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PCT/ 1 B97/ 00673 Transm ssi on, recording and reproduction of a digital
informati on signal. The invention relates to an apparatus for transmtting
a dicgital information signal via a transm ssion nedium to an apparatus for
recording the digital information signal in a track on a record carrier, to
a converter apy@PeEs for converting an (n-1)-bit informti orCaaBeeosTB0 an
n-bit converted word, to a channel encodet for channel encoding 5

(n-1)-bit information words into n-bit channel words, the channel encoder
conpri si ng Thamsmissior reerdiag pad sprsinctioncof taaligital édermadon signahppar at us f or
reconverting an n-bit converted information word into an (n-1)-bit
reconverted information word. Further, the invention relates to a nethod
for transmtting. An apparatus as defined in the opening paragraph, for
recording a digital 10 information signal on a record carrier, is known
from USP 5,142,421, docunent Dl in the list of related docunents that can
be found at the end of the specification. A further docunent related to the

subj éct of recording_of, runlength limted se@uences on ?gq%gt ifc record
carriers i s docunent*BYGHUPHEF4IGSIP a8 APpAALS tOF) tTARNTIHDG @ Ligtpsntormation

The fol | oW gignatliviaCa \@anisMibsioh mediien, e bl appardiug RF edcoftiiny he digREIGhfdFRgion Rignal
repr oduci ng,n?) aratuses. It should be noted however that tge ;8J | owi ng

di scussi on ¥ M 4 regnd cargis oA gaAnyertes appamius,{or comyFring ap I )-¥ke pr oduci ng
appar at usesinfétafi@PwordUiaionG Bbif civerdd wokdQ iR thanfie] néuder for cRAinél dnetirigd

carrier, nore_.specificall tagnet i record carrjer, are well kno in the
art. 20" fef G DACRformAeRverds (Y 8 byt sbumel wptss|Ja chanpilcrigadst ComRrismER® b |
thle li Zt dOfcdnGéﬁrQﬂpﬂﬂﬁﬂ(rjmﬂttﬁamnEﬁef\aﬁﬂ&t&?Br redonvertingtan [Mbit eoétéamdl i st of
rel ate ocupent s. Repr.oduci par at uses ten conprise an AGC circuit
for gai n coPHITRNIONYO iBio AR nebiireepayeried infOTAHOn WA JFADeRH thEAVESHOR o
si gnal readrefaiedntb @ nidthicd for G@nsmifting. SO that clock and data recovery can be
realized with the m ni mnum anount _of, .errors., Prior t. reproduci 5

fof GRbelinecs bt

appar at uses sonet | néth YIPAATS 3s slefineddp thy opening pRrRETaR 5]

det ect edo | inforfaasriSgiae oivia trécord Gartiely @ kdown frdi USPI5 142,401, HetumieRCDI i thg a
digital list of related documents that can be found at the end of the specification. A further
document related to the subject of recording of runiength limited sequences on magnetic

record carriers is document D2 in the list of related documents.

15 | The following discussion will be held with reference to recording and
reproducing apparatuses. It should be noted however that the following discussion is equally
well applicable to transmission systems.

Reproducing apparatuses for reproducing a digital information signal from a
record carrier, more specifically a magnetic record carrier, are well known in the art.

20 Reference is made in this respect to USP 5,469,462, document D3 in the list of related
documents and EP-A 549,030, document D4 in the list of related documents.

Reproducing apparatuses often comprise an AGC circuit for gain control and a
slope equalizer for equalization control of the signal read from a record carrier, so that clock
and data recovery can be realized with the minimum amount of errors. Prior art reproducing

25 apparatuses sometimes show a large error rate in the digital signal detected.

In accordance with the invention the apparatus for recording a digital
information signal in a track on a record carrier comprises
- input means for receiving the digital information signal,



informetion signal in a track on a record carrier conprises - input means
for receiving the digital information signal, WO 98/ 01859

PCT/ 1 B97/ 00673 2 - channel encodi ng nmeans for channel encoding the digital

i nformati on signal so as to obtain a channel encoded information signal, -
outputting nmeans for outputting the channel encoded information signal, the
channel encqg ans being provided with means for restrpgligegds! east
the |l ength gﬁbgﬁnggta patterns in the channel encoded info?ﬁ%??gn sl gnal
that give rise upon reception to a signal that conprises substantially a
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Moder n t r gisiation Sign@nd recording systenms tend to have little if any excess

bandwi dth. If a Nyquist-rate data pattern_is transmjted or yecqr and
excess bandwi dth i _mmt'gnﬁ‘@fﬁdtmemewe%&?%limgi B%E“#Tlim‘ﬁﬁgigl

al most jPUnfkilafidn ébdkSare witlely Bpplie@ WEdigitd] trabesissiGitardLiectading systenys. Mppssi bl e
to extract any control information for tim ngodze&)dar ecover '

or ., ; arn . .
introduce one or more run-length constraints in the en ta stream. cas% in point is

the k-constraint, which stipulates that runs of identical symbols are at most k+1 symbol
intervals long. This constraint ensures that data transitions will occur regularly, thereby
facilitating proper operation of the timing-recovery scheme in the data receiver. For systems
15 that reject DC, the k-constraint is also beneficial to automatic gain control.
Modern transmission and recording systems tend to have little
if any excess bandwidth. If a Nyquist-rate data pattern is transmitted or recorded and excess
bandwidth is negligible, then the received signal will consist almost purely of noise. In this
event it becomés fundamentally impossible to extract any control information for timing
20 recovery, gain
control or equalizer adaptation and as a result the timing-recovery,
gain-control and adaption loops in the data receiver may misconverge.
To avoid this anomaly it is desirable that Nyquist-rate data patterns
have a restricted duration. This restriction may be achieved via a
25 k, constraint that limits the maximum run-length of Nyquist-rate patterns to k,+1 symbol
intervals. The k, constraint per se does not appear to have been used previously, but it does
emerge implicitly in existing modulation codes as a result of a constraint on the run-length of
zero symbols at the output of a PRML channel, see eg. document D2. ’
While the k and k, constraints are necessary for adequate operation of all
30 control loops, they need not be sufficient. |
The present invention is concerned with the constraints that
are needed to achieve sufficiency for a particular category of data receivers, namely those in
which a slope equalizer is present. A slope equalizer is often 'employed for channels that
have a gradual roll-off at high frequencies. The slope or degree of roll-off tends to be a



conttrol ‘or equalizer adaptation and as a result the timng-recovery,

gai n-control and adaption loops in the data receiver may m sconverge. To
avoid this anomaly it is desirable that Nyquist-rate data patterns have a
restricted duration. This restriction nay be achieved via a 25 k2
constraint that [imts the maxi mumrun-1length of Nyquist-rate patterns to
k[err]+ 1 synis0osonssd val s. The k[err] constraint per se doespopipospgeexr to
have been used previously, but it does emeyge inplicitly in existing
nodul ati on codes as a result of a constraint on the run-length of zero
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t he maxi mum run data patterns that give rise to such a conponent
i's considered to range from DC to the Nyquist frequency with both edge frequencies excluded.

Preferably, all data patterns that have at most a smgle frequency
component within this pass-band should thus be limited in length in accordance with the
15 present invention. Those are data patterns having a period of 3T, 4T and 6T, where T is the
bittime.
Therefore, in accordance with the invention, 2 modulation code is proposed that
~ introduces constraints on one or more of those data patterns in the sense that their length
‘sh_ould not exceed a predetermined length. |
20 The invention further resides in a specific converter apparatus that can be used
in the channel encoder comprised in the recording apparatus, and to a corresponding

reconverter apparatus that can be used in a corresponding reproducing apparatus.

