi-nary information signal- i§ divi ded into n-bit |nfor mﬁm

I nformati on words being converted into m-bit channel words (2) |n
accordance with a channel code Cl, 5 or nR-bit channel words (3) in

accordance with a channel code C2, where m, n2 and n are integers for
which it holds that n2 > m > n, wherein the nR-bit channel word is chosen

(rom 2, east R ol e ARl ol Al 6074 vl Mol A fyp 0™

wor ds ceastéam ofdatabits ofia consiraingd bunalwabannehngual,oﬁhdrd:m thei stream of Qatabisslofsi gnal |

t he met ter t eps,. of .

sel ect | ﬂ%%t%gyﬁ]{fb@at%n%%ﬁﬂg%%@{?gﬁ Q)ﬁﬂfﬁ‘rlaf F@?“‘B‘f sets of
m bbl t odoaisrbeing convetted mm-lﬁmhammlrpr gtc&l(mp’naaéqrdmce Wlﬂ%] acaﬁmpbogm,dﬁ hav: ng
a begini ou subse; of he g Rarts of the it channe
wor dg, 8%1 H'Bgm* &‘r‘?g Qﬂ’é‘l’l@%‘l"l’dﬂhﬂ'ﬁ&m&ode Cli
the codi eﬁsttafwhimunm&s&hﬁbhﬁﬂedﬂ Wh@l@ﬁﬁﬁé’ﬁ%%ﬁ cHRRIR] #Brd id ehRslfBAr t Of
the precedin channei word, or: _select] ng. t nR2-bit channel word from a

set out 2iJFashtwg me-bit; } wards at lggst fige of Whish hawspposilspasitiesetheh set

CONPr i SpégateRityd MR-biti charflePABRIs aH@ﬂE?nztlﬁf’dlﬁﬁnéf “}aﬂw daﬂgm @{&. aQithe

subset of beginning parts of the nR-bit channel worad ongl ng i sald
set, eaeopsgaint ofcthe inaxy Cézswéslawédhwﬂmd cemptising theaepstitive andoraliematede C2,
thelgod ate bei ng established in" dependence upon an end part of the
precedlht% annel word, the end parts of the m-bit channel words in a
codi ng st aelectifg théantbitl chemeb weird froml atsétout bmplnfaﬂnt)gofgalstofnﬁfbxﬁdh&m? bi t

channel words in.,a set of.channel arr ed to co y wth

said runl ént ﬁ%"%%‘r%f?%‘%smw B Rﬁf‘ﬂ@"%‘t’?fgﬂﬂ% g‘?g%&‘%ﬂ?rfg‘ét ?‘he step of

25 substi tstlbﬂeﬂgﬁ belgmndgmﬂdeme nuﬂﬁrb}ﬂnmwdﬁispéacﬁ s&%ﬂ@h@fd&ia&@dmﬂf@per ty of
for a substfitute channel word so

the bi nar hannel ann
as to inf %éaéxﬂg stafe.of c@gﬁw@c@p?} ng codi ng state ing established in dependence upon an

15 end part of the preceding channel word,

sa| d

or:

e selecting the m»-bit channel word from a set out of a plurality of sets of my-bit chaﬁﬁel
words, each set comprising only m-bit channel words having a beginning part out of a
subset of beginning parts of the m,-bit channel words belonging to said set, each set being

20 associated with a coding state of channel code C;, the coding state being established in
dependence upon an end part of the precediing channel word,

the end parts of the m;-bit channel words in a coding state of channel code C; and the

beginning parts of the m,-bit channel words in a set of channel code C; being arranged to

comply with said runlength constraint, wherein the method further comprises the step of
25  substituting, in dependence upon a value of a predetermined property of the binary channel
signal, a channel word for a substitute channel word so as to inﬂuence the value of the

predetermined property of the binary channel signal, wherein the substituted channel word
and the substitute channel word establish the same state.



pr edet er mi ned proper of the binary channel signal, wherein the
substituted channel V\qmugﬁmnlﬂiﬂﬂg |tute channel word establish the
sane state. 1111111111 4 1111 W 01/86817 C_L Npg

