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@ Device for recording a digital information signal on a record carrier.

@ For recording n-bit information words on a mag-
netic record carrier (101), an 1-bit digital word is
affixed to these information words. The (n+1)-bit
digital information words are then encoded in an aT
precoder (10) into (n+1)-bit channel words (CW)
under which they are recorded on the record carrier.

Each time 1-bit digital words are affixed, so that
the running digita! sum value in the output signal of

the precoder shows a desired behaviour as a func-
tion of time. For example, a pilot signal can be
inserted into the channel word data stream, which
pilot signal may be used to realise tracking during
reproduction.

For n, a the foliowing holds: a 2 2 and n 2 1.
Preferably, n > > m, for example n 2 10.
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di f f chanpgl wordss pyaq;ria nymchmerea’_wtedetsabd! for that the encoding device further includes control
which holds m 2 1 and n > m, comprising signal generating means, in that the control signal
- an input terminal for receiving the n-bit in- generating means is arranged for receiving the
formation words, (n+1)-bit channel words from the aT precoder and
- an encoding device having an input coupled 70  for deriving a control signal from the (n+1)-bit
to the input terminal and having an output, channel words, and in that the signal affixing
which encoding device comprises an aT means is arranged for affixing a 1-bit digital word to
precoder, a being an integer greater than or an n-bit information word in response to this control
equal to two, which encoding device is ar- signal, so that the running digital sum value in the
ranged for converting the n-bit information 15  output signal of the precoder plotted against time
words into the (n+m)-bit channel words and shows a behaviour according to a desired pattern.
for presenting the channel words at the out- In this connection it should be observed that it
put, is pre-eminent that an aT precoder be used for
- a recording device having an input coupled to which it holds that a 2 2. Firstly, the choice of the
the output of the encoding device, for record- 20  precoder is determined by the detection mecha-
ing the (n-+m)-bit channel words in the in- nism applied on the reproduction side. In magnetic
formation track on the magnetic record car- recording often a PR4 .detection is concerned, that
rier. A device of this type is known, for exam- is to say, a partial response class 4 detection. This
ple, from European Patent Application No. detection is known per se and requires no further
339,724 (PHN 12.533). 25  explanation. It does mean, however, that on the
For the prior-art device an encoding is de- recording side a 2T precoder is then desired to
scribed according to which an n-bit information avoid error propagation.
word is converted into an {n+ m)-bit channel word In addifion, in suchlike systems, it is important
while a look-up Table is utilized, subsequent to that the Tna in the serial channel word data
which the channel word is applied by means of a 30  stream, that is to say, the maximum number of
2T precoder to a recording device with which the successive “zeros™ or "ongs” in this data stream,
thus encoded (n+ m)-bit channel word is recordsd does not exceed a specific value.
on a magnetic record carrier. in this context NRZ-I The insertion of a 1-bit digital word into the
recording is denoted. More specifically, an 8-to-10 digital information, combined with an encoding by
bit conversion is described in which for each 8-bit 35 means of an aT precoder provides the option to
information word at least three 10-bit words from restrict the Thax. IN a precoder with a 2 2 this
aforementioned Table having each a mutually dif- restriction is more effective than in a 1T precoder.
ferent disparity are available. Encoding the n-bit information words into
With an appropriate selection from these three (n + 1)-bit channel words in the device according to
10-bit words the running digital sum value in the 40 the invention is thus realised in a very simple
serial channel word data stream at the output of the manmner by permitting a 1-bit digital word preceding
precoder can be controlled in such a way that a the n-bit information words. From the (n+1)-bit
desired variation of this running digital sum value is information word thus obtained the n least (or rath-
realised as a function of time. er most) significant bits are equal to the original n-
In above publication a pilot signai is thus ac~ 45  bit information word. Thus, no look-up Table as in
commodated in the serial data stream, which pilot the prior-art device is necessary any more.
signal when reproduced from the record carrier In addition, by selecting n to be greater than or
may, for example, be used to realise tracking. equal to 10, a highly efficient encoding can be
It is an object of the invention to propose a realised. For example, if n is assumed to be equal
device with which it is also possible to adjust as so to 24, one will attain 96% efficiency which is very
desired the running digital sum value as a function high compared to the efficiency of the sncoding
of time, but in which a different encoding is used described in aforementioned publication.
which encoding may have a simpler structure and It should be observed that the invention is not
incorporates the possibility to provide high-efficien- only applicable to digital information systems solely
¢y encoding. 55 containing successive n-bit information words,
‘For this purpose, the device according to the which means that the 1-bit digital words are in-
invention is characterized in that the encoding de- serted into the data stream of the digital informa-
vice comprises signal affixing means for affixing tion signal at equidistant instants. The 1-bit digital
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not all equidistant. For example, it could be as-
sumned that the digital information signal is com-
posed of alternate n-bit and p-bit information
words, a 1-bit digital word being affixed to each n-
bit information word and a g-bit digital word being
affixed to each p-bit information word, whilst it
holds that p # n, and q is an integer which might
be equal to 1. Affixing the g-bit digital words to the
p-bit information words may be effected in the
same manner as the 1-bit digital words are affixed
to the n-bit information words. .

it should further be observed in this respect
that from European Patent Application No. 250.048
(PHN 11,790} it is known that in a recording device
comprising an aT precoder an a-bit digital word is
affixed to n-bit information words, for influencing
the running digital sum value in the precoder out-
put signal. in the application it is stated that each
time as many bits are to be affixed to an n-bit
information word as there are memory elements in
the aT precoder. Therefore, in the prior-art device
comgprising a 1T precoder 1-bit digital words are
affixed to the information words and thus 2-bit
digital words are affixed to the information words in
the device comptrising a 2T precoder.

When a 1T precoder is used, the affixing of a
1-bit digital word is sufficient for sign inversion of
all the bits of the obtained channel word after
precoding, and sufficient to control in this fashion
the running digital sum value in the precoder out-
put signal. When a 2T precoder is used, a 2-bit
digital word is to be affixed to influence the sign of
all the bits of the obtained channel word after
precoding.

According to the invention it will now be suffi-
cient for a device comprising a 2(or ovenT
precoder to affix only a single bit to an n-bit in~
formation word. It is true, the affixing of this single
bit makes it possible to realise sign inversion for
only half the number of bits of the obtained chan-
nel word. However, it has turned out that this is
sufficient for controlling the running digital sum
value of the precoder output signal. In addition,
there is the major advantage of a higher efficiency
in the encoding compared to the encodings known
from European Patent Application No. 250.049.

Further preferred embodiments will be de-
scribed in the sub-claims 5 {o 10.

The invention will be further explained in the
following descriptions of the Figures with reference
to a number of exemplary embodiments, in which:

Fig. 1 shows a first exemplary embodiment of
the device;

Fig. 2 shows a 2T precoder;

Fig. 3 shows the conversion from a 24-bit in-
formation word to a 25-bit channe! word;

Fig. 4 shows a further embodiment of the con-

10

15

20

25

30

35

45

50

55

Fig. 5 shows another embodiment of the control
signal generating means;

Fig. 6 shows a conversion from a 24-bit informa-
tion word to a 25-bit channel word for a 1T
precoder, a 2T precoder and a 3T precoder;

Fig. 7 shows a further explanation of the opera-
tion of the control signal generating means
shown in Fig. 5, if a dip is to be realised with a
certain frequency;

Fig. 8 shows the signal combining means as it
can be inserted between the signal affixing
means and the aT precoder;

Fig. 9 shows a further exemplary embodiment of
the signal combining means;

Fig. 10 shows a third exemplary embodiment of
the device;

Figs. 11 and 12 show the sync information af-
fixed to the serial data stream of the channel
words;

Fig. 13 shows a number of possible applications
of the device according to the invention in a
recording device for recording the serial data
stream of channe! words on a magnetic record
carrier;

Figs. 14 and 15 show a number of frequency
characteristics of the serial data stream of the
channel words;

Fig. 16 shows another frequency characteristic
of the serial data stream of the channel words;
Fig. 17 shows an extension to the control signal
generating means shown in Fig. 5;

Fig. 17a shows a further embodiment of the
control signal generating means shown in Fig.
17,

Fig. 18 shows two signals occurring in the circuit
shown in Fig. 17;

Fig. 19 shows a reproduction device for reading
and decoding the serial data stream of the
{n + 1)-bit channel words;

Fig. 20 shows the serial data stream of a num-
ber of successive information words, and

Fig. 21 shows a device looking ahead during the
encoding operation to beyond one information
word to be encoded.