These and other objects of the invention will become apparent from and
25 elucidated further with reference to the embodiments described in the following figure
description, in which
figure 1 shows a reproducing apparatus for reproducing a digital information
signal recorded on a record carrier,
figure 2 shows the amplification of the signal read from the record carrier by
30 means of the AGC circuit normally present in the reproducing apparatus and the equalization
of the signal read from the record carrier by means of a slope equalizer normaily present in
the reproducing apparatus,
figure 3 shows a recording apparatus in accordance with the invention, provided
with a channel encoder,



liimted. 10 Practical transm ssion and recordi ng systens al ways
I ncl ude one or nore AC-couplings and tend to have little excess bandw dt h.
Their pass-band can, therefore, be considered to range fromDC to the

Nyqui st frequency with both edge frequenci es excluded. Preferably, all data
patterns that have at nost a single frequency conponent within this
pass-band shpybglelgky)s be limted in Iength in accordance wi

present invention. Those are data patterns having a period of 3T, 4T and
6T, where T is the bittinme. Therefore, fn accordance with the invention, a
nodul ati on code is_proposed t roduces onstr | nt ne or nore of
those data patt er fdgure, ?ﬁ'?—?“é‘ér@é‘h rfiib"faﬂg'i’ Pf & sgbgraly ﬁSﬁfgmﬁgt exceed a
predet erm ned | engfigure 3Ghows an example of Bh8-tos/sintonvertérumitithat carebe ded ia n a
specific converter apparatus that can n _t he channel
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fol | owi ng,f4 QUbResHSifttg Sahi¥d dedoderphi ch figure 1 shows a reproducing
apparatus for reproducing a di |taI I nformati on si gsgg‘é'l recorded qn a record
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record cagfdnfbs éﬁgod%pofrggﬁyé s0bpd he AGC circuit normally present in the
reproduci ng apparatus and the equalization of the slgnal d fromthe

record carrier by figpd agpther @PWH“%BEWF?@?"%‘F BRit A bF@g@'ﬁtenmei he

reprodﬁpl ng apparatus, figure 3 shows a-recording appar atus in accordance
e

witht i nventi on provided with a channel encode
A rteproducing apparatus for reproducing a dlgltal information signal from a

track on a record carrier generally comprises an automatic gain control circuit for controlling
the amplitude of the reproduced information signal and a slope equalizer for controlling the
frequency characteristic of the reproduced information signal. Figure 1 shows an example of .
15 such reproducing apparatus. Reading means in the form of a magnetic read head 1 are
present for reading information from a magnetic record carrier 2. The signal read from the
record carrier 2 is supplied to an automatic gain control circuit 4, which has a control signal
input 6 for receiving a gain control signal and an output 8 for supplying an in gain controlled
output signal. This signal is supplied to an input 10 of a slope equalizer circuit 12, which has
20 a control signal input 14 and an output 16 for supplying an equalized output signal. The
equalized output signal is supplied to an input 18 of a bit detector circuit 20. The bit detector
circuit realizes a bitdetection on the equalized output signal frbm the slope equalizer circuit
12 by means of an A/D converter included in the bit detector circuit, followed by a detection
of for example a Viterbi detector. The sample rate for the A/D converter may be extracted
25 from the signal itself. The reproduced information signal will be available on the output 22
of the bit detector circuit 20.
A control signal generator unit, not shown, but included in the bit detector unit
20, is present for supplying a first control signal s, to a control signal output 26 and for
supplying a second control signal s, to a control signal output 28 of the bit detector unit 20.
30 The control signal output 26 is coupled to the control signal input 6 of the automatic gain
control circuit 4 so that the control signal s, controls the settirig of the automatic gain control
circuit 4. The control signal output 28 is coupled to the control signal input 14 of the slope
equalizer circuit 12 so that the control signal s, controls the setting of the slope equalizer in

the equalizer circuit 12.



WO 98/ 01859

PCT/ 1 B97/ 00673 4 figure 3a shows a further el aboration of the apparatus of
figure 3, figure 4 shows an exanple of an 8-to0-9 bit converter unit that
can-be used in the channel encoder of figure 3, and shows a 9-to-8 bit
reconverter unit for reconverting the 9-bit converted words into the

ori gi.nal 8-bi wormsmees9 5 . figure 5 shows the chanpetnssmoseker
provided with the converter unit of figuge 4 and a correspondi ng channel
decoder, figure 6 shows an exanple of the polarity control signal generator
used in the channel rangafigid @boniBhta sipnadfiald GUak bé camefieh IheRAENt of

the converter unit in the channel encoder. Areproduci ng g@gar atus for
r epr oduci novay. Befgrenes isimadsinhis w§spest igihg IBEEoFrapsactions publication ef-Ghequbiiy 1 j or
general ly %&n Jn?ﬁgiﬁ'?n gm dRifergONtrol circuit for controlling the
anpl rtude of the reproduced Information signal and a slope equalizer for
control ling the freGefungtianingrofshecautomatic gain copteol cinguiv & 20 the; stapgrequalizen
signal . Fi '
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converter be "ex )
In response to the signal read from the record carrier, the bit detector circuit 20

15 thus generates the two control signais s; and s,, such that a correct bit detection results.

It is now assumed that the signal read from the record carrier is an analog
reproduced signal comprising one frequency component. Said in other words: the frequency
characteristic of the reproduced information signal read from the record carrier and which is
in analog form, has one frequency component. Various data patterns in the digital

20 information signal to be recorded lead to a reproduced information signal in analog fdrm
having a single frequency component. Examples of such digital data sequences are:
a 3T pattern ... 110110110110110...., '
the 4T patterns ...1100110011001100..., and
_ ...1110111011101110...,
25 a 6T pattern ...111000111000111....

Other patterns are possible.
The first pattern given above leads to an analog signal having a single frequency
component upon reproduction at the frequency value f,,/3,' where fj, is the bitfrequency of the
30 information signal, which équais 1/3T, where T is the bit time interval in the digital
information signal. The two 4T patterns given above both lead to an analog signal upon
reproduction having a single frequency component at the frequency value f,/4, which equals
1/4T, and the last pattern leads to an analog signal upon reproduction having a single

frequency component at the frequency value f,/6, which equals 1/6T.



25 frdmthe signal itself. The reproduced information signal will be

avai l abl e on the output 22 of the bit detector circuit 20. A control signal
generator unit, not shown, but included in the bit detector unit 20, is
present for supplying a first control signal s[err] to a control signal

out put 26 and for supplying a second control signal s[err] to a control

si gnal out pwipogiieaé the bit detector unit 20. 30 The contr @lrshdsdr OUt Put
26 is coupled to the control signal input 6 of the autonmatic gain control
circuit 4 so that the control signal s%grr] controls the setting of the
automatic gain coptrol circuit 4, erfontrol signal output 28 is coupled
to the control sigﬁﬁ‘f““f ﬁf)ﬂ?‘g{h‘ab?g';[ﬁ%yglpﬁ é"&ﬁﬂg% Qw%c'f’g"ieufri’q"f%yso t hat

t he cont rspdctraimgm DC. SThertransmissior chasnel [{eg. sied tecorgingfrepioduction pethe isumwedeer i n
the equalizer .circuit. .l 98/ 01859 . -
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referencg to figure 2. In response to the first control signal s[err], the
AGC ci r cif®U#¥-eal i zes an anplification on the signal applied to its input
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character] s]t ics F err,L azi\nd ,Fi rri_qr es ?ct,lj,hvel’}/ in response to two different
e ignal having the frequency f. The anmiplification factor M(f,; is the

component s
correct amplification factor for this signal.

