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PCT/ | B99/ 008W® 99/59251 Encodi ng of an input information si gnadtCI/IB99/00820
The invention relates to an apparatus for encoding a runlength limted -
(RLL) . i nformation signal of the typey(d,k) into an encoded

i nformati on signal, the apparatus - conpri si ng: - input neans for

recei vi ngm@odiﬁggfaﬁmgﬁlfomﬁﬁon-sigﬁnversi on neans for converting the
runlength limted t information signal into the encoded i nformation

si gnal , - output means for supplying the encoded information signal.
The invention also relates to an apparatus for encoding a signal in the
formof a (d, k) sequence into an encoded i nformation signal, the
apparatus conprising: 10 - input means for receiving an input signal,

- conversion neans for converting the runlength limted infornmation signal
into the encoded I nformati on signal, - output nmeans for

FuPpLying e om0l SRR Bl s ot ety e fR
i nput i nf grfERhhEsh $iged oF theApE(AYifitoud easodbd infuethatib® ¥ignils thetipharstugwn i n
the art. . Reference is nade in this respect to USP 5,477,222 (PHN
14. 448). comprising: _
- input means for receiving an input signal,
5 - conversion means for 'converting the runlength limited t information signal into the encoded
information signal,
- output means for supplying the encoded information signal.
The invention also relates to an apparatus for encoding a signal in the form of a
(d,k) sequence into an encoded information signal, the apparatus comprising:
10 - input means for receiving an input signal,
- conversion means for converting the runlength limited information signal into the encoded
information signal,
- output means for supplying the encoded information signal.
The invention further relates to corresponding encoding methods for encoding
15 the input information signal. An apparatus as defined above is well known in the art.

Reference is made in this respect to USP 5,477,222 (PHN 14.448).

The apparatus described in the above identified publication is capable of
20  generating a (d,k) sequence (which is also called an NRZI encoded signal), which upon
precoding in a 1T precoder results in a runlength limited information signal éf the type (d,k)
" (which is also called an NRZ encoded signal). The (d,k) sequence comprises at least d and at
most k zeroes between subsequent ones that occur after each other in the (d,k) sequence. The
runlength limited information signal obtained from the above (d,k) sequence comprises
25 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 apparatus described in the above identified publication is capable of
20 gener at k) sequence (which is also called an NRZ d .
signal ), whi I(‘:ﬂgaﬁf)%g, precoding in a I T precoder results :Pﬁﬁaﬁ?%ﬂﬁfz@ngth
limted i nformati on signal of the type (dk) (which is also called an
NRZ encoded signal). The (dk) sequence conPrises at |least d and at

nmost k zeroes between subseguent ones that occur after _each other in the
(d, k) sequence. The Themvel?tmaemg@wrpwﬁmgeaaumm adingsapparatusobt ai ned

from the ‘afapiabce kil SRHGRAGRAERpARESs AT ol MEhE B Bh LOSEN BHERICT

consecutive zeroes or an array O Ive O

and k+1 at Jimited foimdtioh\sixmal @ftths 8pe€ak) hitganéncodsdinformatibnsighd, hebpparRhd on
si gnal . - PCT/ | B99/ 00820
2 Comprising: The invention ains at providing an inproved encodi ng

appar atgus. e invention, the apparatus for
encodi aplp Easnsftgf'%g%lco %ﬁéﬂﬁ‘ftgéh éngt h limted i nformation

si gnal of i@vémhm raehuis ffor oohverting drequnlietigth hintiteda information signal hﬁ@ﬂﬁféﬁ@d&a us
conpri si ng; -.input neans for receiving an input signal,
conver si on‘nm(’?éﬁgné]anvertl ng the runlength limted t information signal

into the el ?%gql‘.‘ out put nmeans for

suppl yi ng the encoageéorlgrlllpé)] tl%%fbglﬁ%cﬂﬁ?&manonsxgnmﬂerei n the conversion
means i s awbgreindh¢ comversimr medrisds adap_tedrtgk:m‘}enrme apkleugﬂnhmaéd mfomiagﬁﬁhlgﬁil of0
(don, 180y "Gt e suh B miensts Bpyied AR SIonSiGALet ey PENGHLH) 2 fhs cncoded
runlength ' | S
ot o U Shafih ISP HnEIg e el e ke B 18 Roifel iformarion s .
Furt her, ibitcellcof thamudength himithd iriformationsignal, Memmdamnstaﬂmlmncodi ng a
signal in f orm of seguence in ncoded .i.nfor

i onal . odpiet 3t ascPstatcs wit St yeiod” S /aPP Hatap K eooing f plgnaldp &fatg?mo d