Fig. 1 shows the device comprising an input
terminal 1 coupled to a parallel-te-serial converter
2. For example, 8-bit digital words at input terminal
1 are successively applied in parallel to the con-
verter 2. The converter 2 converts, again by way of
example, three of these 8-bit digital words into a
single 24-bit digital information word which is pre-
sented at the output 3. The dsvice comprises sig-
nal affixing means 4. The signal aifixing means 4 is
arranged for affixing a 1-bit digital word to succes-
sive n (= 24)-bit information words presented at
input 5. The means 4 thereto comprises a first unit
6 in which a "0" is affixed to the 24-bit information
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Fig. 2 shows a 2T precoder. Precoders of this
type are known per se. In a precoder of this fype
the output signal of the EXOR, available at the
output 13 is delayed over a clock periods T in the
input signal and fed back to the input of the EXOR.
The clock period T is the clock period of the serial
digital signal applied to the aT precoders 10 and
11. The precoders 10 and 11 convert the (n + 1)-bit
information words applied to their inputs into
(n+1)-bit channe! words available at outputs 13
and 14 respectively. The outputs 13 and 14 of the
precoders 10 and 11 respectively, are coupled to
inputs 15 and 16 respectively, of control signal
generating means 17. This means 17 generates a
control signal cs at the output 18 in dependence on
the (n+1)-bit channel words. The outputs 13 and
14 of the precoders 10 and 11 are further coupled
to the respective terminals 19 and 20 of control-
lable switching means 22. A terminal of the switch-
ing means 22 is coupled to an input 23 of a
recording device 24. The output 18 of the means
17 is coupled to a control signal input 25 of the
switching means 22 and to confrol signal inputs 26
and 27 of aT precoders 10 and 11 respectivsly.

A possible embodiment of the means 17 is
shown in Fig. 4. The means comprises integrators
30 and 31 whose inputs are coupled to the respec-
tive inputs 15 and 16. The outputs of the integra-
tors are coupled to first inputs of signal combining
units 32 and 33 respectively. The outputs of the
combining units 32 and 33 are coupled to inputs of
a comparator 34 of which one input is coupled to
the output 18 of the means 17, for generating the
control signal cs.

The means 17 comprises, if so desired, a
signal generator 35 whose input is coupled {o sec-
ond inputs of the combining units 32 and 33. Self-
evidently, if the signal generator 35 is absent, also
the combining units 32 and 33 can be omitted. The
signal combining units 32 and 33 operate as sub-
tractors as wili be clear from the following. Further-
more, the output of the comparator 34 is coupted
to control signal inputs 36 and 37 of the integrators
30 and 31 respectively.

The operation of the device shown in Fig. 1 is
as follows. As observed hereinbefore, the 24-bit
information words are applied io the affixing units 6
and 7. At the outputs 8 and 9 respectively, 25-bit
information words appear, 24 bits of which (in this
example the least significant bits) representing the
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tre column in the tables Shows, above the horizon-
tal line, a 25-bit digital information word. The af-
fixed (1-bit) digital number is represented here in
brackets.

Depending on the contents (xi, x2) of the two
memories in the precoders (compare the left col-
umns in Figs. 3a and 3b}) these precoders produce
one of the four 25-bit channel words as they are
represented in the centre column in the Tables of
Figs. 3a and 3b.

When comparing the two 25-bit channel words
obtained in the precoders 6 and 7, with identical
contents (xi, Xz2) of the memories in these
precoders, the result is that two 25-bit channel
words are obtained of which the even bits are
equal to each ather, but the odd bits are each
other's inverse. This property is highly advanta-
geous and relates to the fact that an aT precoder is
used where a is equal to 2. This will be further
explained with reference to Fig. 8. Fig. 6 shows
how a 24-bit information word which consists of
practically all "zeros™ is converted by a 1T
precoder, a 2T precoder and a 3T precoder for the
two situations in which in one case a "0" is prefix-
ed to the 24-bit information word (Fig. 8) and in the
other case a "1" is prefixed (Fig. 6b).

Fig. 6 shows that a 1T precoder with a certain
content of the (single) memory in the precoder,
which content in this case is assumed to be equal
to "0", has encoded the 25-bit information word
into a 25-bit channel word so that the Tyay, i-6. the
maximum number of successive "zeros” or "ones”
in the serial data stream of the 25-bit channel
words, has practically not changed compared to
the Tmax in the serial data stream of the 25-bit
information words. This holds both for the case
where the affixing means 4 has affixed a "0" and
where it has affixed a "1°, irrespective of the
content of the precoder prior to the encoding of the
information word concerned.

If the affixing means, more specifically unit 6,
has affixed a "0" to the 24-bit information word, the
2T precoder will produce a 25-bit channel word in
which the number of successive “zeros” and
"ones” is drastically reduced, cf. Fig. 6a. Con-
sequently, one is better capable of keeping the
Tmax under control in the serial channel word data
stream.

The 2T precoder does not produce any im-
provement in the Tnay, cf. Fig. 6b, if it is true, for
the case where a "1" has been affixed by the
affixing means, more specifically unit 7. The dis-
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number ?ogous to the one described above also holds
for the other contingent content of the precoder
prior to encoding.

When a 3T precoder is used, it is evident from
Fig. 6 that in both cases the number of successive
"zeros™ and "ones” in the 25-bit channel words is
smaller than in the corresponding 25-bit information
words. In general, for the other contingent content
of the precoder prior to encoding there is a reason-
ing which is again analogous to the reasoning
provided when the 2T precoder was discussed.

Therefore, in conclusion it may be stated that
when an aT precoder is used for which holds a 2 2,
the Tmax in the serial data stream of the channel
words can be controlled better.

The two 25-bit channel words CW, and CW;
derived by the precoders 10 and 11 are applled to
the switching means 22 and to the genserating unit
17. In the unit 17, by means of integrator 30, cf.
Fig. 4, the disparity of the channel word CW; of
the precoder 10 is added to a value already
present in the integrator. This value corresponds to
the running digital sum value of the serial data
stream of the channel words as appfied to the
terminal 21 of the switching means 22. '

Similarly, by means of the integrator 31, the
disparity of the channel word CW, of the precoder
11 is added to a value present in the integrator 31.
This value too corresponds to the running digital
sum value of the serial data stream of the channel
words available at terminal 21, and is thus equal to
the valus available in the integrator 30. The signal
generator 35 produces a signal RV corresponding
to the desired digital sum value in the serial data
stream of the channel words at terminal 21.

By means of subtracfion in the combining units
32 and 33 two error signals e, and ez are obtained
which show how much the digital sum value in the
serial data stream, having the channel word CW;,
CW: respectively, as a last channel word, deviates
from the desired digital sum value. In the compara-
tor 34 a choice is made for the error signal having
the smaller absolute value. Thus, if the error signal
€1 proves to be the smaller, a control signal cs is
produced at output 18 so that the switching means
22 assumes the position in which the terminals 19
and 21 are coupled to each other. The channel
word CW, can now be applied as the next channel
word to the input 23 of the recording means 24.
The delays in the lines from the outputs 13 and 14
to the switching means 22 are intended to com-
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tnat the two mtegrators have stored again the same
running digital sum value in their memories.

Also under the influence of this control signal
csy the contents (xy, x2) of the memories in the
precoder 10 which contents are applied to the
control signal inputs 26 and 27 of the precoders 10
and 11 are transferred to the two memories of the
precoder 11 through the line 42 so that the memo-
ries of the two precoders again have the same
contents (X1, xz).

