
WO 98/01859
PCT/IB97/00673 Transmission, recording and reproduction of a digital
information signal. The invention relates to an apparatus for transmitting
a digital information signal via a transmission medium, to an apparatus for
recording the digital information signal in a track on a record carrier, to
a converter apparatus for converting an (n-1)-bit information word into an
n-bit converted word, to a channel encoder for channel encoding 5
(n-I)-bit information words into n-bit channel words, the channel encoder
comprising the converter apparatus, and to a reconverter apparatus for
reconverting an n-bit converted information word into an (n-1)-bit
reconverted information word. Further, the invention relates to a method
for transmitting. 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, document D1 in the list of related documents that can
be found at the end of the specification. A further document related to the
subject of recording of runlength 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,    WO 98/01859
PCT/IB97/00673 2 - channel encoding means for channel encoding the digital
information signal so as to obtain a channel encoded information signal, -
outputting means for outputting the channel encoded information signal, the
channel encoding means being provided with means for restricting at least
the length of 5  data patterns in the channel encoded information signal
that give rise upon reception to a signal that comprises substantially a
single frequency component at a frequency f[err]/M, where M is an integer
constant larger than 2 and f[err] is the bit frequency in the channel
encoded information signal. The invention is based on the following
recognition. Run-length-limited (RLL) 10  modulation codes are widely
applied in digital transmission and recording systems. They introduce one
or more run-length constraints in the encoded data stream. A case 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 becomes 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  k2
constraint that limits the maximum run-length of Nyquist-rate patterns to
k[err]+ 1 symbol intervals. The k[err] 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 k2 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    WO 98/01859
PCT/IB97/00673 3 priori uncertain and for this reason the slope equalizer
must be adaptive. Variations of the gain of the channel are compensated for
via an AGC circuit, while the slope equalizer compensates for unbalances
between low and high frequencies. In order to be able to jointly determine
the gain and slope, 5  the received signal must contain at least two
distinct frequency components. If the transmitted data has only a single
component within the pass-band of the channel for a prolonged period of
time then AGC and slope equalizer may misconverge. To avoid this anomaly,
the maximum run-length of data patterns that give rise to such a component
is 



limited. 10             Practical transmission and recording systems always
include one or more AC-couplings and tend to have little excess bandwidth.
Their pass-band can, therefore, be considered to range from DC to the
Nyquist frequency with both edge frequencies excluded. Preferably, all data
patterns that have at most a single 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, a
modulation code is proposed that introduces constraints on one or more of
those data patterns in the sense that their length should 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 normally present in the
reproducing apparatus, figure 3 shows a recording apparatus in accordance
with the invention, provided with a channel encoder,   



WO 98/01859
PCT/IB97/00673 4 figure 3a shows a further elaboration of the apparatus of
figure 3, figure 4 shows an example of an 8-to-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
original 8-bit words, 5              figure 5 shows the channel encoder
provided with the converter unit of figure 4 and a corresponding channel
decoder, figure 6 shows an example of the polarity control signal generator
used in the channel encoder of figure 5, and figure 7 another embodiment of
the converter unit in the channel encoder. 10 A reproducing apparatus for
reproducing a digital 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 from 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[err] to a control signal
output 26 and for supplying a second control signal s[err] 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[err] controls the setting 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[err] controls the setting of the slope equalizer in
the equalizer circuit 12.    WO 98/01859
PCT/IB97/00673 5 The first and second control signals s[err] and s[err] can
be derived in a well known way. Reference is made in this respect to the
IEEE Transactions publication of Cherubini, document D5 in the list of
related documents. The functioning of the automatic gain control circuit 4
and the slope equalizer 5   circuit 12 will be further explained with
reference to figure 2. In response to the first control signal s[err], the
AGC circuit 4 realizes an amplification on the signal applied to its input
which is frequency independent. This shown in figure 2 by means of the two
lines A[err] and A[err], indicating two amplification factors A[err] and
A[err] respectively in response to two different control signal values for
the control signal s[err]. In response to the second control signal s[err],
the 10  equalizer circuit 12 realizes a frequency dependent amplification
on the signal applied to its input. This is shown in figure 2 by means of
the two lines F[err] and F[err], indicating two different filter
characteristics F[err] and F[err] respectively in response to two different
control 