- conver swgm g&ﬁ@ﬁcéiﬂ{o &083¢6d44d Hifbrindfiok g;P{,Qngjngbr{ skgi ted information signal

into the encoded i nformation 5|3,na
15 - input means for receiving an input sign

~ conversion means for converting the runlength limited information signal into the encoded
information signal,
- output means for supplying the encoded information signal,
wherein the conversion means is adapted to convert the (d,k) sequence into a (d+n,k+n)
20  sequence as the encoded information signal, by changing the number of zeroes between each
time two subsequent ones in the (d,k) sequence by n, where n is a constant value.
_ The invention is based on the following recognition. Recently, a channel code
- called EFM+ was proposed for DVD optical disks. The EFM+ channel code is described in
USP 5,696,505 (PHN 14746) and has a d constraint equa!l to 2. That means that the minimum
25 runlength in the EFM+ modulated signal recorded on the disk equals 3. For recordable media,
based on phase change, the edges of the pits on the record carrier are less well defined. When
high bit densities are required on the disk, a channel code with a lower d constraint, such as
d=1, is preferred. So, when going out from the same source materia), different channel
encoders would be required in order to obtain the channel encoded information signal needed
30  for recording on the DVD disk and the recordable disk. The present invention overcomes this,
by proposing a converter apparatus that converts the EFM+ encoded channel signal with a ¢
constraint equal to 2, into another channel encoded signal that has a d constraint equal to 1.

The conversion can be carried out in the NRZ] domain or in the NRZ domain.



- out put means for supplying the encoded information signal, wherein
t he conversi oWWoB%sa251 s adapted to con{vert the (d, k) sequence iPrCTABS9/00520
(d+n, k+n) 20 sequence as the encoded information signal, by changing the
nunber of zeroes between each time twogsubsequent ones in the (d,Kk)
sequence by n, where n is a constant val-ue. The

i nvention is based on Aﬁrerésﬁlt,la:rwuﬁgngmw&mbésmabbﬁmdmcea rRftiAgn £0de
cal |l ed EFM+ was proposed for_ DVD.optical di sks. The EFM+ channel code is
descri bed i wonverted abapne] egomsied signgprhich #7218y Dgfreenascwas the enginal channel ggended
to 2. That Eg@gf that the mininum 25 runl ength in the EFMt nodul at ed
signal reco on the disk equals 3. For recordabl e nedi a, based on
phase change; the edg %&'ﬂ cHahifiel Bet stling) théwnlenghs darche enlagedby adding ondbitcell,
defined. ‘Wen bit densjtjes are required.on the disk, a channel
code wit#h arﬁﬁmg@%@ﬁb?&@ﬂﬁ?onm&ww*mw“}a@iﬂg“q-s preferred So, when

goi ng out fromthe sa HBS!E%

woul d be required in g?gfoﬁlﬁﬁgn%?% t]:atir%ﬁtre encode af"‘%%*r’%‘% jﬂ%%gnal
needed 30 fcohstamcThas, memgthmum éhaagedal@da leagthrmequal abthe 1d1gﬂkoféﬁmeger
present invention gverconmes this, by proposing a converter apparatus
that conver symbeeofRitgellEncoded channel signal wth a d constrai nt

equal to 2, into anot : ! : Eﬁ.ﬁ]‘,ﬁ’ § nt

equal to 1. The r(:Igﬁ'lver sl on can éej&@g{rsﬂrhrgggi’%é&?a# ﬁebt é’éﬁ%ﬁi ona?ir)rpor in

t he NRZ10ongenerating optimal and neBGT 6ptBASY/ rGni8AEth-limited, charge constrained binary

3 a,resul.t, al | engt hs .wi | | shart one

bi t cel | regmwﬁe’trynf’ & Befiaer e&'éiﬁvé’r%i&éﬁﬁnhggnwﬁewar amaton Hhear 1907,

also DC fre ﬁoﬂk&hﬂéé thé E@?ﬁ!gé of THe® uence i bfidflo avoid a violation
eco | ng, e t

Upon channel runl eng n be en ed by addi ng one
bitcell, 5ofésud o:rrk]gonsn'amts eplica of. the origi naI EFM+ nodul at ed si gnal .
It should be noted in this respect that there is no need for n being an

I nt eger constant. Thus, runlengths could be changed by.a.length
unequal}go the length of an integer nunber of bitcells.