If the error signal ez proves to be the smaller, a
control signal cs; is generated so that under the
influence of this control signal the switching means
22 assumes the position shown in the drawing, see
Fig. 1, and the terminals 20 and 21 ars coupled to
each other. The channel word CW: is applied to
the recording means 24 as the next channel word
in the serial channel word data stream. In addition,
under the influence of the control signal csz, the
value stored in the memory of integrator 31 is
applied to the memory of the integrator 31 through
line 41 and stored in this memory, while the con-
tent (x1, x2) of the precoder 11 is stored in the
memories of the precoder 10 through line 43.

For the case where the error signals ey and ez
show parity it may be decided, for example, always
to generate the control signal cs;.

By means of the device described herein-
before, a digital signal free from DC current can be
produced at the input 23 of the recording means
24. In fact, this signal is produced because the
adjustment is such that the running digital sum
value in this signal is adjusted to zero. This may be
effected by means of the control signal generator
of Fig. 4, in the absence of the signal generator 35
and the subtractors 32 and 33, or by enabling the
generator 35 to produce a zero signal. By inserting
the generator 35 and the subtractors 32 and 33, a
pilot signal may additionally be inserted in the
digital data stream. The integral of this pilot signal
will then have the form of the desired variation of
the digital sum value as a function of time as
provided by the generator 35.

Making this encoding free from DC current and
adding a pilot signal to the code in the form of a
desired variation of the digital sum value is a prior-
art technique. For example, the reader be referred
to aforementioned European Patent Application No.
339,724 (PHN 12.533).

Fig. 5 shows another embodiment of the con-
trol signal generating means 17'. With this control
signal generating means 17' both a dip atf = 0 Hz
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signal at a specific frequency fi be realised, as can
a dip at a second frequency f2 (= wa2/2x).

The control signal generating means 17* there-
to further comprises multipiiers 50, 52, 54 and 56,
integrators 51, 53, 55 and 57, two signal combining
units 58 and 59 and squaring elements 69.1 to
69.6. The integrators 51, 53, 55 and 57 are ar-
ranged in the same manner as the integrators 30
and 31. The channel word CW; is applied through
the input 15 to first inputs of the multipliers 50 and

52. in the multipliers 50 and 52 the channel word '

CW1 is multiplied by sinwzt and coswat respec-
tively. Fig. 7 shows how this multiplication is car-
ried out for successive channel words. Fig. 7a
shows the serial data stream of the channel words
plotted against time, in which the last channel word
and part of the penuitimate channel word is shown
Fig. 7b shows the variation of sinwat (or coswat)
plotted against time and Fig. 7¢ the muitiplications
which are successive values of the sine or cosine
function respectively. In the integrators 51 and 53
these values which are obtained for each channel
word CW, are added fo the value already present
in the memory (Memy} in the integrators 51 and 53
respectively. After each channel word the contents
of the memories in the integrators 51 and 53 are
applied to the signal combining unit 58 through the
squaring element 69.2 or 69.3 respectively. In the
signal combining units the values of three squaring
elements 69.1, 69.2 and 69.3 are added together
after weighting as required.

A similar operation is performed on the channsi
word CW; in the multipliers 54 and 56, the integra-
tors §5 and 57 and the squaring slements 69.5 and
69.6. The output signals of the signal combining
units 58 and 59 which units are arranged, for
example, as adders, are again the error signals ey
and e, respectively, from which the comparator 34
derives the control signal cs in the manner de-
scribed hereinbefore.

If the control signal csy is generated, as de-
scribed hereinbefors, the control signal is addition-
ally appiied to the memories in the integrators 55
and 57 and the contents of the memories in the
integrators §1 and 53 are transferred to the memo-
ries of the integrators 55 and 57 respectively,
through the lines 61 and 62. On the other hand, if
control signal cs; was generated, the contents of
the memories in the integrators 55 and 57 will be
transferred to the memories of the integrators 51
and 53 respectively, under the influence of this
control signal through the lines 63 and 64.

Self-evidently, if one wishes to obtain an addi-
tional dip in the frequency spectrum at a third
frequency 3, the control signal generating means
17" is to comprise ftwo additional branches from the
input 15 to the adder 58, each branch inciuding a

in this data stream does n
EE eplifgde i nsertion of a 1-bit digital word intoffHE EHEET HAS

10

15

20

25

30

36

45

50

§5

In a precoder wt

seriésosonmetioo f awowitigier, an integrator and
a squaring element and multiplications of sinwst
and coswst (ws = 2=fz) being realised in the
multipliers. Likewise, two additional branches lead-
ing from the input 16 to the adder 59 are neces-
sary, also including each a series connection of a
multiplier, an integrator and a squaring element.
Here too the multipliers perform multiplications by
sinwat and coswst. Depending on the control signal
cs obtained, the contents of the integrators in the
additional branches leading from the input 15 to the
adder 58 are transferred to the memories of the
integrators included in the additional branches
leading from the input 16 to the adder 59, or vice
versa.

It should be observed in this context that the
amplitude of the pilot signal as imposed by the
generator 35 in the circuit of Fig. 5, is to be
selected in such a way that the control is also
capabile of realising the dips at one or more fre-
quencies by means of the circuit of Fig. 5. This
means that the amplitude of the pilot signal in the
generator 35 is to be adjusted to an optimum
value, which is to say, not too large.

Fig. 8 shows in Fig. 8a a signal combining
means 73 which may be inserted between the
output 9 of the signal affixing means 4 in Fig. 1 and
the input of the aT precoder 11. Between the
output 8 of the signal affixing means 4 and the
input 12 of the aT precoder 10 the same signal
combining means may be inserted. Fig. 8a shows
a memory 74 in which the (n+1)-bit information
word obtained in the signal affixing means 4 may
be stored. This memory 76 may form part of the
signal affixing means 4 or part of the signal com-
bining means 73. The signal combining means 73
comprises at least one signal combining unit, for
exampls, in the form of an EXOR. Fig. 8a shows
two such combining units 76.1 and 76.2. An EXOR
combines the 1-bit digital word affixed to the n-bit
information word to the i™® bit of this n-bit informa-
tion word to obtain the i** bit of a new information
word which is applied to a memory 75 together
with the 1-bit digital word and stored in this mem-
ory as a new (n-+1)-bit information word. The
memory 75 may form part of the signal combining
units 73 or part of the aT precoder 10 or 11.

Fig. 8a shows an EXOR 76.1 which combines
the 1-bit digital word stored at the memory location
74.1 with the first bit of the information word stored
at the second memory location 74.2 of the memory
74. The output of the EXOR 76.1 is coupled to the
input of the second memory location 75.2 in the
memory 75. Furthermore, a second EXOR 76.2 is
available which in this case combines the contents
of the memory locations 74.1 and 74.8 to aobtain
the content of the memory location 75.8 in the
memory 75.
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the (n + 1)-bit information word present in the mem- formation word iw, ', while the bits 15 and 16 of the
ory 74 and Fig. 8c shows the (n+1)-bit channel 10  information word iw: are moved to the positions 17
word that would have been obtained after 2T - and 19 in the information word iw.’. The bits 1 to 6
precoding of the (n+1)-bit information word and 20 to 24 retain their positions during this move.
present in the memory 75. The abovs holds under The bits 7 to 14 move one position to the right and
the assumption that in both cases the content of the bits 17,18 and 19 one position to the left.

the aT precoder was "01". 15 Subsequently, the extra bit is affixed and the

The advantage of the extension by the EXOR combining operation is performed in the combining
76.1 is that as a result the odd bits in the n-bit unit 83. The information word iw,y; thus obtained is
information word can also be influenced by the applied to the precoder.
affixed 1-bit digital word. This holds for each next Fig. 9b shows the reverse process during re-
EXOR, such as the EXOR 76.2. For that matter, 20 production. The reproduction provides the word
Fig. 8c distinctly shows that from the memory iwoy Which is converted by means of the combin-
location 75.8 onwards all bits are "1" again. ing unit 83' in the same fashion as represented in

