1 7 May 2004 Device for reproducing a digital information signal and method. The invention relates to
a device for reproducing a digital information signal from a channel signal, the digital information
signal being runlength limited with one or more constraints, comprising receiving means for receiving
the channel signal. The invention also relates to a method for reproducing a digital infoMagtifo4ignal
5 from the channel signal, The invention is in the field of channe| coding, in particular in runlength
limited cHAANEF dBLTRB RS RS UL ANPERE ISR B RS MEssed in channel bits, between
consecutive transitions is called the runlength. A (d,k) sequence is characterised by two 10
parameters, a d-constraint and a k-constraint. Hence, this (d,k) sequence satisfies the following two
conditions: due to the d-constraint, two logical "ones" are separated by a run of at least d consecutive
"zeros"; due to the k-constraint two logical "ones" are separated by a run of at most k consecutive
"zeros". The (d,k) sequence is converted (from the (d,k) domain) into a runlength- limited (RLL)

sequence of the type (drk), (iR thE R LIALMENIURANBFeGAdINR LS bR GRRENatR A6 Hom

sequence comprises elements with runlengths (either an array of consecutive zeroes or an array of

consecuti¢elnmnas) veeplitha deHrhuverariieo ignaklstng tvilpegibdenisdbsishaaardigmal reversals in
the infom@ﬂﬁﬂaﬁiﬂ&%&ﬁﬁsﬁﬁé‘%@@e%ﬁgWaﬁ?%ﬁ%ﬁé&%‘%ﬁ%ﬂ&ﬁﬂ@i%ﬁm and maximum runlengths

of the element allowed in the sequence. It must be noted that in stead of the term "an element with a
runlength” the term "a rliifaRyeRten akodcletesustadrashed Fatepuedicams thdigiahisfermanersigie used
to indicatespathranelgneedtR{ia (d.k) sequence and an element of an RLL sequence. An element is

considered to be extending over a runlength in the RLL domain or (d,k) domain. In European Patent
Application No. 98201515.8 (PHN 16.906), a non 25 prepublished patent application, an device being

capable of generating arf{gHRLINIGAMANAR HEnf thedigitauinRimptien enathagdHRisRgh limited

with a (d+n)-constraint and a (k+n)- constraint is described. In this patent application, a device is

describedHENEbRERS & kBB eHANRE iR WiIE ccuPEess et Hlshaged i Rt ahother channel
signal that fias & ekeRalRINaavalda tHeMaY-ROPA A (d,k) sequence is characterised by two

10 parameters, a d-constraint and a k-constraint. Hence, this (d,k) sequence satisfies the following
two conditions: due to the d-constraint, two logical “ones” are separated by a run of at least d
consecutive “zeros”; due to the k-constraint two logical “ones” are separated by a run of at most k
consecutive “zeros”. The (d,k) sequence is converted (from the (d,k) domain) into a runlength-
limited (RLL) sequence of the type (d,k) (in the RLL domain) upon precoding in a 1T precoder.

15  This RLL sequence comprises elements with runlengths (either an array of consecutive zeroes or
an array of consecutive ones) of d+1 at minimum and k+1 at maximum between subsequent
signal reversals in the information signal. The values of (d+1) and (k+1) indicate the minimum
and maximum runlengths of the element allowed in the sequence. It must be noted that in stead of
the term “an element with a runlength” the term “a runlength” is used. It must also be noted that

20  the term element can be used to indicate both an element of a (d,k) sequence and an element of an
RLL sequence. An element is considered to be extending over a runlength in the RLL domain or

(d,k) domain.

In European Patent Application No. 98201515.8 (PHN 16.906), a non-

25  prepublished patent application, an device being capable of generating a digital information
signal, the digital information signal being runlength limited with a (d+n)-constraint and a (k+n)-
constraint is described.

In this patent application, a device is described that converts an encoded channel

signal with a d-constraint equal to 2 into another channel signal that has a d-constraint equal to



1. This conversion can be carried out in the (d,k) domain or in the RLL domain. As a result, all
runlengths will be shortened by one bitcell, resulting in a converted channel encoded signal. Upon
channel decoding, the runlengths can be enlarged by adding one bitcell, resulting in a replica of the
original signal. If this device is reading out an informafion carrier and misses one 5 eleiviant20ih a
certain runlength the following problem occurs. When deconverting the digital information signal with a
d-constrai}nﬂaaanbV‘i{SmPoca%ﬁﬁmﬁﬂhﬂbm@r@%ng&reaﬁ&%hﬁ&ammé foredilttithissed
element (eu@lsnbile kARG RskaR B ERainR darFsnlEesArsiog hedigitaliefervaliessignal) two
bits should have been inserted into the d=1 consg?ined c%zﬂgel signal as claagil element results in two
I

transitions? MHIIBPUOAFS ORIl THPbIS BRrARRE TR <L AR AR EGR SIS SRS Mising
transitionsdpéisklonthdoai diislipeimi thetehRalRnRledo dendivigicnt el o foandohkareias i dveasregewith