signal values for the control signal s[err]. In response to the signal read
from the 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 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
form 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[err]/3, where f[err]
is the bitfrequency of the 30  information signal, which equals 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[err]/4, which equals
114T, and the last pattern leads to an analog signal upon reproduction
having a single frequency component at the frequency value f[err]/6, which
equals 1/6T.    WO 98/01859
PCT/IB97/00673 6 It should be noted that eg. the 3T pattern also has a peak
in the frequency 



spectrum at DC. The transmission channel (eg. the recording-reproduction
path is however not conducting for this frequency. In the same way, some of
the patterns given above exhibit a peak in the frequency spectrum at the
Nyquist frequency (which is 1/2T). But in general, 5  the transmission
channel is also not conducting for the Nyquist frequency. As a consequence,
the reproduced analog signal is generally devoid of a frequency peak at DC
and the Nyquist frequency. Suppose that, for a multi frequency component
signal read from the record carrier, the bit detector circuit generates
control signals s[err] and s[err] such that the AGC circuit 10  is set to
the value A[err] and the slope equalizer is set to the curve F2. This
results in the frequency dependent amplification factor A[err].F[err],
which means a certain amplification factor M(f[err]) at the frequency value
f[err]. Suppose now that the contents of this signal changed into a single
component signal having the frequency f[err]. The amplification factor
M(f[err]) is the correct amplification factor for this signal. 15
Suppose now that A[err].F2 would be equal to A2.F[err]. In this situation,
assuming that a single component signal having the frequency component
f[err] is reproduced, control signals could be generated leading to the AGC
circuit being set to the value A2 and the slope equalizer being set to the
curve F[err], again leading to the amplification factor M(f[err]), 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 reproduction, 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 stream 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 coupled
to an    WO 98/01859
PCT/IB97/00673 7 input 32 of a channel encoder circuit 34, which has an
output 36 for supplying a channel encoded digital information signal to a
write unit, which is in the present situation in the form of a magnetic
write head 38, for writing the channel encoded digital information signal
onto the record carrier 2, which may be a harddisk. 5              The
channel encoder encodes the digital information signal in such a way that
it is suitable for recording on the record carrier. Various constraints
should be satisfied by the channel encoded information signal. One of such
constraints is the k-constraint, indicating that the channel encoded
information signal include at most k+ 1 'ones' or 'zeroes' after each other
in the data sequence. Such constraint is necessary in order to realize a
sufficient 10  bitclock recovery during reproduction of the recorded
information signal, and also in order to realize a 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
apparatus 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 length of the
sequence 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 patterns 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    WO 98/01859
PCT/IB97/00673 8 and discussed with reference to figure 5. Figure 4 shows a
bytewise converter 40 in which 8- bit information words are converted into
9-bit converted words. The input 32 of the converter 40 is coupled to a
serial-parallel converter 41 which has, in the present example, eight
outputs 42.1 to 42.8 to supply the bits a[err] to a[err] respectively of
subsequent 8-bit 



5  information 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 terminal supplying a '1' bit. Further, the
outputs 42.4 and 42.5 of the serial-parallel converter 40 are directly
coupled to the outputs 44.4 and 44.6 respectively of the converter 40. The
converter 40 is further provided with six multiplier units 46.1 to 46.6.
Output 42.1 10  is coupled to a corresponding input of the multiplier unit
46. 1, an output of which is coupled to the output 44.1 of the converter
40. Output 42.2 is coupled to a corresponding input of the EXOR gate 46.2,
an output of which is coupled to the output 44.2 of the converter 40, as
well as to a second input of the EXOR gate 46.1. Outputs 42.3 and 42.4 are
coupled to corresponding inputs of the multiplier unit 46.3, an output of
which is coupled to the output 15  44.3 of the converter 40, as well as to
a second input of the multiplier unit 46.2. Outputs 42.5 and 42.6 are
coupled to corresponding inputs of the multiplier unit 46.4, an output of
which is coupled to the output 44.7 of the converter 40, as well as to a
corresponding 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 b[err]....,b[err] 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 coupled to corresponding inputs of the multiplier unit 54.1,
an output of which is coupled to the input 58.1 of the parallel-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 multiplier unit 54.3, an output of which 