As will be further explained hereinafter the PR4 Fig. 8d. The bits 7 and 19 are then to be returned
detection on reproduction provides that the de- to their correct positions after which the original 24-
tected channel words again look like the {n+1)-bit 25  bit information word iw, is obtained.
information words as they were stored in the mem- An extension to the circuit as shown in Fig. 1 is
ory 75. shown in Fig. 10. The output 13 of the precoder 10

On the reproduction side there should also be is then coupled to the input of a "larger than Tma"
a signal combining means 73' as represented in detector 80. The output 14 of the precoder 11 is
Fig. 8d. The combining means 73' is actually iden- 30 then also coupled to the input of a Tma detector
tical with the combining means 73. In the memory 91. Let us assume that the maximum number of
77, after PR4 detection, the (n+1)-bit information "zeros" or "ones” in the serial data stream of the
word present in the memory 75 appears. After this channel words is equal to nine, detectors 90 and
(n+1)-bit information word is processed in the 91 will then generate control signals at their outputs
EXOR's 78.1 and 78.2 the original {n+1)bit in- 35 if in the serial data stream of the channel words
formation word stored in the memory 74 of Fig. 8a CW; and CW, respectively, more than nine suc-
is again obtained in the memory 79. cessive "zeros" or "ones" occur. The outputs of

Needless to observe that, according to wishes, the detectors 90 and 91 are coupled to the inputs
the signal combining means 73 (and thus also 73") 93.1 and 93.2 respectively, of a decision unit 92
may comprise a single or rather more than two 40  which is arranged downstream of the control signal
EXOR's. generating means 17.

Fig. 9 shows another embodiment of the step in this respect it should be observed that for
in the signal combining means. As already cb- the Tmax detection it is possibie to look beyond the
served hereinbefore the 24-bit information words boundaries of the channel words to find if a se-
are obtained by combining three 8-bit information 45 quence of successive "zeros” or "ones" occurs
words. This is shown in Fig. 9a. Now, if there are larger than the permitted number.
two or more exclusive-OR gates in the signal com- if the detectors do not generate control signals
bining means 83, preferably only bits belonging to at their outputs, the control signal cs at the output
one of the 8-bit information words will be combined 18 of the means 17, which signal is fed to the input
with the 1-bit digital word. The reason for this is s0  93.3 of the decision circuit 92, is transferred to the
that one wishes to avoid error propagation during output 94 of this circuit 92. The device then op-
reproduction, which propagation is a consequence erates in the fashion as described with reference to
of an erroneous reading of the affixed bit. Fig. 1.

In order to still realise a correct spreading of Let us assume that the detector 90 generates a
the EXOR's over the 25-bit information word, one 55  control signal. This means that for the channel
or more of the bits of the 8-bit information word word CW; it holds that the maximum number of
concerned change places. This is shown in Fig. 9a. "zeros" or "ones” in the serial data stream at

For reducing the influence of the aforemen- terminal 21 would be exceeded. This control signal



__bit information—words, a 1-bit digital word being affixe b T On®eEN
i,nf or | nnwe)rldedand a g-bit digital word being affixed 8 §a§lﬁfﬂ§$ !
![i’i , 25 whilst it holds that p [err] n, |and PgA
in _ ght be equal to 1. Affixing the g-bit digital words to the
P- EER n werds may be ppo@es sy AN the sane manger as the 1-bit
digital words are affixed to the n-bit information words. It should further

be observed in this respect that from European 30 Pat ent Application
No. 2456he @éBctdrPbiN dpbliedd0)he irputi 9. 1kandwn t hsitgle A-bia digitat svoddi irgin diew iot three it i si ng
an abrpideciddre canrobsignaltcs df )¢ thadnsWor d i s digifaf werdsdis tcombpinedjwith jarif it S¥e el wor ds,
for iisblbekechithegdecisien citeninPh Jhaditegisiom| sunbwv il the form of §E10PROEVBHAT. cf- Fig. 12,

circuit 92 now generates of itself the second con-

“whilst the sync word by comes first and then the 8-

trol signal csz so that it is decided to apply the s  bit digital word ba. In the signal affixing unit 6 a
channel word CW, to the recording device 24 two-bit word bs squal to "00" is affixed to this 23-
through the switching means 22. bit word so as to obtain a 25-bit information word is
Conversely, if the detector 91 generates a con- which is applied to the 2T precoder 10. In the
trol signal, the decision circuit 92 will likewise block signal affixing means 7' a two-bit word bs equal to
the control signal of the means 17 and generate of 10  "11" is affixed to this 23-bit word also to obtain a
itself a confrol signal ¢s: at the output 94, so that 25-bit information word iz which is to be applied to
the switching means will assume the position in’ the 2T precoder 11.
which terminal 19 is linked to terminal 21. The The two-bit word bs is prefixed to the 23-bit
channel word CW; is now applied to the recording word in order to obtain the 25-bit information
device 24. 15 words. In this example these two bits are in fact the
Alternatively, it is possible for the two detectors two most significant bits of the 25-bit information
90 and 91 to generate a control signal and apply words.
this control signal to the inputs 93.1 and 83.2 of the The moment the information words iy and iz
decision circuit. The circuit 92 will also in this case are applied to the respective precoders 10 and 11,
block the control signal cs of the unit 17. If fewer 20  these precoders are first preset to the contents of
successive "zeros™ or "ones" turn out to occur in their two memory locations x;, xz i.e. "00". After an
the serial data stream at the output of precoder 10 encoding operation in the precoders these informa-
than in the serial data stream at the output of tion words i1 and iz produce the channel words
precoder 11, the decision circuit 92 will generate CW, and CW; as they are represented in Fig. 12.
the control signal csi so that the channel word 25 It will be evident that the two channel words can be
CW; is transferred. Self-evidently, the two detsec- used for the synchronization since they comprise
tors 80 and 91 are thereto to comprise means for ten successive "ones" or "zeros" respectively, so
determining the maximum number of "zeros” or that these channel words can be detected when
"ones” in the output signals of precoders 10 and they are read out by a sync dstector.
11 and the maximum numbers for the two channel 30 Needless to observe that the T detectors 90
words are to be applied to the decision circuit 92 and 91 are to be switched off during the period of
so that this circuit 92 can generate the desired time in which the precoders 13 and 14 produce the
control signal cs. encoded 15-bit sync word.
It should be observed in this respect that once Fig. 13 shows a number of possible applica-
a decision on either of the channel words has been 35 tions to the devices described hereinbefore for
made, the information available in the T, detec- magnetic channel word recording. In Fig. 13a a
tors 80 and 91 is made equal again under the recording device according to the helical scan prin-
influence of the control signal at the output of ciple is depicted in which two write heads K: and
circuit 92, in the same manner as already de- Kz are positioned diametrically opposite each other
scribed with reference to the precoders 10 and 11 40 on a rotatable head drum 100. The record carrier is
and the integrators in Figs. 4 and 5. wound over 180° around the head drum. The heads
Obviously, the extension of the device of Fig. 1 Ki and Kz successively record the tracks Ti, Tz,
as described with reference to Figs. 8 and 8 can Ta ... and so on on the record carrier 101, the even
also be applied to the device of Fig. 10. tracks being recorded by, for example, head K
Affixing a sync word to the serial data stream 45  and the odd tracks by head Ki.
of the channel words is effected as follows. By means of the devices described hersin-
Lot us assume that the Tya in the data stream before, the channel words recorded in successive
has been determined to be 9 bits in the manner tracks are sach time extended by pilot signals with
described hereinbefore. In order to detect a sync different frequencies. Fig. 13a shows cycles of four
word in this data stream this sync word is to be  so  pilot signals with different frequencies fi, fz, fs and
unique. A possibility is a sync word in which, for fs. The frequency characteristic of the signal as
example, 10 successive "zeros” or "ones" occur. recorded, for example, in track Ts is diagrammati-
Fig. 11 shows how such a sync word can be cally shown in Fig. 14. In addition to the pilot signal
accommodated in the data stream of the channel at a frequency fi, there are dips at the frequencies
words. The parallel-to-serial converter 2' is ar- 55 f=0,f=fiandf =%,

ranged for combining three 8-bit digital words to
24-bit information words as described hereinbefore.
At regular recursive instants (sync instants) only a

It is an object of the pilot signals to enable
tracking during reproduction. Also the crosstalk of
the pilot signals from the two adjacent tracks Ta
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devi cehead is installed, or by controlling the tape trans-

port. Reading the pilot signal crosstalk from the
adjacent tracks Ts and Ts means that the crosstalk
of the pilot signals f2 and f is to be read from the
respective tracks Tz and Ts.