control S8
15 Suppose now that A;.F, would be equal to A,.F,. In this situation, assuming
that a single component signal having the frequency component f, is reproduced, control
signals could be generated leading to the AGC circuit being set to the value A, and the slope
equalizer being set to the curve F,, again leading to the amplification factor M(f,), which is
a correct setting for the single frequency component signal, However, as soon as other
20 frequency components appear in the signal read from the record carrier, both the AGC and
the slope equalizer are wrongly set‘. resulting in a highly erroneous bit detectior, going out
from the data read from the record carrier. '
The invention is thus based on the recognition that single frequency digital
information signal components recorded on the record carrier may, upon reprocuction, result
25 in a setting for the AGC circuit 4 and the slope equalizer circuit 12 which is correct for the
single frequency signal components but may be erroneous as soon as a digital information
signal including a plurality of frequency signal components is reproduced. |
In accordance with the invention, the requirement thus exists that iong data
patterns in the digital information signal to be recorded that lead to an analog reproduced
30 signal having one single frequency component, should not appear in the data stzeam to be
recorded.
Figure 3 shows an embodiment of an apparatus for recording a digital
information signal on a record carrier. The apparatus comprises an input terminal 30 for
receiving a digital information signal to be recorded. The input terminal 30 is caupled to an



signal Y¥alues for the control signal s[err]. In response to the signal read
fromthe record carrier, the bit detector circuit 20 15 thus generates the
two control signals s[err] and S[err], such that a correct bit detection
results. It is now assunmed that the signal read fromthe record carrier is
an anal og reproduced signal conprising one frequency conponent. Said in

ot her words: weediespuency characteristic of the reproduced | BB IG0s AN
signal read fromthe record carri.er and which is in analog form has one
frequency conponent. Various data patterns in the digital 20 information
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in the fr Cqistleda correct AGC setting in the AGC circuit 4 in the reproducing apparatus. In addition,
as explained above, the constraint should be posed on the channel signal to be recorded that
long data patterns, such as the ones given above, and having one single frequency component
should not appear in the data stream to be recorded.
15 Figure 3a shows a further elaboration of the appiratus of figure 3. The
apparatus comprises a channel converter 34A, eg. for converting (n-1)-bit information words
into n-bit channel words, in a manner well known in the art. Further, a buffer memory 34B
~ is provided for storing a sufficient fength of the séquence of converted data words. A
detector unit 34C is available for detecting data patterns defined above, that lead to analog
20 signals upon reproduction that comprise a single frequency'component. which data patterns
exceed a predetermined length. Upon such detection. a control signal is supplied by the
detector 34C to a polarity inverter 34D. The polarity inverter inverts the sequence of
converted datawords at a location that coincides with a data pattern defined above that
exceeds the predetermined length. As a result, the data pattems exceeding the predetermined
25 length above are cut into two halves, each half being shorter than said predetermined length.
This will be explained in a further embodiment, which will follow below.
It should be noted that the encoder described with reference to figure 3a is a
special form of a polarity bit encoder, such as described by R.O. Carter in document D6 in
the list of related documents.
30 Figure 4 shows a converter for converting, as an example, 8-bit information
words into 9-bit converted words, that can be used in a channel encoder capable of realizing
the above objective, as well as a corresponding 9-to-8 bit reconverter that can be used in a
corresponding channel decoder.
The channel encoder and the corresponding channel decoder will be shown in



spectrum at DC. The transm ssion channel (eg. the recordi ng-reproduction
path is however not conducting for this frequency. In the sanme ‘way, sone of
the patterns given above exhibit a peak in the frequency spectrumat the
Nyqui st ‘frequency (which is 1/2T). But in general, 5 the transm ssion
channel is also not conducting for the Nyquist frequency. As a consequence,
the reproduc g signal is generally devoid of a frequ at DC
and the Nyquﬁ&ﬁwdes uency. Suppose that, for a milti frequeﬁ%@%ﬁ%ent
signal read fromthe record carrier thed bit detector circuit generates
control signals s[err% and s errh such that the AGC circuit 10 . is.set to
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Mflerr]) correct a catlon Bt o his“sig
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flerr] isTe contro gnal s coul rat ed eadln to the AGC

circuit beemgnaleupnlms REl'vhit. Lf@ﬂhﬂ' thecputpits @I-‘bplﬁ 2.3 of the seriabppmlielset to the
F t f h

o orr ot Sy frd ARELP Godgftd 10 et A8 I b MRV o Blccohverth! 70 1

soon as otqeeﬁhegonvpnemﬁbmfynmmmmmasppmm ier m%dgn&ﬁ 6 Qutput 2 he
d

Fooul s 1658 bilpied 8 alborofhg B o1\ HuARRESEHAL £.3n Glfte BF GROH fs Sba

from the rtesherelitpiifileof therbanvenered@ Dytput 42.2 linepuplad ¢ala cerreshendingciopytiof ithen

that singl@ydg SARRCY Al dbtduitbf gﬁ@ﬁ’f%bl%tﬂh?%%uPWBF‘&thﬁnJeﬁEPMjeag on the

record carrier ‘nmay, upon reproduction In a setting for the AGC
circuit 4 weldasito@ menmq@&rhez!é‘m%rgmwﬁtl Dutpues 653 and ¢4 arectcupled ta he

50 | AR s GONPRITRIS AN Uil SCYRRYS SEpBPRINE S
corrponéﬁt s#4i 3 0f thp cornerteni40. a8 “@B@éﬂ@&ﬁwﬂwilpht erfée mumhsrr Wit 46 heOWpYEi r enent
thus existg 4 hiyf 47698 &dpRd to corresponding inputs of the multiplier unit 46.4, zn output of
which is coupled to the output 44.7 of the converter 40, as well as 10 a correspanding input
of the multiplier unit 46.5. Output 42.7 is coupled to a second input of the multiplier unit
46.5, an output of which is coupled to the output 44.8 of the converter 40, as well as to a
20 corresponding input of the multiplier unit 46.6. Output 42.8 is coupled to a second input of
the multiplier unit 46.6, an output of which is coupled to the output 44.9 of the converter 40.
The corresponding reconverter 50 receive the nine bits of subsequent 9-bit -
converted words denoted bg,y,.....Dg, 4 g Via inputs 52.1 to 52.9 respectively. The
reconverter 50 is provided with eight multiplier units in the form of eight multiplier units
25 54.1 to 54.8 and a parallel-serial converter 56 having eight inputs 58.1 to 58.8 and an output
which is coupled to the output 60 of the reconverter 50.
Inputs 52.1 and 52.2 are coupied to corresponding inplr!s of the multiplier unit
54.1, an output of which is coupled to the input 58.1 of the parailel-serial converter 56.
Inputs 52.2 and 52.3 are coupled to corresponding inputs of the multiplier unit 54.2, an
30 output of which is coupled to the input 58,2 of the parallel-serial converter 56. Inputs 52.3
and 52.4 are coupled to corresponding inputs of the muitiplier unit 54.3, an output of which
is coupled to the input 58.3 of the paraliel-serial converter 56. Inputs 52.4 and 52.5 are
coupled to corresponding inputs of the multiplier unit 54.4, an output of which is coupled to
the input 58.4 of the parallel-serial converter 56. Inputs 52.5 and 52.6 are coupled to



patterns in the digital information signal to be recorded that lead to an
anal og +eproduced 30 signal having one single frequency conponent, shoul d
not appear in the data streamto be recorded. Figure 3 shows an enbodi nent
of an apparatus for recording a digital information signal on a record
carrier. The apparatus conprises an input termnal 30 for receiving a
digital infornwbissmissegnal to be recorded. The input term nal pethrosssos P! ed
to an WD 98/ 01859 9

PCT/ 1 B97/ 00673 7 input 32 of a channel encoder circuit 34, which has an

output 36 fqp mﬂ&aﬁ&mg il o@famnﬁah %ﬂﬂ%@sdhmagght ﬁ%@émﬁ%@e&t&mehnﬁup a

wite unlt epreset S|tuat|on ormao amagnetlc
wite head 38,5 éfcthe wathtlfsgnal wen\@namiﬁallnmimédndmﬂm caupied torgedrespondingn al
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gﬂ;gntel ee:lgg ? enco (?,fn ﬁ‘ém@i %al?? %u?prrJgtgf g/ﬂfcg s cdliapled to the :Hput 58.6 gﬁﬁat

i L i Isdsg i tal;:laallélgasenalemovﬁtangsohputhéz r'IeodnSa 8caae cmupl:d Wamncapendmmmpnmqﬁm ]
const s ai nt o PuEeE S ¥a 7o SURMYEwERCE ERRca Ty W Pp B PR barailieth °°

i nf or mat i on conventat 56.riopulsi52.8tandr62.9 akercabipled nesmra;poddmgnopas oﬁﬁ:temulnpimh umit her

Sutf1 i ent - P90 Quped FReBGaRYP Rl B el FERREIE shRpr £l bR as Tod
i nf or mat i on patafjelederialovotivertes 56 iconvertsithe 8-isit paratlel nerds soppiiedad itd\@puadnbiang in

above, the GERL e Apleaie o e BETRORRR Yo The Al e vER #T UBHRC

t hat | on@0 dad shepoxiginal &bit mrdhsmphédhetmputgmven above, and havi ng one

singl e frequency co gt shoul a i.n th ta st.ream.tq be
recorded. 15 TRk YRR ‘ga{ %W&?Kg’g erf{?r‘f h‘éP°§F§'5‘8F"'£% F’gﬁy’d?%{ nse
appar at us ofthdt a@dbiecahverfdiewondpay welligs itsocuprespoading i pelarity| inveted Orllieword4s\, eg.
for converti Qc%mgene(j! )byt%e relcgr]:vg{tgpgd 8&) tnoga%?e 8-bit information word.