standard Read-Solpmon error- correction measures, like CIRC, the error-correction process used in
the D%ita%&[ﬂ%t ‘@Efpﬁﬁggﬁﬁué@??%ﬁbﬁ‘ﬁ% YIRS PERRISBLRIINS LR SHoamSTE RS etﬁtgﬁ t sync
word in thinfsigalod Sidhe Wveatibocnssdor sguabject, tihfra\diigta devieeataim eipiodwaiihc adigital
information signal, Whicf mijtigates the effe(%j)f errors pre e%rt in g.channel si%;al re.ceived_}%ﬁ/ the
device. Tﬁ@‘&iﬁ%’é FULL8 3858 PERETR/EMOR (& & AP HE AL AL RO HROR S ithther
comprisesongaisd@ieodigialingfarahatasisiranewgthiwithoaldregei@oninaskmatlimiodieative of a
minimum runlength cqnstrajnt or a maxi runlength constraint of the channel signal and for
enerating SRS SEMAE WHER IS CASE SR TR 01D1 A SR LB, SA S DEHe means
for inGespanseléméhewnhteksiginadeleghgerinsaring ansshgneantiiiotiha ehaning isignalsiay The
invention | baﬁ,ed ntlae recognition that th%runle th of an element of{ tI;g channel signal can
indicate (HAF UMY ERYS CHIh ISl BRicPS BT AP YR e YA FORRAR R HARO P B otected
or that an @xitet@dameatinas, bhikeCiRsertre cByreampating e csu nkeaginthé thixichiannglosignal with a
value mdu&gtlve og Bllécqxl%%tg? at of this sclgrrﬂal, an elemel?st of the runlen%ré Ilml%ed dl%‘l,ta| mfotflmatlon

signal can & FéStaced with AnotRer'36° elerﬁ%%l{?rfmﬁless‘@vay}l%ﬁg (r)ﬁlss%?nté) rUnEAgth ¢a Bredilﬁlserg[ed into
the inform&gioai.signal. Doing

15

The invention has for its object to provide a device for reproducing a digital
information signal, which mitigates the effect of errors present in a channel signal received by
the device.

The device in accordance with the invention is characterised in that the device

20  further comprises means for comparing a detected runlength with a predetermined value
indicative of a minimum runlength constraint or a maximum runlength constraint of the
channel signal and for generating a control signal when the detected runlength violates said
constraint and substitute means for in response to the control signal deleting or inserting an
element in the channel signal.

25 The invention is based on the recognition that the runlength of an element of the
channel signal can indicate that during reproduction at least one element with a certain
runlength has not been detected or that an extra element has been inserted. By comparing the
runlength of the channel signal with a value indicative of a k-constraint of this signal, an
element of the runlength limited digital information signal can be replaced with another

30  element. In this way the missing runlength can be inserted into the information signal. Doing
so, the number of transitions in the signal is reconstructed correctly. This has as a result that,
when converting the signal by changing the runlengths by n bitcells, the correct number of bits
are inserted or deleted and no bitslip errors occur. Similarly, by comparing the runlength of the

channel signal with a value indicative of a d-constraint of this signal an element of the



so, the number of transitions in the signal is reconstructed correctly. This has as a result that, when
converting the signal by changing the runlengths by n bitcells, the correct number of bits are inserted
or deleted and no bitslip errors occur. Similarly, by comparing the runlength of the channel signal with
a value indicative of a d-constraint of this signal an elément of the 3 7 May 2004 runiENgih 2idoided
digital informEtion signal can be ,re%aced with another element. In this way an extra inserted runlength

can be re RIHirg Mg ih SR AGRRISERN SRRRCFRRRSEH VLR B N Y L AYa 1arge

runlength is defecied i @rofishgthannet catsirg themdptdatiomalismalinainiengtharEigsdtienchannel
signal with a d-constraint of 3 an 17 r@nlength sly be detected as the runlengths

5 can.erfoneo
121312 ARGRR S HEHES SEOMIY 1788 THOBAEOR s CHRSISCErSBEISY BRADRE PN ined value
is larger thirthiemadmuntuitelenashbnthe coanel signal witteapresasegiin die sigrahaflapgiement
with aérunlength with a predetermined 10 valtue whighl[iﬁ_élirger than the maximum runlength in the

correctly FATLTHOREHERNEE SEtaied a8 PmBIR eproduced information signal contains

errors. These errors canhaleaudseitbycacsongattethéransititon shitidoadtalsedoy enanigsing runlength. This
device therefore has é?s n advantage that a substitution of part of the regcrjé)du ed digital information
N gedsy

signal onlf " SETFRIRCS YaTuGVR K R RN AN BRI R SHREREth &, al. If a substitution

would 15 take place on each violation, an unjust substitution could take place, e.g. in case a small k-
violation caused by a trapsition-shift. would. occur,. In this case (i.e. an error in the reproduced signal
e 10 transition-shift) B RGN CRAGGHLCAAD BT Mo OBt I RS Hbr t
correot thednformadion sagaal tiAnatikanaemoenatadsalig iotie swenjodeiscbdcaatarssighaltat the
channel 20 signal comprises contrgl elements that exceed the predeter 'ﬂed value and that the
predeternRaZ AR 10/ He R YRR NG AT b A LIS SHeBert i SRl Signal,
Another demisedascording ltedhenkitemtichi fisbolhalactsrisadsiirtp aiiiiben ghn Tal Ldemientieaecéore has

synchromsatlorMnarEs. TEe channel Jg{llal usuaII%/FEo?g rs P(ic%)egtrol Ie?went , for ex nIle 25

synchroni%%ﬁ%n maest %tsaesély tclﬁurénls%ﬁi%anrt arkE S (ljgf(t)asi/nng 15ihige Srlécrzlglvmd/ the

informatioocofithé ehalanetsidnakwhdatieadipgestittheticardgetodncodidgiial bE albidbiatdetectyould