In order to have this measurement disturbed
the least possible by the signal in the track T, the
dips are introduced with & and f.. It may be
evident that for the other tracks frequency char-
acteristics are valid which are similar to the fre-
quency characteristic shown in Fig. 14, The peak
then occurs at a different frequency (f2, fa or fs),
and so do the dips (at f1 and f3 respectively, 2 and
fs respectively and fs and fi respectively).

The detection of the pilot signal during the
reading operation, to realise tracking, is extensively
discussed in aforementioned European Patent Ap-
plication (PHN 12.533) so that no further explana-
tion is necessary here.

Fig. 13b shows two adjacent and rigidly inter-
coupled heads K; and Kz. These heads Ki, Kz
record track pairs T1, Tz; Ta, T4; Ts, Ts; ... and so
on during successive revolutions of the head drum
100. The record carrier 101 can be wrapped ar-
ound the head drum 100 at an arbitrary angle. The
letters a, b and ¢ in the tracks in Fig. 6b refer to
the frequency characteristics in Figs. 15a, b and ¢
respectively. These frequency characteristics de-
note the frequency characteristics of the informa-
tion recorded in the tracks.

When the track pairs Ty and T are read by
the heads Ky and K respectively, Ki, reading the
information from track Ty, also reads the crosstalk
of the pilot signal f2 from track T2. In order to
enable an optimum reading operation, preferably a
dip at this frequency 2, cf. Fig. 15a, is provided in
the frequency characteristic of the signal recorded
in track Ty. The head K: likewise reads the in-
formation from the track T2 and also the crosstalk
of the pilot signal f; from the track T1. Thersfore, a
dip preferably occurs at the frequency fy, ci. Fig.
15b, in the frequency characteristic of the informa-
tion in track Ta.

From the read crosstalk signals a control signal
can be derived which may be used to realise
tracking during the reading operation. The pair of
heads Ki, Kz is thereto installed on a piezoelement

or the tracking is performed by controlling the

transport speed of the record carrier.

If the heads K; and Kz subsequently read the
pair of tracks Ta, T4, head K, reading the track T3,
will also detect crosstalk of the pilot signal f. from
the track T2 and the head Kz will detect the cros-
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f, {(and not at the frequency fi) might be sufficient
and for the frequency characteristic of the signal in
the track Ts a dip at the frequency fi (and not at
the frequency f2). However, for an optimum detec-
tion of the pilot signal it is still preferred to have
dips at both frequencies. Furthermore, the phases
of the pilot signals fi in the tracks T:, Ts, Ts, ...
and so on, are preferably mutuaily shifted through
90° so that when the pilot signal is detected in a
track (for example Ts), this detection is sffected to
the least possible extent by the pilot signal f; in the
tracks Ty and Ta. Naturally, the same method is
then applied to the pilot signals f» in the tracks Tz,
Ts, .... This measure relates to the fact that a sync
detection is used during reproduction.

The detection of the pilot signals in the case of
Fig. 13b, to realise tracking during reproduction, is
extensively discussed in European Patent Applica-
tion 343,726 (PHN 12.574), so that a further ex-
planation of this matter may be dispensed with.

Fig. 13c shows two pairs of heads Ki, Kz and
Ks, Ks disposed diametrically opposite each other
on the head drum 100. The record carrier 101 is
wrapped around the head drum 100 through 180°.
The pair of heads Ki, Kz reads the pairs of tracks
Ti, T2; Ts, Ts; T, Tio; ..., and so on. The pair of
heads Ks and K reads the pairs of tracks Ta, Ta;
T7, Ta; .... and soon. The letters a, b and c in the
tracks again refer to the frequency characteristics
in the respective Figures 15a, 15b and 15c.

When the pair of tracks Ty, Tz is detected by
the pair of heads K, Kz the head Ko additionally
detacts the crosstalk signals of the pilot signals
and f, from the tracks T; and Ts respectively. In
response to these detected crosstalk signals a con-
trol signal for tracking can be derived. While the
pair of tracks Ta, T+ is detected by the pair of
heads K, Ks head K, additionally detects crosstalk
signals of the pilot signals f2 and fi from the tracks
T3 and Ts respectively. In response thereto a con-
trol signal for tracking can again be derived.

A further improvement of the detection of a
pilot signal, such as the pilot signal having the
frequency fi in Fig. 15a, may be realised by effec-
ting a dip in the frequency spectrum around fre-
quency fi during the recording. This is represented
in Fig. 16. It is clearly evident that the frequency
spectrum is reduced around frequency fi. This
means that the signal-to-noise ratio for the detec-
tion of the pilot signal at the frequency fi is in-
creased. To realise this, the circuit of Fig. 5 is to
be extended. In Fig. 17 this extension is shown but
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unit 170 constituted by a subfractor, muitipliers 172
and 173, integrators 174 and 175 and squaring
elements 169.1 and 169.2. To a second input 176
of the subtractor 170 a square wave having fre-
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193 produces thersfrom the tracking control signal
at an output 194,

The decoding unit 190 receives at its input the
(n + 1)-bit information words. The deceding nit 180

guency fy as represented in Fig. 18b is applied. 10 comprises a sync signal detector 185 which de-
This square wave is produced by the source 171 tects from the serial data stream of the information
and actually corresponds to the ideal shape of the' words the sync word by as is shown in Fig. 12.
pilot signal. The source 35 actually produces the Once the sync word bt has been detected the
integrated square wave signal as is represented in decoder 190 knows at which positions in the serial
Fig. 18a. 15 data stream of the (n +1)-bit information words the
in the subtractor 170 the square wave is sub- 1-bit digital words are found. The conirol signal
tracted from the signal at input 15. The differential supplied by the sync detector 195 to a unit 196
signal is applied to multipliers 172 and 173 in belonging to the decoding unit 190 provides that
which the differential signal is multiplied by sinw;t the unit 196 removes the 1-bit digital words {rom
and coswit respectively. The signals thus obtained 20 the serial data stream of the information words. The
are reproduced in integrators 174 and 175 which originai data stream of the n-bit information words
again may have the shape as represented in Fig. 5. will then appear at the output 192.
By means of squaring elements 168.1 and 169.2 The Figs. 20 and 21 show a device in which,
the two signals are applied to the adder 58'. contrary to the device described hereinbefore, one
Self-evidently, the integrators 174 and 175 25 looks ahead beyond a single information word for
have each two lines (not shown) connecting them determining the 1-bit digital word 1o be affixed to
to the corresponding integrators in the bottom haif an n-bit information word iws.
of the circuit of Fig. 5, so that the contents of the Fig. 20 shows the serial data stream of the
corresponding integrators in the two halves can successive information words iw:, iwz and iws. A 1-
again be made equal fo sach other under the 30  bit digital word, referenced yi, is to be affixed to
influence of a control signal cs after each informa- the information word iw: and a 1-bit digital word,
tion word has been encoded. referenced yz, to the successive information word
The control signal generating means as shown iwa.
in Figs. 4, 5 and 17 may also be realised by means The running digital sum value after aT precod-
of a slightly different circuit. This is shown by 35 ing of the channel words obtained by the aT
means of the circuit of Fig. 17a for the circuit of precoder from the {n+ 1)-bit information words will
Fig. 17. The generator 171 in Fig. 17 is now change from DSVo, ie the running digital sum
inserted before the branching into the various value in the serial data stream of the channel words
paths. The circuit of Fig. 17a is then capable of up to the encoding instant of the information word
inserting a pilot signal into the data stream withthe 40  iws, to DSV, due to the encoded information word
frequency f:. If no pilot signal is to be inserted into iw:, and thersafter to DSV.2, due to the encoded
the data stream, the generator 171 may be omitted. information word iwz.
The top branch comprises a low-pass filter 179. In the previous embodiments the selection for
Due to the presence of this filter 179 the data the bit yy to be affixed to the information word iw,
stream is rendered free from D.C. current. The 45 was dstermined by the past (DSVo} and by the
second branch comprises a bandpass filter 180 information word iwy, so that the digital sum value
having a central frequency 2. Due to the presence of the channef words including the encoded in-
of this filter 180 the dip is realised with frequency formation word iw: is an optimum approximate of a
f2. The dip around the peak at fy is realised due to desired variation for the digital sum value.
the presence of the bandpass filter 181 having so In the device shown in Fig. 21 the selection for
central frequency fi. y1 is now also determined by the variation of the
A device for detecting the channel words and running digital sum value of the data stream of the
subsequently decoding these channel words into channel words, including the encoded information
information words is shown in Fig. 19. The device word iwz. Actually, a 1-bit digital word y; is added
comprises a read head 185 coupled to an input s5 to the information word iws and a 1-bit digital word