It should further be noted that the publication 'A universal algorithmfor
These and other aspects of the invention will be further described in the figure

description, in which __
figure 1 showsan appai-atus for converting a (d,k) sequence into a {d-1,k-1)
sequence,
20 figure 2 shows an apparatus for converting a (d,k) sequence into a (d+1,k-+1)
sequence, .
figure 3 shows the con'version of a RLL sequence of the type (d,k) into a RLL
sequence of the type (d-1,k-1),
figure 4 shows an embodiment of encoding apparatus further provided with a
25  channel encoder for generating the (d,k) sequence, and
figure 5 shows an embodiment of the encoding apparatus further provided with
a channel encoder for generating a RLL sequence of the type (d,k).

30 Figure 1 shows an apparatus | 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
consecutive ones in the (d,k) sequence. A sequence s; is applied to the input 2 of the
apparatus. Figure 1 shows the signal s;, which has a d constraint equal to 2, this for the reason

that the number of zeroes between the fourth and the fifth one in the sequence is 2. Upon



10 'generating optimal and nearly optimal runlength-limted, charge
constrai ned Qigwyss2s: sequences' by P.E. Bender et al in Pricn. h%zol nt.
Synposi um on I nformation Theory 1993, Santa Antonia, US gescrl

the stuffing of ones in a sequence in order to avoid a violation of”
the d or k constraints. These and ot her aspects of

the invention will Jbe further C dlnt ur descri ti
which o bstivettiin, tREsdatbAds) aFRED oY f‘liop %1 Biguresh a8 bl ot
(d, k) sequesisss betiweerdcdrBedutivéones i int the @Wea&(hme has been decreased by fnheg W@ 2

shows an apparatus for converting sequence into a (d+l,
sequence, Tesult, the signal s;is a (d-1 k-l‘)l CQWIMGWGG rﬂle@mabsmhsmgi the

i gure-a shneeh SERRUR T sonlt, BnBing serrcd EPAT 18 Seing %?EW% Hith'a

25  channgdeoRRRAAG reborid cARTER] stich B9ar Btidalirdedrdcastie, rH‘geaDVE' disk.
figure 5 shows an enbodi ment of the encodi ng apparatus further provided

with- a channel Vhragdeved on a jmesealei the two mal%ecmérszmlbfofmgsmwe

d, k). t

Ed kg seq ué‘ﬁ’&”‘f’ﬁ]{%"’%"aéléf l?ng( Tbe'd?f%r@nc]eslgegg%%g e PE{EBD%H zéelé’sﬁ‘? Ebﬁn: t ﬁea
array of ZzRywegthdnfot theGigiial §ach tinme bet ween tvvo consecutive ones in

the (dk) sequence. A sequence s[err] sequ? lied to the input 2 o
apparatus. Figure 1 E1g¥gZ# %wrmﬁ tﬁatcmvmar{éét)aeqreemwaﬁdﬁﬂ X&ddial

to 2, fdi Ss{qﬁ&#liﬁ{]dﬂﬁ%gﬁzero thetagjggence ?&S‘tﬂgﬁf ﬁfeﬁéﬁﬁﬂﬁsoeg%m chi¥Rcutive

f our t h and
ones in the (d,k) sequence. A sequence s; is applied to the input 12 of the apparatus, Figure 2

shows 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 séquence is 1. Upon conversion, the
sequence s; has been obtained. 1t follows from figure 2 that the number of zerces between

15  consecutive ones in the sequence s; each time has been increased by one. As a result, the
signal sy is a (d+1,k+1) constrained sequence, which has the same bitrate as the signal s, in
figure 1, assuming that the signal s; in figure 2 is the same signal as the signal s; in figure 1.

Figure 3 shows a runlength limited signal s;, with a minimum mnlmgtil of 3.
An apparatus, alike the apparatus of figure 1, which is capable of changing the runlengths in

20 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 apparatus, alike the apparatus of
figure 2, which is capable of changing the runlengths in the signal s4, by adding one bitcell (or
1T) to each runlength occurring in the signal s,, results in the signal s;,

Here again, when viewed on a time scale, the two signals s3 and 54 will, of

25  course, be substantially equally long. The difference lies in the fact that the bitrate for the
signal §4 is lower than for the signal s;.