is coupled to the input 58.3 of the parallel-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    WO
98/01859
PCT/IB97/00673 9 corresponding inputs of the multiplier unit 54.5, an
output of which is coupled to the input 58.5 of the parallel-serial
converter 56. Inputs 52.6 and 52.7 are coupled to corresponding inputs of
the multiplier unit gate 54.6, an output of which is coupled to the input
58.6 of the parallel-serial converter 56. Inputs 52.7 and 52.8 are coupled
to corresponding inputs of the 5  multiplier unit 54.7, an output of which
is coupled to the input 58.7 of the parallel-serial converter 56. Inputs
52.8 and 52.9 are coupled to corresponding inputs of the multiplier unit
54.8, an output of which is coupled to the input 58.8 of the
parallel-serial converter 56. The parallel-serial converter 56 converts the
8-bit parallel words supplied to its inputs into a serial data sequence of
the 8-bit reconverted words. The reconverted 8-bit words are identical 10
to the original 8-bit words supplied to the input 32. The key property of
the reconverter 50 is its polarity-insensitivity, in the sense that a 9-bit
converted word, as well as its corresponding in polarity inverted 9-bit
word is reconverted by the reconverter 50 into the same 8-bit information
word. Further, the converter-reconverter combination as described 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-to-9 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    WO 98/01859
PCT/IB97/00673 10 should be used. Figure 7 shows another embodiment of the
converter unit, denoted 40'. This converter unit 40' can also be used in
cooperation with the reconverter unit 50. Because of the fact that the
constant value '1' is now applied to the terminal 44. 1, one further
multiplier 5 unit is present in the converter unit 40'. No further
explanation of the converter unit 40' is required after the extensive
explanation of the converter unit 40 of figure 4. It should further be
noted that various other embodiments of the converter unit are possible,
where the '1' 



value is applied to an other output terminal of the converter unit. Figure
5 shows an example of the channel encoder 34 of figure 3 for encoding 10
the information 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 denoted by the reference numeral 34' and 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[err]. Further, a control signal generator 62 is provided for generating
the polarity control signal P[err] and supplying the signal p[err] 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[err] from the 8-bit original information words and the resulting
9-bit channel words and therefore has a 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-l)-bit information word. The 30
output of the multiplier 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-l)-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 



WO 98/01859
PCT/IB97/00673 the multiplier unit 74, an output of which is coupled to the
output 68 of the generator circuit 62'. The input 66 of the generator
circuit 62' 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 input of the multiplier unit 74. A second input of the multiplier
unit 76 receives a '-1' signal. 5              The last bit of the
presently converted 9-bit word is supplied to the input 66 and delayed in
the delay unit 78 over a time interval of 9T. The polarity control signal
generated by the generator circuit 62' results in a restriction of the
runlength of all the patterns discussed above to at most 14. In the
described embodiment of figure 6, it is again assumed that the digital 10
signals in the circuit are in the {-1.1} notation. The circuit of figure 6
can be modified so as to process digital signals in the 'normal' binary
notation {0,1}. This can be realized by replacing the multiplier units by
EXNOR circuits. In that situation, a signal '0' should be applied to the
second input of the unit 76. When replacing the multiplier units by EXORs,
the signal to be applied to the 15  second input of the unit 76 should be a
'1' signal. It should be noted that, by using another polarity control
signal generator, it is possible to realize other constraints for the
signal to be recorded, such as a requirement that the signal to be recorded
is DC free. An 'optimum' polarity control signal generator that is capable
of suppressing all 20 the data patterns given above having a length of at
least 9 datasymbols, can be expressed by the following equation: [err]
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'[err]'1' and '+1'[err]'0'. After having reconverted the
quantity t[err] obtained into the notation {-1,1}, the polarity control
signal P[err] can now be obtained from: 30    WO 98/01859
PCT/IB97/00673 12 [err] where the '.' symbols now mean real multiplications
in the sense as described with reference to the figures 4 and 6. Whilst the
invention has been described with reference to preferred embodiments
thereof, it is to be understood that these are not limitative examples.
Thus, 5  various modifications may become apparent to those skilled in the
art, without departing from the scope of the invention, as defined in the
claims. As an example, all embodiments described relate to recording and
reproducing situations, either magnetic or optical. As explained earlier,
the invention is equally well applicable in transmission systems, such as
broadcast systems. 10             Further, the invention lies in each and
every novel feature or combination of features, as herein disclosed.    WO
98/01859                                                  PCT/IB97/00673 13