Further, the converter-reconverter combination as descnbed above is such that

15 one bit erroneously received by the reconverter 50 affects at most two consecutive bits in the
reconverted word. It follows that error propagation in the reconverter is confined to at most
two symbol intervals. Furthermore, errors do not propagate beyond word boundaries.

It should be noted here that a generalization of the converter of figure 4 to a
converter for converting (n-1)-bit information words into n-bit converted words is

20 straightforward, going out from the above given discussion of the 8-t0-3 converter. The same
can be said regarding a generalized reconverter. Such generalized converter and reconverter
fully lie within the scope of the invention.

It should be noted here that the converter-reconverter combination as shown in
- figure 4 is meant to convert/reconvert digital signals having values {1,-1}, which is a

25 - notation for digital signals which is regularly used by transmission engineers. With such
signals, the multiplier units are indeed real multipliers. The digital values {1,-1} have been
obtained from a binary digital signal having 'zeroes’ and ‘ones’, by converting the 'zeroes’
into *-1° bits and the ‘ones" into °1" bits.

The same converter-reconverter combination as shown in figure 4 could be used

30 for directly converting-reconverting binary signals expressed in the *normal’ notation with
*zeroes’ and ‘ones’. In such situation, the multiplier units can be all in the form of EXOR
gates or EXNOR gates. When using EXNOR gates in the converter, also EXNOR gates
should be used in the reconverter. When using EXOR gates in the converter, it is necessary
to apply a 0’ bit to the terminal 44.5. Further, also in the reconverter unit EXOR gates



into n-‘bit channel words, in a manner well known in the art. Further, a
buffer nenory 34B is provided for storing a sufficient length of the
sequence of converted data words. A detector unit 34C is available for
detecting data patterns defined above, that |ead to analog 20 signals upon
reproduction that conprise a single frequency conponent, which data

patterns ex M redeterm ned | ength. Upon such detection t ol
signal is sﬁgg | 8§by the detector 34C to a polarity invertﬁ’?&%&mﬁ'ﬁe
polarity inverter inverts the sequence 8 converted datawords at a | ocation

that coincides with a data pattern defined above that exceeds the
predeternﬂ?@lﬂ' l?ee‘ﬁﬁq-h. As a result, the data patterns exceeding the

predeterm ned 25 tlgmmshahwﬂo:ﬁér@mmmentommomm‘esnu emhedmfmei ng
shorter than said predeterm ned Ieﬁggh This be ex ai pe {)urther
enbodi meneonVERErRItAQ” cary 859 beuisd|ip GPoRefation 4 wcwb‘tega 'a t{}"l’éa ®oder

descri bedg fh& tﬁa@fn?er&ﬂmmtﬁh{el ’@Ufs%o%ﬂpﬁe@io&ﬁ@@rﬁinaf 84.Mm sﬁe farthé nauldipliér bi t
encoder, such as descri bed docunent D6 in the | i st of

ol ot o dBstaTRseR: Bghe converr unit 40 g forthen explanagion, of the repveger wait 40" is
converti Neuqufiey #ftkr @f@%ﬁwe%xﬂhﬁmbafopms%h%emm@lao lof ,gu:% -4l sho@d erife d

wor ds, that” can be used in a channel encoder capab real i zing the above
obj ect i vebe aatedithat varipus othst F@Q%ﬁ&?'ﬁ@f the cgoveTisy P'“F @@m? gcvharg e 'dan be

used in aygeL iy %&#@%%zéﬁﬁﬁﬂ%fm&@&wﬁh&ﬂm encoder and the

correspondl ng channel decoder w Il be shown in WD 98/ 01859
PCT/ 1 B97/ 00673 8 Jfigugissthowsan emmme P& thechannel engodergis of figure3 freacodinghows a

byt ewi g ﬁmmghﬁ{on%rthbmn%i wcmﬂ B Re : g% %ﬁﬁn&o&\f&f b @y i nto

9-bit converte ein e COI’IVEI"[ I'S COUp e to a

seri al - pacan becysed fondeceding the nshwnalg zemqﬁa%by phecchannel encadgsiinto the ght
out put's 48né %l%ﬂ)?mﬁdn%&rﬁppmé chidfhePbdcddé i€ bédorddbyPhe réfbrehG@Siftekdl 48! ¥ndof

subsequent
‘comprises the converter 40 discussed above with reference to figure 4. The channel encoder

34* further comprises a polarity inverter circuit 60, which is capable of inverting the polarity
15 of the converted datastream supplied by the converter unit 40 under the influence of a

polarity control signal denoted p,,,. Further, a control signal generator 62 is provided for

generating the polarity control signal p,, and supplying the signal p,, to an output 68.

The polarity control signal is automatically generated for each bit, as will be

explained later. By changing the polarity of the converted datastream, additional frequency
20 components occur at the boundary where the polarity inversion occurs. During this moment,
the AGC circuit 4 and the slope equalizer circuit 12 can be set to its correct setting. The
polarity control signal generator circuit generates the polarity control signal p,,, from the 8-bit
original information words and the resuiting 9-bit channel words and therefore has 2 first
input 64 for receiving at least one bit of each of the 8-bit information words and a second
25 input 66 for receiving at least one bit of each of the 9-bit channel words.

Figure 6 shows an example of a polarity control signal generator circuit 62,
identified by the reference numeral 62°. The generator circuit 62° comprises multiplier units,
in the form of multiplier unit 70 and 72. The multiplier unit 70 has first and second inputs
for receiving the first (LSB) bit and the fourth bit of each (n-1)-bit information word. The

30 output of the muitiplier unit 70 is coupled to a first input of the multiplier unit 72. The
second input of this multiplier unit circuit receives the fifth bit of each (n-1)-bit information
word.

The generator circuit comprises two further multiplier circuits in the form of
multiplier units 74 and 76. The output of the multiplier unit 72 is coupled to a first input of



5: informati on words supplied to the input 32. The converter 40 has nine
outputs 44.1 to 44.9 :to supply the nine bits of subsequent converted words.
The output 44.5 is coupled to a termnal supplying a '1" bit. Further, the
outputs 42.4 and 42.5 of the serial-parallel converter 40 are directly
coupl.ed to the outputs 44.4 and 44.6 respectively of the converter 40. The
converter 40 ivgobdgmibsdeer provided with six nmultiplier units 4ectmssndds 6.
Qutput 42.1 10 is coupled to a corresponging input of the nultiplier unit
46. 1, an output of which is coupled to the output 44.1 of the converter

40. Qut put {pRierCENiT4S 4n oftpat SRS RBEBIEDI0! tho bistp@f 68t dfahd=genttawa tciteuit . 2,
an out put otﬁg\r/:ﬁllldgﬁeis cou%?edptao t,hel_out,pﬂ% 44. oftpt he cog&grt [ .40, .as