15  take place on each violation, an unjust substitution could take place, e.g. in case a small k-
violation caused by a transition-shift would occur. In this case (i.e. an error in the reproduced
signal due to a transition-shift) no runlength is missing and therefore no substitution is allowed
in order to correct the information signal.

Another device according to the invention is characterised in that the channel

20  signal comprises control elements that exceed the predetermined value and that the predetermined
value is larger than the length of control elements present in the channel signal.
Another device according to the invention is characterised in that the control elements are
synchronisation marks.

The channel signal usually comprises control elements, for example

25  synchronisation marks. These synchronisation marks are intended to synchronise receiving the
information of the channel signal when reading out the carrier. In order to be able to detect
these control elements in a reliable manner and in order to be able to distinguish these control
elements from the other, data containing, elements, these control elements have a runlength
violating the k-constraint in a relatively large manner. E.g. a (2,8)-sequence comprises of

30  synchronisation marks with a runlength of I11. This device therefore has as an advantage that
a substitution of an element of the channel signal only occurs if a k-violation is present in the
reproduced signal which exceeds a “violation” of this constraint due to the detection of a
synchronisation mark. If a substitution would take place on a k-violation due to the detection

of a synchronisation mark, an unjust substitution would occur, introducing additional errors.



these control elements in a reliable manner and in order to be able to distinguish these control
elements from the other, data containing, elements, these control elements have a runlength violating
the k-constraint in a relatively large manner. E.g. a (2,8)-sequence comprises of 30 synchronisation
marks with a runlength of 111. This device therefore has as an advantage that a substitag@004 an
element of the channel signal only. occurs if a k-violation is present in the reproduced signal which

exceeds a "violation” of ARG ASHEMAGEOR e e IR RIIP B AT RTSIHERAL She e Substitution

would takeuplageaiby kryieiadianteuriasthe detetionh ateryinghsahisaligimiarnRMghjust substitution
would occur, introducing additional errors. 7 May 2004 Another device according to the invention is

characteri€88Hat the element substituted by the substitute means has a runlength according to the
minimum runlength comsisaiithesprrisiaoisatiavadnitaiaddiial virarderdQgri! ddeeard carrier, the

small_5 runlengths have the largest probability of nat being detected, This device therefore has as an
advantag SRS Rt BPNAHE F%H&Xrﬂ’g?ﬂ{aﬁ%r}%&ﬁg%%mgnd@é?ﬁé% HeAARAIM allowed
runlength aghgningz a2 Contsiriained coperthiSthaMouhalaweddumiengincisaeml #itnlengihumill have
the largest_ probability th tacorrecffo_??fbstitution is cffrr'ed out onto the infor atiog si%ﬁi# 10 A
method 1o IEBFOAUBIFEEL Rt fbraARORLiGH SPAOI S BALAHE! QA0 B R Hdrmation signal
being runlemgthaimiiet] htb hiseaegenietebililyainis camprisgstingiostepsieideoai\vng the channel
signal, comparing a detected runlength with predetermined value indicative of a minimum runlength
constraint'0r° %%ﬁﬁﬁ?i’unlength constraint of the channel signal, generating a control signal when
the detected runlength wielrtasdaitreprosiiaiing, aadigdithb is tlagitititin g g efement et ghadndksignal in
response to t 9ntrol si&gzr?al. 'Il'l;?)ese anq othﬁr.as ectstﬁf the invention will be further. described in the
sl

he.
figure de .‘b%?éc OTTRAS SRR FENLAR HARIEL Yo RIS ATIECA QAR Ly SR R Y (d-1,k-1)
20 sequeness bihreidishdwlamad gigadh compuahiygdattdikl saduenbevitipadeteinknd]) sdqeience,

indicative of a minimum runlength constraint or a maximum runlength constraint of the channel
signal, generating a control signal when the detected runlength violates said constraint, and

15  substituting an element of the channel signal in response to the control signal.

These and other aspects of the invention will be further described in the figure
description, in which
Figure 1 shows an device for converting a (d,k) sequence into a (d-1,k-1)
20  sequence,
Figure 2 shows an device for converting a (d,k) sequence into a (d+1,k+1)
sequence,
Figure 3 shows the conversion of a RLL sequence of the type (d,k) into a RLL
sequence of the type (d-1,k-1),
25 Figure 4 shows an encoding device provided with a channel encoder for
generating a (d,k) sequence,
Figure 5 shows an encoding devices provided with a channel encoder for
generating a RLL sequence of the type (d,k),
Figure 6 shows an embodiment of the device for reproducing a digital information
30  signal from a record carrier according to the invention,

Figure 7 shows an example of the functioning of the device of Figure 6.