Figure 4 shows an embodiment of the encoding apparatus, where the
conversion unit 1 of figure 1 is used, together with a channel encoder 20, an aT precoder, more
specifically a 1T precoder 22 and a detector 24. A source signal is supplied to the input 26,

30 which is converted into the (d,k) sequence s;. The channel encoder 20 can be any channel
encoder, such as the EFM+ coder introduced earlier that channel encodes the input sighal into
the (d,k) sequence. After conversion in the converter unit 1, the converted signal is encoded in
the 1T precoder, well known in the art, resulting in an output signal which is available at the

output 28, The channel encoder encodes its input signal into the (d,k) sequence in response to
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conver si on, Y%&”¥28lence s[err] has been obtained. It foll owsPETARINOPEAG ¢ 1
t hat the' nunber of zeroes between consecutive ones in the sequence
s2 each tine has been decreased by one. Assa result, the signal s2
Is a (d-1k-1) constrained sequence. The signal s2, obtained wth the

appar at usa eéntfol @tghel supplied By thef dedéctdiDd, The Caiitfd] Gfgrﬁlma?, ds knRk SRR Rdd B5thehe

signal sf[err], 5 recorded on _a record carrier, such as an optical
record c awtpetrmgnag of ﬂxq:l\tpmed@r being DC free, or any other requiremsnt toi bevioypossd on the e
scal e, and s2 wll, of course, be substantial ly
equally I é)g@efﬁg&’ i'%Bglence lies in the fact that the bitrate for the
signal s2is The ekinnehéudef 20 lstﬂiefeﬁdtﬂf'ﬁdapﬁd& erate such a (d,k) sequence in

Figure 2 shows an apparatus 10 that converts a (d sequence into a

(d+1, K5+1) Tesponse de thecsourcerpignal dhat ghenumabes of fones! @eabnmmealbwmnat Imtheur

each tinme e

Soquence. SlipERERidnE (SG'S 87700Y Sinele 2-bi(URke hrhd feleiohv R B Gnete's-bit
shows t hecgriveftad w@:?ds, whmmsdb@eqnﬁndz-tbﬁrsshfoa iwdrdsaere! cohvered mw tvof subsegliént 3-
reason that the nunber of zeroes between the fourth and the fifth one

in the sebitepryerted words,op thregsubsedienh2-bitfource words weresoarertqddnto thrsgs been
obt ai ned.

conscout Tsehtnt P oo OBed Whiok. Gpd Htha iRl HRE e SonfBHORDL RELEEH |
one. ¥s asdw&mbl;dsﬂdmas to conveﬁtegmlrdﬁbwm]:luds oﬁly(ouitl'l loit| )haCthe&bﬁ%rﬂGﬁl of two
sequence, which has . the sane _bjtrate as fhe SI

s[err
1, assuni Fpsequent 2458 se}lwavoréelqa# Wyersebmpem %rmsrte%l w&is laslufiws t\ypghau
s2 in fi r r
o gnal | sl that the conversion, of three qubscauh Rt s&% R els 0 ehnEs tlaEh
appar at usB-tbit dongerta vikordmimctﬁdmg ﬂneq:)'abbxcs ANs aahaﬂt; thegpmjnn signal eftht bhaninel 20

t he signal by subtractki, one pjtcell (or IT) fromeach runlength
occurri ngef}cﬁéfrh%) Sﬁf}%m’m?e" Results in the signal s4, also shown in

figure 3. Conversel RN, |, i gure 2,
whi chﬁi s capabl e of c%aﬁbl ng toﬁﬁeﬁi??}n gﬁgméﬁ%&?ﬁ?igéﬁg?gsde By gé‘di ng one
bitcell (mnstant numbéi)oft'mm%pehbm,umhsafa@bh*sobcimsrasme that the dsiopstrdint®gpals danft s
in the SI

boal oF ¢ 188212 cqmuprsion sodsis aimedpt 233 HhanelWerds or [t 12 GG Indtafsty 1F

equal | y I amgconwemdhﬁd @tﬁﬁ R at11&St bk &&e' fsaeﬁat Hegtcah Be cbhéa'iéiﬁ&dff?éel)l 0
signal S4 is | ower for the signal s3. ure 4

shows an @mmmdfwwrﬁa ldmhgumei qu;éspmw onjihene'ongi 45 channelc\u rsion
UP' t Ome &1) ('mse:su %‘3 chann QUG c?s covnv1'ptnr§e ?hrgeh %%Qse | 767 5]1%89@1 ozrgs c@rﬂpr?s-le four

pfecdder,

‘ones’, 21 channel words comprise five ‘ones’ and one channel! word comprises six ‘ones’.
The channel coder can now be realized by allocating the 84 channel words
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
25  source words. As the sum of 45 and 84 equals 129, which is larger than 128, it is possible to
realize the 7/12 channel code. Encoding is now realized as follows. Encoding of the 84 source
words into the 84 channe] words comprising three ‘ones’ is straightforward. As soon as a
source word appears that corresponds to a pair of channel words, alternately the channel word
comprising two ‘ones’ and the channel word comprising four ‘ones’ is chosen. As a
30 consequence, a channel code conversion is carried out resulting in a channel signal comprising
one ‘one’per three bits.
Figure 5 shows another embodiment of the encoding apparatus, in which the
conversion as explained with reference to figure 3 is employed. Apart from the encoding unit