2 [
wel | as to 62 sTheoinputi6hmi thepgenemator citeyit 6 ibcoupled to sfirss ianut g Gplignunit o) o
coupl ed to £or M it hidY il 7648 ich 3.2 ondUhgut of of
which is co'tff’glvg? ot l%ggt}?gﬁ?%tl'_@hé&.ﬁ%m&!ﬁ?tlhe cpnvert‘gjr’&iQ,a,a_s Irlmuas to
a second i rpemultipliehenit?d. 4 gscons inpytiof thesmpitipkissugit /6 raceIves ang &’ff‘%"ear e
coupl ed k0 corT esporl s biflBing pifsedhy ofilbicl BLYiior it Supffiedho 1AElinpi 8.dnd Of
whi ch i s™coupl ggphé)l tdﬂe out put 4.ti7 fm;ﬁp?ogg,?v%éﬁ{lﬁymg%f\gﬁlg&%t&ha
cor r espondi detpyedhjnuthe delay Heit 4€ byer s Hreg ATy 15. . to
a second i b | ' ' irfts Coupl ed
to the out B’&tu&igzﬁ& ‘?ﬁga (?(E)ni'\/eg‘p%sg}r‘ll hi{ss?&éénv?gﬁqugg?%b gf glgmgoq;ratrn"ergspondi ng
i nput of t hdiscussed apdvedo aumpst 146. 6. Qut put 42.8 is coupled to a second i nput
of ‘the multiplier ufhinetRsdinedEmbitiditht of fightl!e: ft it SghiPHidhuey i indighll pu!

44.9 of the converter 4l he correspondi reconverter 50 receive the nine
bits of 19ubsignalsdnttheccitshit apoimibe {-dd }wotation.Jehesirevit of Bgyre 6 can bg mogdified §¢ s

i nputs 52. 1 t B V@l Y APEdERoh 30, 1 OThiS cif se/iediidd Oyt h ei ght
mul ti pl | er]‘arﬂ??’??%‘ﬁg't‘ﬁf?@?%ﬂ%@? 'é"l"-g’;’rﬁfb{fnﬁui p|iir°e$ .ugi_tsx 25 54 1 {¥es 8 and
a paral | el -replacing theomuitiplies uniEobhEXNOR eircgits. In Mgt sigiation. @ signab i)’ shopithbe,

out put whi ch_j. I?g 60 of the reconverter 50. Inputs 52.1
and 52.2 araé’pic%u%ﬁgéé 0 ‘%bp{ﬂtrggtgéjnwwé'i nputs of the nultiplier unit 54.1,
an output of which VWhepgeplacieg the multiplien prits bydEXORY. th, 8kt be aaplicdfq the

convert g 5&"""13&#{{‘%&?&2‘3‘“%%3&1%eqr'?' ggﬁpl ed to correspondi ng i nputs of

the mul tTplier out put of ‘which is coupled to the input
58.2 of the parall ellt shoukidie noteditbat; by ushig anopsy paarisy conteg| figgal genefptar.dbitp| ed

to correspopding v RRHbSotRr doRGraed o Rhd Sgnalid e Blorded, BlichOastaPietuiftinenhing

the signal to be recorded is DC free.
An 'optimum’ polarity control signal generator that is capable of suppressing all
20 the data patierns given above having a length of at least 9 datasymbols, can be expressed by

the following equation:

m-1 _m-1 _m-1 m _m _m =1 _m-1 m _m
tm=as -a6 -87 * ao -al .az +* as -a7 -ao .a!

= -1 -] “m-T —m m-i _m-t "m
. ;_,',Tr.a-'," l.az"' + ag l.a;" .ag.ay *ag -a; -3

where the overbar denoted logical negation and the *.' and *+' denote logical AND and OR
25 operations, respectively. This expression assumes that the underlying quantities have first
been recast in the logic notation {0,1} according to the mapping *-1'—'1'and '+1' = 0",
After having reconverted the quantity t,, obtained into the notation {-1,1}, the

polarity control signal p,, can now be obtained from:

30



is coupled to the input 58.3 of the parallel-serial converter 56. |nputs
52.4 and 52.5 are coupled to corresponding inputs of the nmultiplier unit
54.4, ‘an output of which is coupled to the input 58.4 of the

paral |l et -serial converter 56. Inputs 52.5 and 52.6 are coupled to WO
98/ 01859 '

PCT/ 1 B97/ 00673 rrespondi ng i nputs of the nultiplier n

out put of \Aﬁhﬁf@gcoupl ed to the input 58.5 of the parall %’#T'sﬁ’é?%’?
converter 56. Inputs 52.6 and 52.7 areloupled to corresponding inputs of’
the nultiplier unit gate 54.6, an output of which is coupled to the input
58.6 of the pgjal lgel-serial converter 56. Inputs 52.7 and 52.8 are coupl ed
to corresPuidsng nrrrﬁns of the 5 nmultiplier unit 54.7, an output of which
is coupled to the input 58.7 of the parallel-serial c nverter. 56. | nputs
52.8 and viRrotheré symhels agwimeag 5l @?&tﬂ%ﬂ?‘ﬁ@s rm@aﬁessrs ribed) Wit reference i ¢
54. 8, antglﬁeohg &fa Y €h is coupled to the input 58.8 of t he

paral |l el -'Sseri1a converter 56. The parallel-serial convertFr 56 converts the
8-bit parallel woMhilsttheinveation hpsibeen deseribed withrefezensefq BEfefiEd 5 sequence of

the 8-bi tenib%ﬁ‘?:fk\é@&%&@oﬂ"ﬂﬁ&’ﬁ: be J’.}ﬁe{s%@mﬁ?ﬂkﬁ‘éﬂu@n@t txmmwd%xahﬁeﬂ emas,i cal 10
to the origlna wor ds supplied to the input 32. The keé?g{‘ Eerty of
t he r eSorvagpusemodifications may begogiei apparemi 4@ thoss flvli'qdym the,art. eithout, W&t a 9-bit

converte sca;?eeu%é ifventidnS aCQUinES ROME ciafing. A sP eXainplé, AN v@bddisledls Di t
word is ?feconl\%erted by t t nreconvernter 50 into_the sarrg 8-bit jnformation

wor d. FurMbwmae@mmmmmmr@@wm|%Ff wegngtic gearticalsdd above i s
such t hat it @ar N QY di@hs, R6kheds§ ect s at
nost two cé%énggu |vé tgé‘f ggﬁﬁggﬁe&rﬂggg%értlﬁ%rd sﬁfs@i}?ol ows that error

pr opagat i brnadcast systemseconverter is confined to at nost two synbol intervals.
Furthg Iqrmre err it BRlinRinRBARAL IR %Qv@@rrﬂ;vaoféﬁﬁl@rdr%‘émbinhn&f@m d be
not ed ‘here that a genera I zation of t converter of figure 4 to a

conver t erfeftgrescasrheesie disgjoged- 1) - bit i nf or mati on words into n-bit converted
words is



20" straightforward, going out fromthe above given di scussion of the
8-to-9.converter. The sanme can be said regarding a generalized reconverter.
Such generalized converter and reconverter fully lie within the scope of
the rnvention. It should be noted here that the converter-reconverter

conbi nation as shown in figure 4 is neant to convert/reconvert digital

si gnal s havi nowgasomse {1, -1}, which is a 25 notation for di gptpimeSharil S
which is regularly used by transm ssion epgineers. Wth such signals, the
multiplier units are indeed real nultipliers. The digi taI val ues {1, -1}
have been o r nary di gital signal haV| ng 'zeroes' and 'ones',
by converti %s%gé%ége@(%@e&% nto '-1'" bits and the 'ones' into '1l" bits. The
same converter-reconverter conbination as shown in figure 4 could be used
30 for dir Iy co [ N t bi nary signals expressed in the
'normal' no {I on Wi %sklg?c‘)‘gg anggjgzgs In such situation, the

mul tiplier @)ts carlEEE Jebinal ofae}eeted@rmmo@mmx@m \inl. E)(mm?lghneﬁn\/\hen
usi ng EX gates in.t r I E dlnthe
reconverltgg]r:Q When ug’p Bgé&&\ﬁaéﬁ&qﬂ' hé c%‘(m?'ta%%m%%ﬁﬂgﬁg@gcr

apply a '0" bit to tme:rdmgm naI 44.5. Further, also in the reconverter unit
EXCOR gat es WO 98/19