PCT/ EPOU04 ¥RMB8ITA et hod as claimed in claim1, wherein BGTEPI14505%¢
substituting a channel word for a subdbitute channel word conpri ses

aher o1 n e a1y Aofbn g i foffgtelR eep e BuFBoR aRdFL vt on

wor d. 4-Wcﬁ'dlmﬁmﬂﬂsmwmhmﬁordboﬁipnsﬁdiﬁer&lt@pegpfmt&ﬁﬁhst he substitute

channel word does not belong to the sets of channel words of channel codes '

Cl or C2. 10 5. Anethod as clained in claim11, 2, 3 or 4, wherein the

substitug,e channela iﬂeﬂxddasﬂalﬁ{éﬂﬁﬁ €ldint 2, 0MekdiR nfakingall§foné bpe e bubsliutisn Of
channel codes Cl1 or in view of a constraint on the nunber of successive
XT r Ie??ﬁ?‘lﬁ@r‘ﬁcl!wgmﬂ}aﬂ%‘y’"%annel signal. 6. A nethod as claimed in claim
5, wherein x=3. 15 7. A nethod as clained in claimb5, wherein the nunber

of successive xT runlengths is 6. 8. A nethod as clained in claim1, 2, 3,

4, 5, 64%r 7, whedemethodas cJaimediin clain D@ arBawhereintbe substitutsabarnel worsm one set
out of cpeing associated with
a codi n?&%ﬂét%ﬁf@{hg%ﬁﬁ?fmﬂe cod f\r?g&glt%l?otdpfﬁ lfbstltut ed channel word

was in. 9. A device for encodl ng (100) a stream of databits of a binary

i nf ormatd on si gna 0 f. dat.abi r ai,ned

bi ngllggaci‘lannel &n’g%ﬂs‘f{ gxmfegﬁnggw %fn?%gwrfée%a‘ B&%‘Fﬁ%@g ‘§°8| ai med
in any dﬂﬂmﬁlfedtﬂ‘im thecete of clgnnél avopds oﬂchmmc:cdescmrmrm&ievgoﬁnonmdimvgﬁ bi t
converte 102 can 0 n words into ml-bit
channel ﬁé‘l"ﬂ@ CFFS’E‘BC%’“&%E%BR}B‘?F II]@’é‘)"{m@}‘*i)convert| ng the n-bit

i nformation words into n2-bit channel words, state-establishing neans
(104) for establishing a caqdi ng state_of the nml-bit 30 channel words and of
the n2-tt channef eras claimg in gyl wherem tder t er bei ng further

arrggged to select the m-bit channel word depending on the end part of the
precedin channel word, said n-to-n2 bit converter being further arranged

to sel edk the mz Bimethorasalaimed iy claimeh atharedythe Aumber of sepcpssive X&f t he

precedir word, wherein the n-to-m-bit converter and/or the
- n-to-ng- onverter conprise substitution nmeans for substituting a Il A
IL[ I WO 01/ 86817 * C L MS PCT/EPO /04505 16 '
' 8. A method as claxmed inclaim 1,2, 3 4, 5 6 or7 wherein the substitute

20 channel word is chosen from one set out of a plurality of sets of channel words, the set being
associated with a coding state different from the coding state the substituted channel word

was in,

9. A device for énc_dding (100) a stream of databits of a binary information signal

25 (101} into a stream of databits éf a constrained binary channel signal (1 03), for performing
one of the methods as claimed in ahy one of the preceding'claizns,'the device cothpn'sing an
n-to-m;-bit converter (102) for converting the n-bit information words into m,-bnt channel
words, an n-to-my-bit converter (102) for convertmg the n-bit mformatmn words into ma-bit
channel words, state-estabhshmg means (104) for establlshmg a codmg state of the m;-bit

30 channel words and of the mz-bi.t.chan'nel words, said n-to-m; bit converter being further
arranged to select the m;-bit channel word depending 6n the end part of the preceding
channel word, said n-to-m; bit converter being further arranged to select the m,-bit channel
word depending on the end part of the preceding channel .word, wiiefein the n-to-m;-bit

converter and/or the n-to-my-bit converter comprise substitution means for substituting a