Figure 1 shows an device 1 that converts a (d,k) sequence into a (d-1,k-1)

sequence by deleting a zero from the array of zeroes that occur each time between two



Figure 3 shows the conversion of a RLL sequence of the type (d,k) into a RLL sequence of the type
(d-1,k-1), 25 Figure 4 shows an encoding device provided with a channel encoder for generating a
(d,k) sequence, Figure 5 shows an encoding devices provided with a channel encoder for generating
a RLL sequence of the type (d,k), Figure 6 shows an 8mbodiment of the device for réepMalu2iag a
digital information, 30 signal from a record carrier according to the |nvent|on Figure 73”]1 ws an

example GPIRERIRGINY TRAE PR BT AP ETrRe PRV 4B isnh B VRSE A & dil dihverts a (d k)

seq uencesm@eﬁc@ e veraseasecqydelatinda Zetrem s puakelizedeead alinecuneaed time
between t ’\&j 2004 congc?% ive ones in the (d,k) sequence. However, the invention is not
limited to ?Hli‘ )W HRREE i invention can equally well be applied to a (2,8)-constrained code,

being converted from ar(ﬂcﬁﬂatmsifatmﬂdﬂg@ﬂﬁrﬂméarmim@mmBkeﬂ@ﬁtdlfaﬁ@drﬁpmuﬁms can be

Recordors. K A0 ORI AT N A Pt Lt 1698 [SBRHDReiadboars. A

sequencess:hmlamheﬂﬂmﬁhlg P}ﬁﬁtieeq{zthelﬂaw@&oﬂfaguml $BBWs0the-skgnml759 which has a d
constraint equal to 2, th gs for the reason'%B] &the numbe éler es. between ﬂ]éfbofourth and the fifth

one in the sequence is 2. GBEHCoHvER I’i%@%&ﬁpéﬁ EDRES B K 8BRS D HERIRBHNS from
figure 1 th@hﬂsleha@mbebmmﬁoe@bmmmnsﬁewasermﬁsm themdefuengesdeeacthtinee has been
decrease&mﬁ[tone As sult th naI s2 lsr%gﬂl k-1) constrai ed seque he S|gnal
obtained ViR A E0RC B e ORISR, hA A AN 1o IR B CSAEIBRA s2, be
recorded M@lt@mﬁ@m&ﬁg&m sukdt d= anmipdicsl 1@ocesdaarser chibwntive wesh antheetficienils long time
scale, the tw 51 r% gﬁ S2 Wi of 15 course, tf %ubsta |aIl %Pi 5) %‘ The difference lies in
the fact -G HE TR TSP e SRAISTE MBS IS USSR a cevice 10
that convetiguan@, KJlsesjgeiice, vhaiaddwitk#ik) dsequerntglry adolind) afzetatinthenaicdyafzEToes that
occur each timg. betw%ﬁ:n two 1(:onﬁecutivg . . .
precoding on the signal's,, be recorded on a record carrier, such as an optical record carrier.
When viewed on a sufficiently long time scale, the two signals s; and s, will, of
15  course, be substantially equally long. The difference lies in the fact that the bitrate for the signal s,
is lower than for the signal s;.
Figure 2 shows a device 10 that converts a (d,k) sequence into a (d+1,k+1)
sequence by adding a zero to the array of zeroes that occur each time between two consecutive
ones in the (d,k) sequence. A sequence s; is applied to the input 12 of the device. Figure 2 shows
20  the signal s,, which has a d constraint equal to 1, this for the reason that the number of zeroes
between the fourth and the fifth one in the sequence is 1. Upon conversion, the sequence s; has
been obtained. It follows from figure 2 that the number of zeroes between consecutive ones in the
sequence s; each time has been increased by one. As a result, the signal s; is a (d+1,k+1)
constrained sequence, which has the same bitrate as the signal s; in figure 1, assuming that the
25  signal s; in figure 2 is the same signal as the signal s; in figure 1.
Figure 3 shows a runlength limited signal s3, with a minimum runlength of 3. An
device, alike the device of figure 1, which is capable of changing the runlengths in the signal s;
by subtracting one bitcell (or 1T) from each runlength occurring in the signal s, results in the
signal s4, also shown in figure 3. Conversely, an device, alike the device of figure 2, which is
30  capable of changing the runlengths in the signal s4, by adding one bitcell (or 1T) to each
runlength occurring in the signal s4, results in the signal s;.
Here again, when viewed on a sufficiently long time scale, the two signals s; and
s4 will, of course, be substantially equally long. The difference lies in the fact that the bitrate for

the signal s4 is lower than for the signal ss.