PCT/ 1 B97/ 00933\:.) 10 sh %?g%gg“%gf}'mﬂ"dd?}s 7 shows anot her enbodi ment of the

converter u(l])4) denERd 49,030 TAHN mmrter unlt 40' can aI so be used in

cooperation th th vert t

constant va 3 1 ﬁsﬁ%masp% ﬁgﬂH\"Bwf‘h"é’s ’a?o%zl '%,l taplf Lﬁ?{?(gé
multipli® 5 unit i sCheredmiret al, NAtdpsive amaley: eqnahunno arireceiMer frantiehd:control for
expl anation of the ¢ [ [ extenS|ve
expl anation of the c"gﬁr}gger%l um%sp%ge tﬁﬁ'gsﬂ'@r%e&%?"\%%lg P% further

not ed that (I6)i ous dilhmommihmérsrmnysl%ﬁ, Vbk 1¢c aovarR.€). Cantet, ’Mw—dmpsxswbl e,

where the '1' . . .
. binary coding system’.



val ue fs applied to an other output term nal of the converter unit. Figure
5 shows an exanple of the channel encoder 34 of figure 3 for encoding 10
the informati on words into channel words and shows the corresponding
channel " decoder that can be used for decoding the channel words generated
by the channel encoder into the original information words. The channel
encoder is*ﬂﬁ@@%ﬁﬂ9by the reference nuneral 34' and conpri pegpbiifefonverter
40 di scussed above with reference to fiﬂure 4. The channel encoder 34
further conprises a polarity inverter circuit 60, which is capabl e of
invertin% tgﬁ Eolarity 15 of the converted datastream supplied by the
converter 40 under the influence of a polarity conirol sigmat—denoted

p[err]. Further, a control signal generator 62 is proy i ng
the polarity control signal P[err] and supplying the mmmmm}@ﬁun,an
out put 68. The polarity control signal is automatically genarawmeds each
bit, as will be explained later. By changing the polarity of the converted
datastream additional frequency 20 conponents occur at the boundary where
the polarity inversion occurs. During this nonent, the AGC circuit 4 and

the sl opej equal i ze{ppatatustof ridmitting bdighal infoomadion stgnal eiata teasrission  The
polarity control signal generator circuit generates the polarity control
si gnal p[®Bedigm¢ thg IPPHRUBCHPPIME gi nal i nformati on words and the resul ting

I9-bit chan;ggg,t,“?ﬁ,gi%,ﬁ,e%mhﬁmf il hﬁ&frxﬁtiéd figral,| npu'([j 64 Lor recei \d/i ng at
east one bit of each of the 8-bit informat]an rds .and a,secon 5 input
66 1 or 1 cTaIDIG GUERESRRATS JFT oAl ERCOURE fheHEIR EMOETafion SRGAL .55 MPin

Fi gures6 $Rgihel BRckied ifofindtion digRdll ari ty control signal generator circuit

62, identified_by the reference nuper 62! . .The generator circuit 62
conpri ses™ PHIPYIHRE mEans fAT PUPULIpE the & W?{rﬁ"ﬁ?deﬂﬁﬁ‘{gfrﬁq?&"gﬂﬂrt 70 and 72. The

nul ti pli eghe $hdrinel’éhcbdiRg triehss bedipChrovidawith mearissfof festrictnpeardéaspth iepgthi of st
(LSB) bit and the fourth bit of B‘fa'gw I é-bi t information word. The 30
out put of datpatemstin she ehanpglepcoded | Pt digpal ghat, BivE Fis¢ UPONfEcePlen 1of,

mul tipli e%i%ﬁh'l‘%tﬂa% gﬁn%r-ﬂé? sSRaAdlyl e frequehéyScompohéntlat £ frequengy f/Mwhére
recei ves e fi

. it of each (n-1)-bit informtion rd. The ner at or

ci rcuil® cMhis/andweser oyt {HET than ¢ p Eﬁé? “E?iqﬂ"c’{']?qc“gmiyrf" \tﬁPOfecq‘FWEf'lfgg ltiplier

units 74 gfstmaflon dipsaiout put of the nultiplier unit 72 is coupled to a first

| nputof Apparatus as claimed in claim 1, wherein M=3.

3. Apparatus as claimed in claim | or 2, the means for restricting being adapted to

restrict the length of data patterns in the channel encoded information signal that give rise

15 upon reception to a signal that comprises substantially a single frequency component at fi,/4.
4. Apparatus as claimed in claim 1, 2 or 3, wherein the means for restricting are
adapted to restrict at least the length of data patterns in the channel encoded information
signal that give rise upon teception to a signal that comprises substantially a single frequency
component at f,/N, where N is an integer conslant larger than 4.

20 5. Apparatus as claimed in claim 1, for recording the digital information signal in
a track on a record carrier, the outputting means being adapted to write the channel encoded
information signal in the track of said record carrier, the means for restricting being adapted
to restrict at least the length of data patterns in the channel encoded information signal that
give rise upon replay to a signal that éomprises substantially a single frequency component at

25 a frequency f,/M, where M is an integer constant larger than 2 and f,, is the bit frequency in
the channel encoded information signal.

6. Converter apparatus for converting an (n-1)-bit information word into an n-bit
converted word, where (n-1) is an even integer number, the converter apparatus comprising

- n-1 terminals (42.1-42.8) for receiving the (n-1)-bit information word.
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out put 68 of the generator circuit 62'. The input 66 of the genera{‘tors *
circuit 82" is coupled to a first input of the multiplier unit 76, via a
delay circuit 78. An output of the multiplier unit 76 is coupled to a
.second i nput owodsmissal tiplier unit 74. A second input of thepouigotAgerer
unit 76 receives a '-1'" signal. 5 1 The last bit of the
presently converted 9-bit word is suppli edSto the input 66 and del ayed in

the del ay U“'J%ZI na\e%bﬁmﬁdm;& ms%f-x@b),%c%m;hﬁsmhwow m&tinelan%hemal

generated b e-generator circuit 62' results’in a restriction of th

runl engt h of- raoutpyt esminals @F ristef)Jeruprlying sbs ekt gomertad ¥Prdia. I n the
described enbodi ment yafi f kG ﬁtz f tbexhgc@ﬂﬁ’édrlo@ﬁesﬁﬁ?gl pllGHithd @ bngl tal 10
signals in the CII‘CUIt are in notation. The circuit of figure 6
can be nodi feombingtioraenit GGdBoi!IGMP“ﬁP@Wb’& iss¢ayplgd &0 the it eutpyigerminal (44. Haefy
notation £0, realized by replacing the nmultiplier units by
EXNOR™ ci r‘éw‘#éco" %Jm?hgf sllg?uation, a signal '0'" should be applied to the
second input of the thei(h-173-th wipinal @214 being coupledrtalthe setondrinpitiof shelfp-3FRARS

t he signal t | RPAt Id be a
"1" signal. sf)gtn wAéhgemng{Jﬁgﬁ taf%g‘td,l%gg&@gi(%gﬁg%%g%géﬁ%@rlf(t yaconft?éjol

si gnal genercatwarter apparaguspossi bl e to real i ze other constraints for the
signal to be recorde rded
is DC free. An 'opti qrriﬁrﬂ%&%p arl Sl E;‘h% g“tggg’rea aélﬁéaanpgégglgd;bl e
of suppré@smqgntaftheﬁﬁhslhaalctamhmmtlmrtns gi ven above having a | ength of at

| east 9 data al s n e \V fQJ) owi ng equation: [err]
where the od}%ﬁgﬁ“d&‘ﬁ%ﬁ?ﬂgﬁégfﬁa °§§‘g§3|‘§1‘%" }tzhe ".'" and '+' denote

| ogi cal AND and OR the j-th terminal (42.8) being coupled to the first input of the (j-2)-nd signal

combination unit (46.6), an output of which is coupled to the (j+1)-st output terminal (44.9)

of the converter apparatus,

15 the (n+1)/2-th terminal (42.5) being coupled to the second input of the (n-1)/2-
th signal combination unit (46.4) as well as to the (n+3)/2-th output terminal (44.6) of the
converter apparatus,

the output of (j-2)-nd signal combination unit being coupled to the second input
of the (§-1)-st signal combination unit,