1a, which changes the runlengths in the way described above with reference to figure 3, the



specifically a IT precoder 22 and a detector 24. A source signal is
supplied to the +input 26, 30 which is converted into the (d, k) sequence

s[err]. The \wBabasls;encoder 20 can be any channel encod @E’E S
t he EFM+ coder ?ntroduced earlier that channel encodes the inptER B ? B
into the (d, k) sequence. After convétsion in the converter unit 1,°

the convertged,.signhal i s encoded in t | T precoder, well kn t he
ot Cr oetpoimeft ComprTes REAE) § g FRendbest, o A pERd, mofspectioalipn By - -
28. The chrapoud 22AF@4UetMF2ACThe bdnveABULa B n8Raber AR & | "
responseC?g 229684%et a:IEFDCT/‘IHIIBQQ/ 00820ai§ © éuaﬂcagﬁ??%ﬁﬁst}ogha &
suppl i ed the outpart dEthecd{Topregader, Hodhatdhe canivesenjleatanrcopyertithe Rllesequarice, | ead to
t he outgcg%y i | of t?ﬁ | T precoder being DC free, or any other

requi r eneBfeFdS BRECRAFT 2 precoder output signal .

The channel coder 2@ dofirde/sifral RltbplRdas tiedinbet 25 WAIGH IS coveRedints!thk (§RFIUENCE

I n 5 response to the source signal, that the nunber of 'ones' per’bit

i s subst asagnendeys;.CBresthannel enepdend0 can be anyechanhelrenpeder, suckeas thsEFY1codep 22,
single 2-bit .source. wards, were converted | nto Si e, 3:-0it verted
wor ds, or u?élf@'ﬂ‘tfﬁ% CEEIBPF ex§c8g c'ég\’iﬁ’?’&g’% 0%%@%3&“%?‘%\(@&
subsequendeqience is encodbd in thenTairécder)WellknoWn inheat, Teduiaiplia The REDséquemey ce
words were converted into three - subsequent. 3-bit converted words.

One coul cRtits@yinne Thegonvererdgsubseguentlygonyentsthe RLIsequenpg, indhe way desoribed

| eadgat O : t a2l . ' btam. I version
of "t © BBV hcile BREAPSIERA whithsy &VeidBie BdSougtur 98 The bl BcrdRrUuEhs
conver t edtsiapatssigral intd tteg(dfk)sequknce in responbeé tosa edittrol Sighalstisplied by Shedetsttar

t hree subsequent 2-bit source words {ﬁeflds to three subsequent 3- bi

-bit
conver t ec?4naNa SORFR]|SignahBiay AscaB exampis, lead tothepuiput signal ofithe bliprsgedes beinal  of

t he chan Q,q,gg | b@ﬁn} = b RiCL Sy betes 5

A possi b{lgtgr%b%ﬁar?gﬁdtmof m%%‘aér?ﬁg co g}é@ﬂg?ae%&%&%ﬁﬁt@htg* reéalizing a
constant nunber of Thendmhpeicobert20 is prederablyl ddepted td génerste sch ar(d,k) begueridedn d
constraint equal s

c

1 and . that a,7/12 .conversi.on code.is ai.ned at. 233
handal ABTRIESCI0 th seRiRe signd het t puiber,of igRpl fpsitions per biginythe R1d. seapssice and
start wi tad gl oun AR R recdRE 92 is fstafifdily ¥ afA ThRGoBRINeALARRE 8¢ ubihgs! V- O

channel coder 20 as described above.