186 of a PR4 detector 187, of which an output 188
is coupled to an input 189 of a decoding unit 190.
An output 191 of the decoding unit 190 is coupled

10

y2 is added to the information word iwz, /.e. such
words y:1 and y2 that the running digital sum values
DSVgy, DSV: and DSV, are optimum approximates

1
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of a desired running digital sum valus.

Fig. 21 gives a diagrammatic representation of
such a device. Through the input 199 the two
information words iw; and iwz are applied to the
device. The n-bit information word iw; is then
stored in the units 200.2, 201.2, 202.2 and 203.2 in
which a "0"-bit (in the units 200.2 and 202.2) or a
" "-bit (in the units 201.2 and 203.2) is affixed to
the informationt word iw1. The information word iwz
is stored in the units 200.1, 201.1 202.1 and 203.1,
in which a "0"-bit (in the units 200.1 and 201.1) or
a "1"-bit (in the units 202.1 and 203.1) is affixed to
this information word iwz. Subsequently, the four
serial data streams of the two information words
iws and iwp to each of which a "0" or a "1"is
affixed, are transported to precoders 204.1 to 204.4
in which the data streams of the two (n+1)-bit
information words are encoded to data streams of
two {n+1)-bit channel words. Thereafter, the four
data streams are applied to the detector 205. The
detector 205 then generates at its output 206 a
control signal to be appiied to the controliable
switch 207 which, in response to the control signal,
assumes a position in which one of the terminals
207.1, 207.2, 207.3 and 207.4 is connected to the
terminal 207.5.

Let us assume that in response to the control
signal the switch 207 assumes the position in
which the terminal 207.2 is coupled to the terminal
207.5, this means that the output signal of the
precoder 204.2 is presented at the output 208.

The operation of the device may be such that
each time pairs of successive information words,
such as iwy and iw2 and consecutive pairs of
successive information words, such as iws and iws,
iws and iwg, .... and so on, are encoded in a single
step in the manner described hereinbefors, and are
presented at the output 208 as pairs of channel
words. This implies that after the encoding of the
pair of information words iwy and iwz to the pair of
channel words cwy and cwz, the contents in the
memory locations in the four precoders 204.1 to
204.4 are again identical under the influence of the
control signal of the detector 205. In the above
example this would mean that the contents of the
memory locations in the precoder 204.2 are copied
to the memories of the precoders 204.1, 204.3 and
204 .4.

The operation of the device may also be such
that in the manner described hereinbefore the con-
trol signal is derived from two successively en-
coded information words iw; and iwz, but that on
the basis of this control signal only the encoded
information word iws is presented at the output 208
and that the procedure is reiterated for two succes-
sive information words iwz and iws, iwa and iws, ...
and so on.

In the previous example this would mean that
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the information word iwy encoded by the precoder
204.2 is presented at the output 208 and after the
encoding of the information word iw: the contents
of the memory locations in the precoder 204.2 are
to be copied to all precoders for subsequently
encoding the pair of information words iw. and iws.

The operation of the dstector 205 will be ex-
plained below. The detector 205 may have a simi-
lar structure as one of the detectors of Fig. 4, 5 or
17.

Each of the branches from the inputs 209.1 to
209.4 to the comparator (not shown) included in the
detector 205, produces an error signal e;y and &;2
after the encoding of the (n+1)-bit information
word iws or the (n+1)-bit information word iw2
respectively, ¢f. Fig. 20. These error signals are
also shown in Fig. 21.

The decision criterion may be, for example that
the magnitudes:

8112 + €22

are determined for i ranging from 1 to 4.

Subsequently, the smallest of the four values is
determined and this choice then determines which
control signal is generated. In the previous example
8212 + ©,% appeared to produce the smallest
valus.

Self-avidently, the "looking ahead” may also
imply looking ahead beyond more than two suc-
cessive infarmation words.

Needless to observe that although hardware
arrangements have been described hereinbefore,
the arrangement may naturally also be a software
arrangement utilizing a microprocessor. Further-
more, it should be observed that the device as
described with reference to the Figs. 1, 8 and 10 is
a paraliel arrangement in the sense that with time
the channel words from which the control signal is
subsequently derived are generated more or less
in paraliel. Alternatively, it is possible that the chan-
nel words from which a choice can be made are
derived consecutively. In that case only a single aT
precoder 10, cf. Fig. 1 is necessary and a single
unit 6, which unit then is to be capable of affixing
both a "0" and a "1” to an n-bit information word.
This solution does require more memory capacity
for a temporary storage of the channel words ob-
tained.

Claims

1. Device for recording a digital information signal
in an information track on a magnetic record
carrier, and for converting, prior to recording,
n-bit information words in the presented digital
information signal into (n+m)-bit channel
words, where n and m are integers and for

Frg:
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information words iws and iwa are applied to the

of the memory locations in the precoder 204.2 are

device. The n-bit information word iw: is then s to be copied to all precoders for subsequently
stored in the units 200.2, 201.2, 202.2 and 203.2 in encoding the pair of information words iwz and iwa.
which a "0"-bit {in the units 200.2 and 202.2) or a The operation of the detector 205 will be ex-
"{1"-bit (in the units 201.2 and 203.2) is affixed to plained below. The detector 205 may have a simi-
the information word iw:. The information word iw: lar structurs as one of the detectors ot Fig. 4, 5 or
is stored in the units 200.1, 201.1 202.1 and 203.1, 10 ~17.

in which a "0"-bit (in the units 200.1 and 201.1) or Each of the branches from the inputs 209.1 to
a "1"-bit (in the units 202.1 and 203.1) is affixed to 209.4 to the comparator {not shown) included in the
this information word iwz. Subsequently, the four detector 205, produces an error signal &y and ;2
serial data streams of the two information words _ after the encoding of the (n+1)-bit information
iw: and iw2 to each of which a "0” or a "1"is 15 word iws or the (n+1)-bit information word iwz
affixed, are transported to precoders 204.1 to 204.4 respectively, cf. Fig. 20. These error signals are
in which the data streams of the two (n+1)-bit also shown in Fig. 21.

information words are encoded fo data streams of The decision criterion may be, for example that
two (n+1)-bit channel words. Thereafter, the four the magnitudes:

data streams are applied to the detector 205. The 20

detector 205 then generates at its output 206 a 812 + e5°

control signal to be applied to the controllable

switch 207 which, in response to the control signal, are determined for i ranging from 1 to 4.

assumes a position in which one of the terminais Subsequently, the smallest of the four values is
207.1, 207.2, 207.3 and 207.4 is connected to the 25  determined and this choice then determines which
terminal 207.5. control signal is generated. in the previous example

Let us assume that in response to the control €12 + 5,2 appeared to produce the smallest
signal the switch 207 assumes the position in value.
which the terminal 207.2 is coupled to the terminal Self-evidently, the "ooking ahead” may also
207.5, this means that the output signal of the 30 imply looking ahead beyond more than two suc-
precoder 204.2 is presented at the output 208. cessive information words.