20 j bemg an integer variable for which holds (n+3)/2<j<n-1,

the (n+ 1)/2-th output terminal (44.5) of the converter apparatus bemg coupled
to a point of constant potential. _
7. Converter apparatus for convefting an (n-1)-bit information word into an n-bit
converted word, where n is an integer number, the converter apparatus comprising

25 - n-1 terminals (42.1-42.8) for receiving the (n-1)-bit information word,

- n-2 signal combination units, each having first and second inputs and an output,
- n output terminals (44.1-44.9) for supplying the n-ﬁit converted word,

the i-th terminal (42.1) being coupled to the first input of the i-th signal
combination unit (46.1), an output of which is coupled to the i-th output terminal of the

30 converter apparatus,

the (i+1)-st terminal (42.4) being coupled to the second input of the i-th signal
combination unit,

i being an integer variable for which holds 1 <i<(n-2),

one further output terminal of the converter apparatus being coupled to a point



25 operations, respectively. This expression assunes that the underly| ng
guantities have first been recast in the logic notation t o
the mapping '-1'[err]'1 and '+1'[err]' 0. After havi n“lmml ﬂlﬂﬂﬂ _
gquantity t[err] obtained into the notation {-1,1}, the acity conis o f
signal P[err] can now be obtained from 30 WO 98/01859

PCT/ | B97/ 006w ogBisker r] where the '.' synbols now nean real pgiiorigdgrsat i ons
in the sense as described with referencpeto the figures 4 and 6. Wilst the
i nvention has been described with reference to preferred enbodi nents
thereof M dn?taﬁ%o g #lnderstood that these are not limtative exanples.

Thus, vari ous | cations nmay becone apparent to those skilled in the
art, wi t h8ut depar@unngtdrrapmthseas;daip@dom claime 6j arvie whersin n gauale?. ned in the

claine. Ag an XaEGend dpftiiROL CRAA iflSifh ksbe%rrse%&entxmfglsﬁgg@eng and

reproduc 95|tuat|ons magnettc or optical arlier,
the i nvenappamtussfuehpn&bm;msee Ialselaqimaradiamwmrtfﬁ'alnsmsmubﬁ& grd ariputpytsch as

o oot e g oROL ki e FQ) chfra g " =
98/ 01859 parailel form, each of the n-1 outputs of the serial parailel converter being (@ipledBO A/ 00673 13
corresponding terminal of the n-1 terminals of the converter apparatus.
10. Channel encoder for channel encoding (n-1)-bit information words into n-bit
channel words, the channel encoder comprising the converter apparatus as claimed in claim

10 6, 7, 8 or 9, the channel encoder further comprising
- polarity inversion means (60) for inverting the polarity of the n-bit converted words
supplied by the converter apparatus in response to a polarity control signal (p,,),

- polarity control signal generator means (62) for generating said polarity control signal,
- output means for supplying the n-bit channel words.

15 1L Channel encoder as claimed in claim 10, the polarity control signal generator
means being adapted to generate said polarity control signal in response to the information
words supplied to the converter apparatus and the channel words generated by the polarity
inversion means. '

12. Channel encoder as claimed in claim 11, the polarity control signal generator

20 means being adapted to generate said polarity control signal in such a way that the
datastream of channel words is devoid of data sequences having a single frequency
component which is equal to f,/M, and which exceed a predeterinined time interval, where
M is an integer constant larger than 2 and f}, is the bit frequency in the channel encoded
information signal.

25 13. Channel encoder as claimed in claim 10, 11 or 12, wherein n=9, the polarity
control signal generator means comprising
- first input means (64) for receiving the 8-bit information words,

- - second input means (66) for receiving the 9-bit channel words,
- output means (68) for supplying the polarity control signal,

30 - first signal combination means (70) having first and second inputs coupled to the input
means and an output,

- second signal combination means (72) having a first input coupled to the output of the first
signal combination means, a second input coupled to the input means and an output,

- third signal combination means (74) having a first input coupled to the output of the second
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i nput meang, far S%E{!]Y'hﬂgf&encocﬂn %aﬁ@f@&n@?h{ﬁi‘e ia 04N an outp%bgﬂ@fedso as to

encodi ng neans ormat | on*si
obtain 3 d)e(sbmndeﬁpuenf:mﬁehird sifnad mblmuonugpaas - out puttl ng nmeans for

O e o S ol b PR serd I8 R R o o
patterns |cart1¢1e thehapparatus eompdsng | nf or mat i on signal that give rise upon
ggﬁgg;;ﬁ? ;@pgt %%aglgg‘grn}é‘pyeq\tnr%?ﬁ‘%ﬁ?s sub énag}érlm?l |y a single frequency
- the channel encoder as claimed in anyone of the claims 10 to 13, so as to obtain a channel
10 encoded information signal,
- writing means for writing the channel encoded information signal in the track on the record
carrier,
15. Reconverter apparatus for reconverting an n-bit converted information word into
an (n-1)-bit reconverted information word, where n is an integer number, the reconverter
15 apparatus comprising |
- n input terminals (52.1-52.9) for 'receiving the n-bit con\.ferted information word,
- n-1 signal combination units (54.1-54.8), each having first and second inputs and an output,
- n-1 terminals (58.1-58.8) for supplying the (n-1)-bit reconverted word,
the i-th input terminal (52.1) being coupled to the first input of the i-th signal
20 combination unit (54.1), an output of which is coupled to the i-th terminal (58.1) of the
reconverter apparatus,
the (i+1)-th input terminal being coupled to the second input of the i-th signal
combination unit,
i being an integer variable for which holds 1 <i<(n-1).
25 16 Reconverter apparatus as claimed in claim 15, wherein n equals 9.

17. Reconverter apparatus as claimed in claim 15 or 16, wherein the reconverter

apparatus further comprises a parallel-serial converter having n-1 inputs (58.1-58.8) and one

output (60) for converting (n-1)-bit reconverted information words supplied to the n-1 inputs
30 in parallel form into serial form, each of the n-1 inputs of the paraliel-serial converter being

coupied to a corresponding terminal of the n-1 terminals of the reconverter apparatus.

18. Method for transmitting a digital information signal via a transmission medium,

the method comprising the steps of:

- receiving the digital information signal,



100 M its an integer constant larger than 2 and f[err] 75 the bit frequency
in the channel encoded information signal. 2. )| ed
inclaiml, wherein M=3. 3. Appar atus as cl ai !" IW‘HH“‘ 2,
the means for restricting being adapted to restrict the kength ofr d&ta*
patterns in the channel encoded information signal that give rise 15 wupon
recepti on towoosh@erl that conpri ses substantially a singl epdungstiipeny
conponent at flerr]/4. 4. algat us as claimed in claiml1, 2 or 3,
wherein the neans for restricting are agapted to restrict at |east the
length of &gahﬁ‘e 1 Rildafile flﬁeu umﬁ ﬁnﬁm% nSo0R 86 obiny SthiePencdligtnal that give
ri se upon’ eptlon onprlses substantirally a single
frequencymﬁm'manmengnab.t f[err]/N where N is an integer constant |arger than
4. 20 5. ' by claiml, for recording the
digital mf"é‘?‘h‘ﬁﬁ gﬁ%?@ng%n%ﬁ%eﬁgn@;ﬂtgﬁ% a'record carrier, the outputting
means belmgcadmptmodmgmptmprimgdhasubeﬂepoﬁmmdng nfbasnﬂlenmﬂsbfghm in the

track said record c [ to
eatri o HAueeEC b clhd shfocs) WirRARE sl e v, £ bhilp refleRl GiRhal

i nf or mat i ehichiigeqial oM gvhere M isamdpmgerrcepﬂmy largerahani 2)and fy tihtke bitonpri ses
substantially a sipgle freque at 25 a frequency flerr]/M
where M i M“F%i“éﬁ%?““&‘ﬂﬂs‘ﬁ%%?ﬂ“{ :oq ﬁgé?IZ and f[err] is the bit
frequencyi$.n t he cMethodhs elammdéniclhini o8,fot mmdnigghainfomanon signal in a Gackverter

conver t eaobareoR Rt (. Afirlie Heodylner FeieBhe S aBbee otk lndipide

appar atmsmdafinkimgnon signhl incthertrack en (Mxecbrdd&rﬂér for receiving the

(n-1)-bit information word, WD 98/ 01859
PCT/ 1 B97/ 00673 15 - n-3 signal conbination units (46.1-46.6), each having
first and second inputs and an output, - n output termnals (44.1-44.9) for

supplying the n-bit converted word.