‘Whilst the invention has been described with reference to preferred
embodiments therefor, it is to be understood that these are not limitative examples. Thus,
20  various modification may become apparent to those skilled in the art, without departing from A
the scope of the invention, as defined by the claims,
It is expressly stated here that, although the word "encoding" is mostly used in
_transrrﬁtters/recording apparatuses, and the word "decoding" is mostly used in
receivers/reproducing apparatuses to indicate that an encoding inverse to the encoding in the
25 transmitter/recording apparatuses is carried out, there is no essential difference between those
words. So, also receivers/reproducing apparatuses can be considered to be provided with
enocoding apparatuses. Such encoding apparatuses encode the received/reproduced signal in a
way inverse to the encoding during transmission/encoding.
An example: suppose that a transmitter/recording apparatus is provided with an
30 encoding apparatus that changes the runlengths (number of zeroes) by +n bit cells (by +n),
then the corresponding encoding apparatus in the receiver/reproducing apparatus changes the
runlengths (number of zeroes) by ~n bit cells (by —n).
Further, the invention lies in each and every novel feature or combination of

features.



t hose 233 channel words, 11 channel words conprise only one 'one', 45
channel words 20 conprise two 'ones', 84 channel words conprise three
‘ones', 70 okamsgrsg2snords conprise four ‘ones', 21 chanpghrnbsdidso -
conprise five 'ones' and one channel word conprises six 'ones'.

The channel coder can now be realized by alfl ocating the 84 channel words
conprising _three 'ones'each to a correspondi ng one of 84 7-bit source

wor ds. FulfdMS:choose 45 pairs of channel words conprising two or
four '"ones'. Allocate each pai o one of 45 7-bit 25 source words. As

r
t he sum of 45 and 84 equal s 122 i ﬂﬂ&"’& r than 128, it is possible
to realize the 7/12 chan ) ﬁg is now realized as

foll ows. Encodi ng of the 84 source " wdrds i-nto the 84 channel words
conprising three 'ones' is straightforward. As soon as a source word
appears that corresponds to a pair of channel words, alternately the

channel wgrd EABBIihS aPShrktt® fordnesding ?ﬁg{lﬁl ﬁﬁ&p'inmﬁca i§pOaRL 5

four 'ones' is chosen. Asga.SO g%ns_equxg%cg?ﬁla C gnne co e&%:cg’ng\%{al?%ﬁgi S

carri ed otypedd&dinto ag ehepded dnfermatiorssigmal) the apparatas camprising: one ' one' per

three bits; . . l.gune 5 shows anot her enbodi nent of the

encodi ng éngﬁeﬁ?fofﬁ%%aqm“&’gmlf conversion as explained with

r ef er ence- ésnviersiorl Bedns for eofileptitthe NasEAgth liﬁﬁieﬁh%ﬂﬁﬁiﬁn%’f‘hﬁ the encoé]e{ia’
reference

whi ch changes the runlengths in the way descri bed above w o]
figure 3,nfermation signal, PCT/ | B99/ 00820

6 e | ﬁéﬂ%i ' . el. encoder 20, an aT precoder,
nor e speciwgﬁgﬁgiﬁ 1ﬁ§§th6?eg§% grlﬁ?%%gﬁgnégﬁg’t ector 24. The converter
| _a i s nowhéreithe domversion feans jsaapted to carveR|the finlength LimitédMohHaRbh sighalld?e
| T precoder, so that the converter |a can convert the RLL sequence

gener at edBpYRe{d.X) intgaqupleagthiimited mformation signal of the typp (ok-n) as therenkodest
g . e . Ak )
atere) o dpforiafioh SRt BY bl e TullBRUEL kifle bchebl Broifls Srommation Tt Sy,

coded0  bitcelinbf thetwumlength limitad ihfoamatiom sigril, where #ds acbastintvdfuesi gnal i nt o

the (d, k) sequence. The (dk) sequence is encoded in the I T precoder,
well known in the art, resulting in the RLL sequence :
2. Encoding apparatus as claimed in claim 1, wherein the apparatus further

comprises channel encoding means for channel encoding said input signal into said runlength
_ limited information signal, the channel encoding means being adapted to generate said
15 runlength limited information signal in response to said input signal, such that the number of
transitions per bit in the runlength limited information signal is substantially constant,

3. _. Encoding apparatus as claimed in claim 1, wherein n is an integer constant,
"which '}:vreferably equals +1.

20
4, Encoding apparatus as claimed in claim 1, wherein n is an integer constant,

which preferably equals -1,

5. Encoding method for encoding a runlength limited information signal of the
25  type (d,k) into an encoded information signal, the method comprising the steps of:

- receiving an input signal,

- converting the runlength limited t information signal into the encoded information signal,