ones in the (d,k) sequence. A sequence s2 is applied to the input 12 of the device. Figure 2 shows 20
the signal s2, which has a d constraint equal to 1, this for the reason that the number of zeroes
between the fourth and the fifth one in the sequence is 1. Upon conversion, the sequence sl has
been obtained. It follows from figure 2 that the numbeé of zeroes between consecutive diag2004he
sequence sl each time has been increased by one. As a result, the signal s1 is a (d+1,k+1)

constrained sequence, WA heOMEALAMBSIPATR 9F HecBrtiis dH F iR e OMRGItTEHe 25
signal s2 indiier lissthsegame signaltas thamsignalcsddnigunen T prigoder hsdiewseaifidallsngtit limited

signal s3, with inimym runlength of 3. An device, alike the device of figure 1, which is capable of
changing & %?garﬂ % ﬁ%@?&’n‘bl‘%ﬁ%‘&?%ﬁ}ﬁ ctingPs Egﬁﬂéﬁﬂ (MR rr Bt L K YRVRERG R
occurring iRettBkSighplade seSTitsdnaiiel sigoadisZ) adabshawehimiig Wit dldsavesahs BAMevice, alike

the device of figure 2, which is 30 capable of changing the runlengths in signal s4, by adding one
bitcel%(or(i efdf&%?eﬁr% %H@Eﬁ%&g%ﬁﬂ Aty %.%ﬁ %‘if,sﬂggﬁiﬂggﬁ%iﬁéigﬁﬁ 48795 Glgain, when
viewed orcansufioieiihhtongtisnerseada, the dvwe igaalgss rdcsdevill, thé COyseola, sulistantially
equally long. The djfference ljes in the fact that the Qitrate for .the signal s4 is | than for the signal
et et e S e i e e
figure | is usedictageties withpuckignndhentedek?eqrmt praspdale arespetifigallsapblicdregoder
22 and a detector 24, A spurce signal is supplied to the input 26, which is converted intq. the (dk)
o oo 05 SR T SOB LT BERL AR LAy AR BHL D LB SEHL I coder
introtlucegheaskier eaigchaniel, enaagdeshthiedqutdsigna betintpeséd &) gegpecstrAftgutcimeatrsion in
the converter unit 1, th &onﬁert%ji sign?p’s enci)deg in the %éprecoder, weell1l Zﬁ%ﬁ/n in the art,
resulting in an output s(ie& SO (ATl IR SRR DABRIId0 FREEHEANE & JERENEEHs its
input signadsiniasthe (belgoaagudnes, ithaebpanschto af Comisdpsidiak supgtiedally dhetdetdetdie24. The
control signal. may, as a ple., | to the output signal qf the IT 10 precoder bein free, or
oy othor T AL BT o ARH B HERCE G ST B B8 i
preferablycanepted togenarate sutiequéd:R)-sequianesvirdsasponsatariiibisource ssigyegldina-tie

numper of anes. ey bi is sysiantally constantin e, earier mentoned SR RAIE2RR.SINgle 20t
bit converted words. One could imagine that the conversion of single 2-bit source words leads to
converted words that include only one 1’ bit, that the conversion of two subsequent 2-bit source
words leads to two subsequent 3-bit converted words including two “1” bits and that the
conversion of three subsequent 2-bit source words leads to three subsequent 3-bit converted
20  words including three ‘1’ bits. As a result, the output signal of the channel encoder 20 includes
1/3 “1” bits per bit.
A possible embodiment of a channel coder that is capable of realising a constant
number of ‘ones’ per bit, is as follows. Let us assume that the d constraint equals 1 and that a
7/12-conversion code is aimed at. 233 channel words of length 12 exist that satisfy the d=1
25  constraint and start with at least one ‘zero’, so that they can be concatenated freely. Of those 233
channel words, 11 channel words comprise only one ‘one’, 45 channel words comprise two
‘ones’, 84 channel words comprise three ‘ones’, 70 channel words comprise four ‘ones’, 21
channel words comprise five ‘ones’ and one channel word comprises six ‘ones’.
The channel coder can now be realised by allocating the 84 channel words
30  comprising three ‘ones’ each to a corresponding one of 84 7-bit source words. Further, choose
45 pairs of channel words comprising two or four ‘ones’. Allocate each pair to one of 45 7-bit
source words. As the sum of 45 and 84 equals 129, which is larger than 128, it is possible to
realise the 7/12-channel code. Encoding is now realised as follows. Encoding of the 84 source

words into the 84 channel words comprising three ‘ones’ is straightforward. As soon as a



converted words, or two subsequent 2-bit source words were converted into two subsequent 3 -bit 15
converted words, or three subsequent 2-bit source words were converted into three subsequent 3- bit
converted words. One could imagine that the conversion of single 2-bit source words leads to
converted words that include only one 'I' bit, that the cbnversion of two subsequent 27bklspQitel words
leads to two subsequent 3 -bit converted words includjng two 'I' bits and that Ehe conversion of three

subsequeMt B G BHARP G dLfe It iR RS dost BRE QU chpanplediSetiiins iy drasharnstmg three 1

bits. As a ¢esipitising Bubrehsigaaliohthahianneldnontaisikinsiddesest /3 chdais. pey dit. A possible
embodiment of a channel coder that is capable of realising a constant number of ‘ones' per. hit, is as

follows. LEPRE AL (AT EOEG ISR IR P AP eI b RURPER T BB R Ear. 233

channel watelsoat igngtincte eixist that satisfy the d=I 25 constraint and start with at least one ‘zero’, so