the‘t-th termnal (42.1) being coupled to the first input of the i-th
signal. conbination unit (46.1), an output of which is coupled to the i-th
output termnal (44.1) of 5 the converter apparatus, the (n-1)/2-th
termnal (42.4) being coupled to the second input of the (n-3)/2-th signal
conmbi.nation unit (46.3) as well as to the (n-1)/2-th output ter&%ﬁ@hﬁ§44.4)
of the conver W@ %ME¥ at us, the output of the (i+ 1)-th sign tion
unit being coupled to the second 10 input of the i-th signal conbination
unit, i being an integer variable for wfi h holds 1[err] (n-3)/2, the j-th
termnal (42.8) being coupled to the fi ,é i nput of the (j-2)-nd signal
conbi nation unit (46.6), an output of which is coupled to the (j+ 1)-st
output termnal (44.9) of the converter apparatus, 15 the (n +
1)/2-th termnal (42.5) being coupled to the second input of the (n-1)/2-
th signal conbination unit (46.4) as well as to the (n+3)/2-th out put
termnal (44.6) of the converter apparatus, the output of 0-2)-nd signal
conbi nation unit being coupled to the second input of the (j-1)-st signal
conbination unit, 20 | being an integer variable for which holds (n+3)/2
[err] j [err] n-1, the (n+ 1)/2-fh output termnal (44. %h of the converter

appar at us bei ng pﬂed to a p0| t ofqgconst g t pot qgtl al
Converter apparwsige CONV Er grmimbiigii : wmrd 2hto an
n-bit converted wqrd; en ft er japparat us
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oupled to the

conprising 25 -
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36 converter apparatus, the (i + 1)-st termnal (42.4) being coupled to the

second.input of the i-th signal conbination unit, i being an integer
variable for which holds 1 [err] i [err](n-2), one further output term nal
of the converter apparatus being coupled to a point WO 98/ 01859

PCT/ 1.B97/ 00673 16 of constant potential. 8. Converter apparatus as
claimed in cl VAY0EF® 7 wherein n equals 9. 9. Conv UM, at us

as claimed in claim6, 7 or 8 wherein the converter apparatus further
conprises a serial-parallel converter Qaz ng an input (32) and n-1 outputs
5 for converting (n-1)-bit information Ads supplied to the input (32) in
serial forminto parallel form each of the n-1 outputs of the serial
paral | el converter being coupled3zo a corresponding terminal of the n-1
termnals of the converter apparajus. 10. Cﬁan encoder for ,
channel encoding (n-1)-bit i : words into o hannel words, the

channel encoder conp ar as {clainmed in claim 10
6, 7, 8 or 9, the cha Q %i } g pol arity inversion
means (60) for inve@,ing t Ne -pet-e , 6the n- bi syt ed words supplied
by the converter apparatus in response to a polasgty . rol signal

(p[err]), - polarity control signal generator neans (62) for generating
said polarity control signal, - output neans for supplying the n-bit
channel words. 15 11. ChanneEJTE er as clainmed in claim10, the
polarity control signal generator @indg adapted to generate said
polarity control signal in response to the information words supplied to
the converter apparatus and the channel words generated by the polarity
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i-nversi on neans. 12. Channel encoder as clainmed in claim11l, the

pol ariity control signal generator 20 neans being adapted to generate said
polarity control signal in such a way that the datastream of channel words
is devoid of data sequences having a single frequency conponent which is
equal to f[err]/M and which exceed a predetermined tinme interval, where M
is an integerWOdBOI8sNt | arger than 2 and f[err], is the bit PFEEIEEP in

t he channel encoded information signal. 25 13. Channel encoder as
claimed in claim210, 11 or 12, wherein , the polarity control signal
generator neans conprising - first inp ans (64) for receiving the 8-bit
i nformati on words, - second input neans (66) for receiving the 9-bit
channel words, - output means (68) for supplying the polarity control
signal, 30 - first signal conbination neans (70) having fir and second

i nputs coupl.ed to the input neans and an output, - second s?%ﬁal

conbi nation nmeans (72) having a first input coupled to the geyput of the
first signal conbination nmeans, a second iggut coupled to t i nput mneans
and an output. - third signal conbination ans (74) having first input
coupled to the output of_the second __ _\ 8/01859 _ _ _ _ _ _
PCT/ 1 B97/ 00673 17 signEI combi nation nmeang, a second i1 nput and an out put
which is coupled to the out pd neans (6§) - fourth signal conbination
means (76) havingcg_LList i nput coupl ed "t the second input -nmgans, a second

i nput for receivi®™a ki gn’El of constant jotential and ? out gut coupled to
ne.

5 the second input offthefthird signal gsnbination nea
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477 ¢ Apparatus for recording a digital information signal in a track
on a.record carrier, the apparatus-conprising - input neans for receiving
the-digital information signal, - the channel encoder as clained in anyone
of the clainms 10 to 13, so as to obtain a channel 10 encoded information
sigral, - witing means for witing the channel encoded information signal
in the trackworsswisserecord carrier, 15. Reconver t erPGEHBOT/6T3s f or
reconverting an n-bit converted information word into an (n-1)-bit
reconverted informati on word, where n,ig, an i nteger nunber, the reconverter
15 apparatus conprising - n input td4 4mﬂs (52.1-52.9) for receiving the
n-bit converted information word, - n-1 signal conbination units
(54.1-54.8), each having first and second i nputs and an output, - n-1
termnals (58.1-58.8) for supplying the (n: k) bit recgnverted word, the
i-th |nputin§rnnal (52.1) being coupled td%t he first ' nput of the i-th

si gnal , \I oNn Qg t (54 1), an outt o Iy s¢ led to the
|-thtermnal 58 B émm’ 943 h i nput

si gnal ‘%ﬂ)l nation

holds 1 [err] i [er (n- 1).

term nal being coupl ed to the ,
unit, i being anim teeF8m'h$' e for whic

25 16. nverter ar ajus ,as clal med in claim15, wherein n
equal s 9. 17. Regfgpqlerter ; 2 7"(:I aimed in @m@imi15 or 16,
wherein the reséonver 73 et—=@eri al
converter having n-1 |nputs (58 1-58. 0 one out put (60) forlconverting
(n-1)-bit reconverted information w;FE@ &plledtothenlln s 30 in
parallel forminto serial form eac « n-1 inputs of the

paral |l el -serial converter being coupled to a corresponding term nal of the

n-1 terminals of the reconverter apparatus. 18. Met hod for
transmtti ng_éQ' igital information signal via a transm ssion nmedium the
met hod conprisin hq—st-e-ps—e.f.,--f ___________ 1 441
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- receiving the digital information signal, cr
channel encoding the digital information S|gn§P §o“ﬁ§°
encoded i nformation signal, - outputting the channel

encoded. i nformati on signal, the channel encodlng step conprisi nggh
iPRA he
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to obtal n-a channel
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of restricting at least the length

encoded | tion siygRa nladruliomsmirySorBiE bl equenc
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