- supplying the encoded information signal,



at its’output. The coweH—eT——I”a"sﬁIBs'e_E]—Jently converts the RLL sequence, in
the way described 10 a oy tput signal, which is avail abl e*at

t he out put %wyggslchanEH' ‘“Hmﬁ‘mum es its input sipghiabed/desn t-he

(dk) sequence I n respon a cont sol *si gnal supplied by the detector

24. The control signal may, as an exanple,8lead to the output signal of the

| T precoder being . DC free, or, any other requirenent to be inposed on
the precolBered 5 con¥srsinn step is adapted to convert ““n?%@ @Hﬁ?ﬁ]@f"mﬁ sigpal;of

pref er abl qﬂ?"o@ ihfd HSfhethis tika sisRA T ' tQsthe
source siglﬁa ) txht he nungglr 0 sflg)rllgﬁ trggggtionsj.%égﬂdlgﬁ%ﬁpﬁggﬁ_@d
sequence informatiah signal, bytchanging the menlengthoibethe ARléngtislimitedinforaatipn sighsltby .
This could be realized by .usi . .channgl caqder 20 as descri bed
Above. " bitcells of he'rinfength pgdnformption EBAe Mirre BASs hortanbzalee: bed wi t h
refergnce to preferred enbodi nents therefor, it is to be understood
that these are not limtative exanples. Thus, 20 various nodification my

become apfarent to Ehesslingsdppatagy fonendedingra signal inhthe foroeefaa (dildgequence into an

the scope of .the.invention,, as defined by the clains.

It is exp‘?”&&@?‘{}“@{"&{"@&“ﬁ@@» ﬁ?%ﬁ?ﬁ&%ﬁ”ﬂ‘ﬁe word "encoding" is nostly

used in -input,ﬁg@,@q&k&gbﬁ{g@gw@g@a@ppar atuses, and the word "decodi ng"”
is nmostly used in recei vers/ reproduci ng apparatuses to indicate that

an encodi-regnversionaueang ferrponyerting theydik) sequenpgintq the gneaded informatinngsigng!,
apparatuses,i s _carri t i . t | di fference between those
wordg.6 Sd,?ug"f'ég’?a@%g&%&‘?@}@@ﬁﬁ%%@ﬁ%@@@@?ﬁ& S’can be considered to be
provi ded widréin the cor¥efiditinegnsd9 SddpBid o @Bnvertthe (ERYsduéite HRBA (@HHESS encode

t he received/reproduced signal in a way inverse to the encoding during

transmi sSeaHenes avthefgcoded information signal, by changing themymeber of peroesbetwean each

transmt C ' d [ ' "\ | ng appar at us
that - chadgieEF PP BRRIA HeTax] sSlspue S, Y T e PonsuaiE 1R D, 1S
then the correspondi ng encodi ng apparatus in the receiver/reproducing

appar atus changes the runl engths (nunber of zeroes) by -n_bit cells
(by 1%). 7. Encoding appargtys %@P{m%ﬁérgﬁ)%‘wﬁﬁmlﬂ‘%%maﬁ%ﬁﬁmﬂnd every

g‘é‘_ll_'/e: BfQS ?ﬁi&gﬁgychm leR@dif ' m@ins for chdnfef ecbding said input signal into said (dk)

sequence, the channel encoding means being adapted to generate said (d,k) sequence, such that

the number of ones per bit in the (d,k) sequence is substantially constant.

20 8. Encoding apparatus as claimed in claim 6, wherein n is an integer constant,
which preferably equals +1.
o. ; Encoding apparatus as claimed in claim 6, wherein n is an integer constant,

which preferably equals -1.
25
10. Encoding method for encoding a signal in the form of a (d,k) sequence into an
encoded information signal, the method comprising the steps of:
- receiving an input signal,
- converting the (d,k) sequence into the encoded information signal,
30 - supplying the encoded information signal,
wherein the conversion step is adapted to convert the (d,k) sequence into a (d+n,k+n) sequence
as the encoded information signal, by changing the number of zeroes between each time two

subsequent ones in the (d,k) sequence by n, where n is a constant value,



7 . ° CLA M 1. Encodi ng apparatus for encoding
a runl engt 'MQ 33928 i nf or mati on si gnal of the type (dkBCT/AR99/00820
encoded i nformation signal, the apparatus conprising: - i nput neans
for receiving an input signal, - conversion neans for converting the
runlength limted t information signal- into the encoded 5 information
si gnal , - out put neans for sup { ng the encoded information signal,
wherein the conversi-on nmeans i s adapte o convert the runlength limted

i nformation signal of the type (d,k) into a runlength imted
information signal of the type (d+nk+n) as the encoded i nformation
signal, by changing the runlengths in the runlength imted information
signal by n 10 bitcells%df the runl ength Iiniggd i nformation signal
where n is a constant val ue} e Encodi ng apparatus as