List of related documents (D1)       USP 5,142,421 (PHN 13.537) (D2)
IEEE Journal of selected areas in communications, Vol. 10, no. 1, Jan.
1992, 5             pp. 38-56, R.D. Cideciyan et al, 'A PRML system for
digital magnetic recording'. (D3)       USP 5,469,462 (PHN 14.147) (D4)
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no. 6, June 1996, pp. 675-685, G. 10             Cherubini et al, 'Adaptive
analog- equalization and receiver front-end control for multilevel
partial-response transmission over metallic cables'. (D6)       Electronics
letters, May 1965, Vol. 1, no. 3, R.O. Carter, 'Low-disparity binary coding
system'.    WO 98/01859
PCT/IB97/00673 14 CLAIMS 1.         Apparatus for transmitting a digital
information signal via a transmission medium, the apparatus comprising -
input means for receiving the digital information signal, - channel
encoding means for channel encoding the digital information signal so as to
obtain 5  a channel encoded information signal, - outputting means for
outputting the channel encoded information signal, the channel encoding
means being provided with means for restricting at least the length of data
patterns in the channel encoded information signal that give rise upon
reception to a signal that comprises substantially a single frequency
component at a frequency f[err]/M, where 



10  M is an integer constant larger than 2 and f[err] is the bit frequency
in the channel encoded information signal. 2.          Apparatus as claimed
in claim 1, wherein M=3. 3.          Apparatus as claimed in claim I 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 f[err]/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 reception to a signal that comprises substantially a single
frequency component at f[err]/N, where N is an integer constant 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 comprises
substantially a single frequency component at 25  a frequency f[err]/M,
where M is an integer constant larger than 2 and f[err] 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,    WO 98/01859
PCT/IB97/00673 15 - n-3 signal combination units (46.1-46.6), each having
first and second inputs and an output, - n output terminals (44.1-44.9) for
supplying the n-bit 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 (44.1) of 5  the converter apparatus, the (n-1)/2-th
terminal (42.4) being coupled to the second input of the (n-3)/2-th signal
combination unit (46.3) as well as to the (n-1)/2-th output terminal (44.4)
of the converter apparatus, the output of the (i+ 1)-th signal combination
unit being coupled to the second 10 input of the i-th signal combination
unit, i being an integer variable for which holds 1[err] (n-3)/2, 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 0-2)-nd signal
combination unit being coupled to the second input of the (j-1)-st signal
combination unit, 20  j being an integer variable for which holds (n+3)/2
[err] j [err] n-1, the (n+ 1)/2-th output terminal (44.5) of the converter
apparatus being coupled to a point of constant potential. 7.
Converter apparatus for converting 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-bit 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 [err] i [err](n-2), one further output terminal
of the converter apparatus being coupled to a point    WO 98/01859
PCT/IB97/00673 16 of constant potential. 8.         Converter apparatus as
claimed in claim 6 or 7, wherein n equals 9. 9.         Converter apparatus
as claimed in claim 6, 7 or 8, wherein the converter apparatus further
comprises a serial-parallel converter having an input (32) and n-1 outputs
5 for converting (n-1)-bit information words supplied to the input (32) in
serial form into parallel form, each of the n-1 outputs of the serial
parallel converter being coupled to a 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[err]), - polarity control signal generator means (62) for generating
said polarity control signal, - output means for supplying the n-bit
channel words. 15  11.         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[err]/M, and which exceed a predetermined time interval, where M
is an integer constant larger than 2 and f[err], 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    WO 98/01859
PCT/IB97/00673 17 signal combination means, a second input and an output
which is coupled to the output means (68), - fourth signal combination
means (76) having a first input coupled to the second input means, a second
input for receiving a signal of constant potential and an output coupled to
5  the second input of the third signal combination means. 



14.         Apparatus for recording a digital information signal in a track
on a record carrier, the apparatus comprising - input means for receiving
the digital information signal, - 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 converted 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-l)-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+ I )-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 [err] i [err] (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
parallel-serial converter being coupled 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,    WO 98/01859
PCT/IB97/00673 18 - channel encoding the digital information signal so as
to obtain a channel encoded information signal, - outputting the channel
encoded information signal, the channel encoding step comprising the
substep of restricting at least the length of data 5  sequences in the
channel encoded information signal that have a single frequency component
which is equal to f[err]/M, where M is an integer constant larger than 2
and f[err] is the bit frequency in the channel encoded information signal.
19.        Method as claimed in claim 18, for recording the information
signal in a track on a record carrier, the outputting step further
comprising the substep of writing the channel 10 encoded information signal
in the track on the record carrier.    