that they can be concatenated freely. Of those 233 chana | words, I | channel W?Erfjf omprise only
one 'dne’, 45 channel WoRISSeHIBNSEINIBr SR dEuephahigISRe ML S iifs & M) es', 70 channel
words corppiigesionaongtaintl whaneetshords GRmpBisedivelogseshpnd o aadretmgrehaomprises

six 6 ones'. The channe| coder can now be realised by allocating the 84 channel words 30 comprising
toroe oL AT N OB DA S £ Gl APEb b R e T patre of
channel wandsdinmnrisimgrivés, agitna ohesiclAdieodte Z@ch paiplaode, ohdth shdutfissiliyael Words. As
the sum of 45 and 84 equals 129, hi%r\%/is Iarr?%%rt an 128,1it isg%ossibl to realise the 7/12-channel
code. EncUAS T AREHOR ol B OB ESHiy LR e Ao RSRIS A B AL e
word® coropipaingf theeld 'preesdis, sisaightferearcrs Isoan asnactt MiaR200#qaoueganatdediyears that
correspon%soj%;{?air of 2annel words, alternately the channel word comprising two 'ones' and the
channel wof eﬁﬂ%ﬁﬁg our 'ones' is chosen. As a consequence, a channel code conversion is

carried out resulting in & cbarvesigighilsappljedsinthednpuide vidgchiiseebitsted Fguie fddhyows another
embodiment of the erﬁﬁdclﬂglggwce,&n \? ich the conversion asldexplal ed 't%ﬁ rer&?e to figure 3 is

employed?eﬂ‘ﬁg}f fm tive encodfﬁlé: Ukt Ta"*W ?c%an?a%%%es the’ l?rrﬂélﬁ%] /8 °the Wa)(/:0 &8cribed above

with referemeediedihendi; e chanbeldineedt corpipse sigaghimpahedik) abgnaadeTRO(dKk) aT precoder,
morg & pecs:iefi]%%lrll)éeais!-gncoded in the 1T precoder, well known in the art, resulting in the RLL sequence at

its output. The converter 1a subsequently converts the RLL sequence, in the way described

above, into the output signal, which is available at the output 28. The channel encoder encodes its

input signal into the (d,k) sequence in response to a control signal supplied by the detector 24.

The control signal may, as an example, lead to the output signal of the 1T precoder being DC

20  free, or any other requirement to be imposed on the precoder output signal.

The channel coder 20 is preferably adapted to generate such a (d,k) sequence in
response to the source signal, that the number of signal transitions per bit in the RLL sequence at
the output of the precoder 22 is substantially constant. This could be realised by using a channel
coder 20 as described above.

25 Figure 6 shows an embodiment of the device for reproducing a digital information
signal from a record carrier according to the invention. Functioning of this device is explained on
the basis of the example shown in Figure 7. In Figure 7 a (d,k) sequence 40 is indicated. This
sequence 40 is (d,k) constrained with d=2 and k=8. In step 42 this sequence 40 is converted into a
(d-1,k-1)-constrained sequence 43. This conversion can be performed with the encoding device

30  shown in Figure 4. This conversion is further elucidated in Figure 1. After precoding this
sequence in the 1 T-precoder 44 the precoded sequence 45 is stored on a record carrier 30. In
Figure 6 the stored sequence 31 is obtained by reading out the record carrier 30. In block 32 the
sequence 31 in the RLL domain is converted into the sequence 33 in the (d,k) domain. In this

example, this sequence 33 is (d-1,k-1)-constrained.



precoder 22 and a detector 24. The converter | a is now located at another position, namely at the 10
output of the | T precoder, so that the converter | a can convert the RLL sequence generated by the IT
precoder 22. A source signal is supplied to the input 26, which is converted into the (d,k) sequence
s1. The channel encoder 20 can be any channel encd&ler, such as the EFM+ coder intvxuze@itearlier
that channel encodes the input signal into the (d,k) sequence, The (d,k) 15 sequence is encoded in the

IT precoder, well knownfhls RS it S 1A ENREHISEGSHERISR IR HUENUN e TG aYRACE a

subsequentibeomeErisihtitorEeueean M@ oseiled 7abaidedtio tasputioh signakchvhich is
available at the output 28. The F%%anne nco@g enclgdes,its input signal into the (d,k) sequence in
response 18 REUMIOPSYRAT ST NRAWY L HEEEEF 22 he control signal may, as an example, lead

to the output signal of thad Tguieeeniexhairgdife 8Qlficcompraiy ashardiaadsesiaptiedde dnpased on
the precoder outpui signal. The channel coder 20 is preferably adapted to generate such a (d
sequénce%ﬁte%&éé&u"sg‘ﬁfeﬂgéns%{ﬁ%g%ﬂ&l? (RS $RE ’&‘fﬁégr %P&%Pfﬂ%ﬂﬁ%%ﬁgssﬁ%?%ﬁ?{‘ﬂ%e@u
sequencerahléhgloubpilrsihtvaprepadetciaiicd wahiaatiakyeonstantahl 57dou ke tiealiseddaf using a
channel coder 20 as %?ﬁﬁibed abave. 25 Figure 6 s§ ws an embodiment of the device for
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reproducititf 3 GiGitri SHORS AN SR frS G seRs } e BRARE P B S ORRABHO R R  oning of
this devicg s Hxplainpataior thextasisgehthrcs xasmpioshiowndn if et écladrigkegthaxckkistguence
40 is indicated. This sequence 40 is (d,k) constrained with d=2 and k--8. In step 42 thig sequence 40
o Conver B RIS A e AN LGk SRR R S A AUBIORCEA GBLB 6 TR Wi the
encading aewice33@usRabsntintibiguie ¢ théoiequmneersian isspuibeteiicidatettiodogtiis domdter
precoding this gquence in the | T-precoder 44 the precoded sequence 45 is stored on a record