claimed in claimi1, (whky neda)pamal ds,kut) (d-1,kofipri ses channe
encodi ng neans for channgl entndLng_sng_LnnuL signal into said runlength
limted information signal, the channegl encodi ng ans being adapted to
generate said 15 runlen@th limited i fformation sidnal in response to said

i nput signal, such that the nunber of transitions per bit in the
runl ength Ilnlted information signal is substantially constant. 3.
Encodi ng apparatus as claimed in claim1, wherein n is an i8teger constant,
which preferably equals +1. 20 4. Encodlnglgpparatus as
clainmed in_claim1, %perel n |s an i nteger constant
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whi ch preferably equals -1. 5. Encodi ng nethod faqr
encoding awgnbesgih limted information signal of the 25 poymofosEy 1 nto
an encoded information signal, the method conprising the steps of: -
receiving an input signal, - converting the runlength imted t
information signal into the encoded information signal, - suppl ying

t he encoded information signal, PCT/ 1 B99/ 00820

8 wherein the conversion step 2ﬁ2adapt ed to convert the runlength
limted i nformati on signal of e type (dk) into a runlength limted
information signal of the type (d+nk+n) as the encoded i nformation

signal, by channgg t he rgl-pl engt hs |ﬂthe r ength limted information
signal by n phg-tcells nf..ﬁ.h.e_r_un.l_e.ngﬂl.m' ited information signal,

where n isqa constant val ue. 5 6. Encodi ng appar at us
for encodi%%g a signal in the formof a (d,k) sequence into an

encoded i\rx‘ﬁ st ghal ,t tih ongr | =Aput neans
for recei glan in 111t FE om mean[s if qr lcqn ting the

(dk) sequence into the encoded information signal, 10 - output means for
suppl yi ng Sbe encoded i nformation signal, V\,her ein the conversion

nmeans is a ted to cgn'\/e t the (d, k equence into a (d+nk+n)
sequence agJthe e cbdbd rmati on S by chan |n t he nunber of
zeroes betWeed éac |rfe't\,'vo'su sequ'th Tohe$ (dk) sequence by

n, where n |wﬂuﬂu§___1§‘_k Egcodi ng apparatus as

clainmed in cl a“:n 6 vm%l:‘.el n the ﬂopar atzl.lts furt hed'T
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conpri ses channel encoding neans for channel encoding said i pgiENsi gnal
into sai'd (dk) sequence, the channel encodi ng neans ="gf§“;;’/ ed to
gener at e sai PO SequencvORLIEHTALACIAL uma?g%RWORMWUQmer of oN {'w bit i
the (d, k) sequence is substantial |y COREt AN 20 . Encodi ng
appat oiNEERAA HORARATPLICATION musn%&mm PATENEGIPERATION FREATY (PCT)
whi |am) ﬂlieafaﬁ{n&h’laﬁmw&iod‘ﬁz 11) International Publichtof i appar wasgﬁggzsl
cl gi maﬁo? 8’“ m 6, wherein nis ar]u eger constant,

préfera y equals -1. 25 10. (a)mwmaﬁmndbu@mmwoohsbwmm%ms@
Si rrm—the—fornrof—a{dk)—seguence Tnto—an encoded—nforratton

Si gnabm:&ﬂaaompbmdﬁoﬁms& :Si NQ HODEBIK/0BS (815 Designated States: CH.UP,KR] STJE:Rpeah ARAYAT, BE,
si dnal - converting thehﬁég k&f quenc@ilcﬁtléﬁ,PﬁeESeﬂchéﬂ.GmmmaU.lm
Si gﬁ%ﬁ?““?@m“"mg'ﬁﬁb‘le'yl ng t KA AEBEESPf or el Bh St gnal wherein the
cornjversion step is adapted to convert tjhe (dk) sequence into a (d+n, k+n)
seqummpsority Data: aS t he encoded i nf or mat i greuntisigdal , by changi ng the nunber of
zerloes b¥RABISA each 18 MpeldB(3.0598) sulEPg quentwléﬂesﬂerﬂMew(ﬂdrek)ta%q@emuw
n, lwhere n is a constant val ue. upon receipt of that report
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(57) Abstract
The invention proposes an apparatus for encoding an information signal. The information signal can be a (d.k) sequence. The
apparafus encedes the (d,k) sequence into a (d+n,k+n) sequence by changing the number of zeroes between each time two subsequent ones

in the sequence by n. The information signal can also be an RLL sequence of the type (d,k), The apparatus encodes the signal into an RLL
sequence of the type (d+n,k+n) by changing the tun lengths by n bitcells each.