The operation of the device may be such that Needless to observe that although hardware
each time pairs of successive information words, arrangements have been described hereinbefore,
such as iw; and iwz and consecutive pairs of the arrangement may naturally also be a software
successive information words, such as iws and iwa, 35  arrangement utilizing a microprocessor. Further-
iws and iwz, .... and so on, are encoded in a single more, it should be observed that the device as
step in the manner described hereinbefore, and are described with reference to the Figs. 1, 8 and 10 is
presented at the output 208 as pairs of channel a parallel arrangement in the sense that with time
words. This implies that after the encoding of the the channel words from which the control signal is
pair of information words iw; and iwz to the pair of 40  subsequently derived are generated more or less
channel words cw; and cwez, the contents in the in parallel. Alternatively, it is possible that the chan-
memory locations in the four precoders 204.1 to nel words from which a choice can be made are
204.4 are again identical under the influence of the derived consecutively. In that case only a single aT
control signal of the detector 205. In the above precoder 10, cf. Fig. 1 is necessary and a single
example this would mean that the contents of the 45  unit 6, which unit then is to be capable of affixing
memory locations in the precoder 204.2 are copied both a "0" and a "1" to an n-bit information word.
to the memories of the precoders 204.1, 204.3 and This solution does require more memory capacity
204.4. for a temporary storage of the channel words ob-

The operation of the device may also be such tained.
that in the manner described hereinbefore the con- 50
trol signal is derived from two successively en- Claims
coded information words iw; and iwz, but that on
the basis of this control signal only the encoded 1. Device for recording a digital information signal
information word iwy is presented at the output 208 in an information track on a magnetic record
and that the procedure is reiterated for two succes- 55 carrier, and for converting, prior to recording,

sive information words iwz and iws, iws and iws, ...
and so on.
In the previous example this would mean that

11

n-bit information words in the presented digital
information signal into (n+m)-bit channel
words, where n and m are integers and for
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- an encoding device having an input

means is arranged for affixing each time a 1-
bit digital word to an n-bit information word

coupled to the input terminal and having 5 under the influence of this control signal, so
an output, which encoding device com- that the frequency characteristic of the output
prises an aT precoder, a being an integer signal of the aT precoder presents a peak at a
greater than or equal to two, which en- specific frequency value.
coding device is arranged for converting
the n-bit information words into the 10 7. Device as claimed in Claim 8, characterized in
{n +m)-bit channel words and for pre- that the signal affixing means is furthermare
senting the channel words at the output, arranged for affixing each time a 1-bit digital
- a recording device having an input coup- word to an n-bit digital word so that the fre-
led to the output of the encoding device, quency characteristic pressnts dips in the vi-
for recording the (n+m)-bit channel 15 cinity of the peak with said frequency value,
words in the information track on the
magnetic record carrier, characterized in 8. Device as claimed in one of the preceding
that the encoding device comprises sig- Claims, characterized in that the device com-
nal affixing means for affixing each time prises a Tyax determining means for determin-
an m-bit digital word, where m is equal 20 ing the maximum number of successive
to 1, to a consecutive n-bit information "zergs" or "ones" in the output signal of the
word to obtain an (n+1)-bit information aT precoder, which means is arranged for gen-
word, in that the aT precoder is arranged erating a control signal if this maximum num-
for converting the (n+1)-bit information ber of "zeros" or "ones” exceeds a specific
words into {n+1)-bit channel words, in 25 threshold value, in that the device further in-
that the encoding device further includes cludes blocking means for blocking the control
control signal generating means, in that signal of the control signal generating means
the control signal generating means is under the influence of the control signal of the
arranged for receiving the (n+1)-bit Tmax determining means and for generating
channel words from the aT precoder and 30 then a control signal for the signal affixing
for deriving a control signal from the (n means, and in that the signal affixing means is
+ 1)-bit channel words, and in that the arranged for affixing a 1-bit digital word to the
signal affixing means is arranged for af- n-bit information word under the influence of
fixing a 1-bit digital word %o an n-bit the blocking means control signal so that either
information word in response to this con- 35 the maximum number of "zeros" or "ones™ in
trol signal, so that the running digital sum the output signal of the aT precoder does not
value in the output signal of the precoder exceed said threshold value, or just that chan-
plotted against time shows a behaviour nel word is obtained having the smallest maxi-
according to a desired pattern. mum number of "zeros” or "ones" in the
40 precoder output signali from any (n+1)-bit
2. Device as claimed in Claim 1, characterized in channel words that may be obtained from the
that n is greater than or equal to 10. n-bit information word.
3. Device as claimed in Claim 2, characterized in 8. Device as claimed in one of the preceding
that n is equal to 24. 45 Claims, characterized in that the device further
includes a signal combining means inserted
4. Device as claimed in one of the preceding between the signal afiixing means and the aT
Claims, characterized in that a is equal to 2 or precoder, in that the signal combining means
3. is arranged for receiving (n + 1)-bit information
50 words at an input from the signal affixing
5. Device as claimed in ons of the preceding means and for presenting (n + 1)-bit information
Claims, characterized in that the signal affixing words at an output, and in that the signal
means is arranged for affixing each time an 1- combining means is arranged for combining
bit digital word to a n-bit information word the 1-bit digital word with the it bit of the
under the influence of this control signal, so 55 (n+1)-bit information word applied to its input

that the frequency characteristic of the output
signal of an aT precoder presents a dip at at
least one specific frequency value.

12

so as to obtain an i™ bit in the (n+1)-bit
information word at its output,
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Fig. 1 shows the device conprising an input termnal 1 cou

paral l el -to-serial converter 2. For exanple, 8-bit digital words at input
termnal 1 are succ@8sively appl EBR® 478 78aA8l | el to the c@nverter 2. The
converter 2 converts agai n by way of exanple, three of these 8-bit digital
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arrangéd for affixing a 1-bit digital word to successive n
I nformati on words presented at input 5. The neans 4 thereto %%HE&SW@ BEEN |

first unit 6 in which a "0" is affixed to the 24-bit infornfationREBEALEDt hat

is to say, prefixed the 24-bit 10 i nformati on word, and a second unit 7
in which a "1" is prefixed to th&PD4A6i767iANf or mati on word. The 25-bit
I nformati on words thus obtained are conveyed to outputs 8 and 9
respectively, and through these outputs applied each to an aT precoder 10
and 11 respectively, a being an integer greater than or equal to 2. Fig. 2
shows a 2T precoder. Precoders of this type are known 15 per se. In a
precoder of thisktype theg gutput signal of the EXOR, available at the
output 13 is ey =% lg cl gek peﬂaods T in the input signal and fed
back to the igg @t ravla

| T4

SV s the cl ock period of
i 10 and . The

t he serial
precoders 18
their i npge=

42 T T
- !
g ==, FI(.2
contents -
precoder (001100010110106110001 7111071 |}disparity
2RIy
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contents
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X1 X
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20 "channel words avail abl e at outputs 13 and 14 respectiV s §"*““‘ -
outputs 13 and 14 of the precoders 10 and 11 respectively, arle coué' d {QP Bﬂlﬂ
i nputs 15 and 16 respectively, of control signal generating ?Lﬁfﬁps,

means 17 generates a control signal cs at the output 18 in dependence on
the (n+ 1)-bit channel words. ThEP8WH@EEBAL3 and 14 of the precoders 10 and
11 are further coupled to the 25 respective termnals 19 and 20 of
controllable switching neans 22. Atermnal of the switching nmeans 22 is
coupled to an input 23 of a recording device 24. The output 18 of the neans
17 is coupled to a control signal input 25 of the switching neans 22 and to
control signal inputs 26 and 27 ecoders 10 and 11 respectively. 30
A possi bl e enbodi nent of the g shown y;n Fig. 4. The neans
conprises integrators 30 an puts arg coupled to the respective
I nputs 15 and 16. The outp /'5 egratddfs are coupled to first

31
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7 inputs of signal conbining units 32 and 33 respectively. l}%qgm@tﬁ&é):‘a&w
the conbining units 32 and 33 are coupled to inputs of a ¢ rrpara H%i
whi ch one input is coupled to the output 18 of the neans 17, fnr Bt | ng

the control signal cs. 5 The means 17 conpri ses, |f SO
desired, a signal generator 35 wEB®aA78TpLAl1iIi S coupl ed to second i nputs of
the conbining units 32 and 33. Self- evidently, if the signal generator 35
i s absent, also the conbining units 32 and 33 can be omtted. The signal
conbining units 32 and 33 operate as subtractors as will be clear fromthe
foll ow ng. Furthernore, the output of the conparator 34 is

I;ontents
recoder] (0)OO0O000000000C000G0000D00001 |disparity

1Tprecoder| 0 goooo0000000O00Q0CO0O0CO0CO0CO0D01 ]
2Mprecodery 01| 010710101061010101010101011 1
3Tprecoder | 101 1011011Ui1011011011011011 +9

a.