carrier SO.SWPBTI—H ure 6 the stored sequence 3 1 is obtained by reading out the record carrier 30. In
block 3 2 the sequencdn3dadn dheririct sdqimade S coobaited frimthe seqrkace 3 injinddddd)idomain.
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part of Figuraidgshinsibateatdecsitaaficie innalizichedsedgueoctelt Bagnenaed snabtadnedfahidke record
Carrif)é' " constrained sequence 40 in the converting device 39. In the left part of Figure 7, this conversion is
performed in step 46.
In case an incorrect sequence 33 is obtained from the record carrier 30 (indicated
in the right part of Figure 7), in particular in case short runlengths are not detected, the
comparator means 35 generates a control signal 41 and in response to the occurrence of the
20  control signal 41 an element of the sequence 33 is substituted in the substitute means. In Figure 7,
this substitution is performed in step 47. The corrected sequence 38 is converted into the original
(d,k)-constrained sequence 40 in the converting device 39. In the right part of Figure 7, this
conversion is performed in step 46. After substituting an element of the sequence, it is possible
that this element is not inserted into the sequence at exactly the right position, in other words, the
25  substitution can cause a transition-shift. However, with the common Read-Solomon error-

correction measures, like CIRC, known for example from US 4,413,340 (PHQ 80.009), this

transition-shift can be easily overcome.

Whilst the invention has been described with reference to preferred embodiments
30  therefor, it is to be understood that these are not limitative examples. Thus, various modifications
may become apparent to those skilled in the art, without departing from the scope of the
invention, as defined by the claims.
It must be noted that the error-correction process as described in Figure 6 and

Figure 7 is directed to (d,k)-constrained information signals. The device according to the



The device shown in Figure 6 also comprises constraint-detecting means 34 for 5 detecting the
runlength of an element of the sequence 33, comparator means 35 for comparing the runlength
constraint with a predetermined value and substitute means 37 for substituting part of the sequence
33. The constraint detecting means 34 sends the runlength to the comparator means7 35ayl2)4
comparator means 35 generates.a control signal 41 if the detected runlength exceeds the

predeterniNEAHAA JE BragelstRt tHBlESHb EYS MBS RS HAyLNiRs it Bslrsisigharly Mbstitute 10
means 37afplisdbstiipiiang pare-athedsagueice B3 éirbespasseoiophrsapensmed hineaitat signal

41. In case a cqrrect sequence 33 is obtained from the record carrier 30 (indicated jn the left part of
Figure 7), énc.%ﬁ‘r‘ﬁ%étgr dariecsH 45n ?@Bﬂé‘rigafB deeamPGedigHarmatand gRs 3b83%§“iﬂ“e‘
substitute gheastins pritesyncpafiges:saauenea 3 istignusnaednia Meigyiginal (d,k) 15 constrained
sequence 40 in the conyerting device 39. In the left part of Figure 7, this conversjan is performed in
<tep 46. In case an incAERFSAERENERISE (D BRI ORI e FREb PR R SRR in the right
part of Figgseuras.in particular in case short runlengths are not detected, the comparator means 35
generates a control signal 41 and in response to the occurrence of the 20 control signal 41 an element
of the sequence 33 is substituted in the substitute means. In Figure 7, this substitution is performed in
step 47. The corrected sequence 38 is converted into the original (d,k)-constrained sequence 40 in
the converting device 39. In the right part of Figure 7, this conversion is performed in step 46. After
substituting an element of the sequence, it is possible that this element is not inserted into the
sequence at exactly the right position, in other words, the 25 substitution can cause a transition-shift.
However, with the common Read-Solomon error- correction measures, like CIRC, known for example
from US 4,413,340 (PHQ 80.009), this transition-shift can be easily overcome. Whilst the invention
has been described with reference to preferred embodiments 30 therefor, it is to be understood that
these are not limitative examples. Thus, various modifications may become apparent to those skilled
in the art, without departing from the scope of the invention, as defined by the claims. It must be noted
that the error-correction process as described in Figure 6 and Figure 7 is directed to (d,k)-constrained
information signals. The device according to the