LNIBr



limted nunmber of ch ubstitute channel words so as to

I nfl uence predeternTﬂﬂ mE ﬂ 'F f the binary channel signal, the
substitute wer decan stltute channel word ng the
sanme st at e@qgﬂ%@] A devi ce for encod| ng as claimed in cl alpﬁéat}%g&el n the
devi ce further corrprises writing meand6( 143, 144) for witing an

informattﬁila ﬂﬁ“ ol % I sing a stream
of databits of a cons ral ne |rn§ei11f%§/t{tlé anne SI gna%o’%@gélﬁgéed after
carryi nqyredetermnedcptopeﬁesmﬁhedmamdxanhdlsxmal the sabsfifutédbclmhnellvairdand theo 8. 10

12. Arec ri ch the signal as clained in claim1l is
recordeos f"?"é‘%ﬂ‘”%‘i’f%"‘oﬂ@‘w\%?%ﬁ% Br mat i on patterns represent the
signal portions, which information patterns conprise first (113) and
second (114) parts, . alternati i n. the dlrectlon of the track, the first
part® pr¥senting dedevice B‘T%"B‘Sgéé%l?’g? helapn, ‘%’é’éﬁﬂg"ifi&r"ﬁﬁﬁﬁ%entl ng 15

det ect amo&pﬁkmﬁﬂgﬁﬁeﬁbmnm)ﬁmhﬁ% paiten dAfaQB&hd tdeder. L he parts
having the first properties representing bit cells (116) having the first

| ogi ¢ val ue and the parts haV|ng the second properties representing the

bit cellg (117) havd Rfndecoding a
stream ? dat abi t?% a co stra| n %fggt%gwﬁan%gf“@b m%ﬁg ‘90 a stream
of dat atsignsl, obtainedd afier saryingoutens efthesiethods, astchrdmed infemgt one nﬁclamsrigotshe step
of cR)nvertlng the signal as clainmed in claim1l into a bit string of bits
having a first or a second value, the signal conprising the m-bit channel

words ani®.t he n2- mmcmﬂamef(l\ilmdswhlcht}&MIﬁdlam@dmﬂmm 51 BgedoRtedn- bi t

i nf or mat,i on .wher ei.n. on ..n t i nf or mat.i rd.is ssigned to one

channel %P&“V\gflq?b "bﬂ’g“’gd‘%& FAnITR es%}llf Ii‘?f“ml?’ cg for

decodi ngnfohBao aaemeaanpzfisecmtqm)%n@tseoan&gua) ?&tsnﬂfkrﬁdtiﬂgﬁﬁ/the‘aﬂ?ﬁtg&% S It gnal
e

(131) intg a s of databits I nary i nfQrmati on,  si gnal

devi ce Qféliﬁ)‘?"rcga tﬁag@&nv&wwgﬂ%%\% prepzties and the serendspasts presemting a bi t
Strigy Qfetédiable phopertid disting lmablecﬁmﬁlﬂ&m%ﬁe?ﬁéé%e%%s& e BRFPri sing the
nt-bit channel "words _and n2-bit channel” 30 words, the t string

conpr i siRreportes f?ﬂ?ﬁ@“ﬁ&b‘b?%ﬁ@h@x}ﬁﬁﬂw figgt dogic Malupand the parts h@ﬂ/mgrthﬂ ion word
s assigg ggﬂggg t | word. 15. A
devi ce for 3?‘) Ing as c érlrwéégvgél}:sl@}&qﬁiﬁg%gfé%ﬁ?%b%aﬂgl ce further

conprises reading neans (152) for reading out an information pattern froma

record Qe Ler. ‘A method of decoding a stream of databits of a constrained binary channel
20  signal into a stream of databits of a binary information signal, the method comprising the step

of converting the signal as claimed in claim 11 into a bit string of bits having a first or a
second value, the signal comprising the m;-bit channel words and the m,-bit channel words,
the bit string comprising the n-bit information words, wherein one n-bit information word is
assigned to one channel word or to one substitute channel word.

25
14, A device for decoding (132) a stream of databits of a constrained binary
channel signal (131) into a stream of databits of a binary information signal (134), the device
comprising converting means for converting the signal into a bit string of bits having a first
or a second value, the signal comprising the m;-bit channel words and the m,-bit channel

30  words, the bit string comprising the n-bit information words, wherein one n-bit information

word is assigned to one channel word or to one substitute channel word.

15. A device for decoding as claimed in claim 14, wherein the device further

comprises reading means (152) for reading out an information pattern from a record carrier.