57 May 2004 invention however is not limited to this example as it is obvious that the device can also
be applied to signals in the RLL domain (i.e. the error-correction process is performe l?ﬁfo%&lock
32 in Figure 6). The device can also be applied to d?éionverted information signals (i.e. error-
correction process is performed after the converting device 39 in Figure 6). Further, the invention lies
in each and every novel feature or combination of features. CLAIMS: 7 May 2004 1. Device for
reproducirqd‘é‘ Ral information signal from a channel signal, the digital information signal being
runlength limited with one or more constraints, comprising receiving 5 means for receiving the channel

signal (31), means (34,35) for comparin ?F??et?cted runlength _ (34) with a r,edefermined alue (35)
indicative bf a mifH ?BH‘TBW&%‘P&%%EE& SHIQTRANAM RN G P R R oL Eftinnel signal
and for generatinga senilvesigiahwhen theideteatednd vnlbgikodciaias saithpasisl adotiand substitute
means (37) for in response tp the control si deleting or inserting an element in the channel signal,
Wherésint BRICE é%(ﬁ%??é@é]féﬁ%% kmﬁamé%ﬁéié%ﬂ%? BV HH %?Céﬁﬁi\HHli? al of a
type (d-+nR4niitic pdiigitaiminter madio B S)dndicafi v type itkinbin chaleging dbestiuMengihadgitnen
runlength limjted  information signal by n hitcells qf the runlength Iimitefl lnf%ﬁ;n%tionh?i%gal, where n is
2 constarPOISRN 8 TR A SPPL A SEHEALIRAS R HRE AT R Eomprise
reading nsdesgianieaingadide ahanielasid sabdtiant mback 3T sorecesshoastes (@OJodrbeitasl as

claimed in claim 1 or 2, wherein the means (34,35) are adapted fqr comparing a detected runlength
1) with S A e BRI o BB e chanae

signad and:dar geivaraitagsa 3ol @igealnghethihadeigei¢ d fumep gt reikeeeidsosaidiganstraint and
wherein the substitute. means (37 apted to insert an element in the channel sigpal in response
o the contIaT SGHAP X EBRACE B NbE A HAHHS RGPS BHARretipi Tt VARG targer than
the information signal by n bitcells of the runlength limited information signal, where n is a

constant value.

15 2. Device as claimed in claim 1, wherein the receiving means further comprise reading

means for reading the channel signal from a track on a record carrier (30).

3. Device as claimed in claim 1 or 2, wherein the means (34,35) are adapted for comparing a
detected runlength (34) with a predetermined value (35) indicative of a maximum runlength

20  constraint of the channel signal and for generating a control signal when the detected runlength
exceeds said constraint and wherein the substitute means (37) are adapted to insert an element in

the channel signal in response to the control signal.

4. Device as claimed in claim 3, wherein the predetermined value is larger than the

25  maximum runlength in the channel signal.

5. Device as claimed in claim 1, wherein the channel signal comprises control elements that
exceed the predetermined value and that the predetermined value is larger than the length of
control elements present in the channel signal.

30

6. Device as claimed in claim 5, wherein the control elements are synchronisation marks.

7. Device as claimed in claim 1, wherein the element substituted by the substitute means

(37) has a runlength according to the minimum runlength constraint.



25 maximum runlength in the channel signal. 5. Device as claimed in claim 1, wherein the channel
signal comprises control elements that exceed the predetermined value and that the,Pgige%mined
value is larger than the length of control elements pﬁsent in the channel signal. 30 6. &vicée as
claimed in claim 5, wherein the control elements are synchronisation marks. 7. Device as claimed in
claim 1, wherein the element substituted by the substitute means (37) has a runlength according to
the minimum runlength constraint. 11 7 May 2004 8. Device as claimed in claim 1, wherein the digital
informatio® signabésidérieogimbaiadainit alheansicaintial hrnthaisnaaasiiaininfrgh dnldeyice as
claimed in claim 1, Wher,einqg:e digital information signal is runlength limited with a d-constraint of 2
and a k-c%ﬁr%ﬂff%‘?sér.af&. EM&%F?@E)?@HEQ%Z} a digital information signal from a channel signal,
the digital information signal being runlength limited with one or more constraints, the method
comprising 10 the steps of receiying the channel signal.(31), comparing a detected runlength (34) with
predeterntined vAIGUEE) SHIRAHE S iR éafl AR sl 5{&}?%%%1&%@%
constraintyaithedchartieinsighahndenetatingaincony ol signal when the detected runlength violates said
constraint, and substituting an element of the channel signal in response to the control signal, wherein
the method further comprises the step of converting a channel signal of a type 15 (d+n,k+n) into a
digital informatioMstgodfef @pypr k) dycthbingoingdtienr siglendgihs ndienalsigngthhinitgalinformation
signal by Elnpitcells of the {Lénlen%glglrlnitgij info&ma ion signal, where n is a constant value. .

gth limite

ormation signal being with one Or more constraints, the method comprising
10  the steps of receiving the channel signal (31), comparing a detected runlength (34) with
predetermined value (35) indicative of a minimum runlength constraint or a maximum runlength
constraint of the channel signal, generating a control signal when the detected runlength violates
said constraint, and substituting an element of the channel signal in response to the control signal,
wherein the method further comprises the step of converting a channel signal of a type
15  (d+n,k+n) into a digital information signal of a type (d,k) by changing the runlengths in the
runlength limited information signal by n bitcells of the runlength limited information signal,

where n is a constant value.