OEMs] Mo o000000000000000000000071 |disparity
Mprecoder | 0 | 111111111111 1111111111110 | 3
fprecader| 01| 111111111111 1111111111110 | +23
precoder] 101 | 001001001001001 0010010011 | -7

b.  FIG.6

011000111011000]0000111100011111|

S Ui n g — l q

!
{1 L
- o ~T] _ _ U }"3' C
G :
'
FIG.7 —_
This Shee -

//II/I///III/////I/I/fIiM



10 ‘coupl ed to control signal inputs 36 and 37 of the int @ﬂlgtgmg*S@Agp@gEN
31 respectively. The operation of the device shown in Fig. 1 is @&P Doms
As observed hereinbefore, the 24-bit information words are ‘apptHied

affixing units 6 and 7. At the outputs 8 and 9 respectively, 25 bi t

i nformati on words 15 appear, EROHA763I6DA1Iwhich (in this exanple the |east
significant bits) representing the original 24-bit information word and a
"0" being affixed as the nost significant bit in one case (unit 6) and a
"1" being affixed in the other case (unit 7). Figs. 3a and 3b show exanpl es

of two 25-bit information words 20 realised in this fashion. The centre
colum in the tables shows, above the horizontal line, a 25-bit digital
i nformation word. The afflxed (1-bit) dlgtal nunber is represented here in
brackets. . W1 %.2 7%.8
\ 3 i yrd —
—Mmjojooyojojoyojogo — 74
73
761-HEYOR 76.2-{JEXOR a
iwgut E; LL
rp1yogo0jojojojiriogeo
7 ! Y ————
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Dependfng on the contents (x1, x2) of the two nenories in the pﬁg T4AS BEEN
(conpare the left colums in Figs. 3a and 3b) these precoders] dggggﬁgg
h e

one of the four 25-bit channel words as they are represented {

colum in the Tables of Figs. 3a and 3b. \Wen conparing the tmo 25 bi t
channel words obtained in the pr8B®d&BI6BAANd 7, with identical contents
(x1, x2) of the nenories in these precoders, the result is that tw 25-bit
channel words are obtai ned of which the 30 even bits are equal to each
other, but the odd bits are each other's inverse. This property is highly
advant ageous and relates to the fact that an aT precoder is used where a is

equal to 2. This will _be further explained with reference to Fig.
bits j‘ ans—-——*P———-ans"————ﬂ
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8 6. Fig. 6 shows how a 24-bit information word which consist$50¢HEET HAS BEEN
practically all "zeros" is converted by a 1T precoder, a 2T prec ffﬁfﬁ@g
n d

3T precoder for the two situations in which in one case a "
to the 24-bit information word (Fig. 6) and in the other case a "1" s
prefixed (Fig. 6b). 5 EP 0476 767F/A1lg. 6 shows that a | T precoder
with a certain content of the (single) nenory in the precoder, which
content in this case is assuned to be equal to "0", has encoded the 25-bit
informati on word into a 25-bit channel word so that the T[err] i.e. the
maxi mum nunber of successive "zeros" or "ones" in the serial data stream of
the 25-bit channel words, has practically not changed 10 conpared to the
T[err] in the serial data streamof the 25-bit i3 ormati on words. This

hol ds both for the jcase wpepe ype afij xin imeays’ 4 has affixed a "0" and

where it has aI_f,J_xg at % i rrpspecti vie tectong coht ent of the precoder
prior to the i 92
—et +0" al precoder A 18 22 26
51 L 23
lﬁ : | | 5/ .
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encodihg of the information word concerned. I|f the affixing peans T
specifically unit 6, has affixed a "0" 15 to the 24-bit i1f€$n§¥ﬂﬁnﬁAs{mEN
word, the 2T precoder will produce a 25-bit channel word in {hi ch REREACED

nunber of successive "zeros" and "ones" is drastically reduced, cf. Fig.
6a. Consequently, one is better Empars 267081 keepi ng the T[err] under control
in the serial channel word data stream The 2T precoder does not produce
any inprovenment in the 20 - T[err] cf. Fig. 6b, if it is true, for the
case where a "1" has been affixed by the affixing neans, nore specifically
unit 7. The disparity of this 25-bit channel word, i.e. 23, cf. Fig. 6b, is
unf avour abl e (unfavourably high) conpared to the disparity of the 25-bit
channel word produced by unit 6, i.e. 1, cf. Fig. 6a, to such an extent
that generally the 25-bit channel word produced by unit 6 will be 25
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stream of the channel words can be controlled better. 5

The two 25-bit channel words CM and CW2 derived by the prec
are applied to the switching means 22 and to the generating unit 17. In the
unit 17, by means of integrator E®o4e767FAy. 4, the disparity of the
channel word CWM of the precoder 10 is added to a value already present in
the integrator. This value corresponds to the running digital sumval ue of
the serial 10 data stream of the channel words as applied to the
termnal 21 of the switching neans 22. Simlarly, by nmeans of the

I ntegrator 31, the dispari he channel word CW2 of the precoder 11 is
added to a val ue present i ipt8frator 31. This value too corresponds
to the running digftal su pf the 15 91 serial data stream of the

precoder is used for which holds a > 2, the T[err] in the sejl ﬁhsds%'%T HAS BEEN
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Q2R 2.
I nt &nded to conpensate for the tine necessary for deriving the control
signal in 30 the detector 17. In addition, under the in $ET
control signal csl, which is applied to the control signal ﬁﬁﬁhﬁ%H% N H
37, the value in the integrator 30 is 10 transferred to}tke-Tmregrat or
31 through line 40 so that the two integrators have stored{agaigs theR 488
running digital sumvalue in their nenoried. Al so under the ilnflUence of
this control signal csl the contents (x1, x2) of the nenoriles—T e
precoder 10 whi @evicerforrecerdingea digisili iotormatiarnsigml on a WWW———
26 and 27 of the precoders 10 and 11 are transferred to t hi

The invention relates to a device for recording a digital
information signal in an information track on a magnetic record carrier, and for
converting, prior to recording, n-bit information words in the presented digital
information signal into (n+m)-bit channel words, where n and m are integers

5 and for which holds m = 1 and n > m, comprising
- an input terminal for receiving the n-bit information words,
- an encoding device having an input coupled to the input terminal and having an
output, which encoding device comprises an aT precoder, a being an integer
greater than or equal to two, which encoding device is arranged for converting
10 the n-bit information words into the (n+m)-bit channel words and for presenting
the channel words at the output, ‘
- a recording device having an input coupled to the output of the encoding
device, for recording the (n-+m)-bit channel words in the information track on
the magnetic record carrier. A device of this type is known, for example, from
15 European Patent Application No. 339,724 (PHN 12.533).

For the prior-art device an encoding is described according to
which an n-bit information word is converted into an (n+m)-bit channel word
while 2 look-up Table is utilized, subsequent to which the channel word is
applied by means of a 2T precoder to a recording device with which the thus

20 encoded (n+m)-bit channel word is recorded on a magnetic record carrier. In
this context NRZ-I recording is denotéd. More specificany, an 8-t0-10 bit
conversion is described in which for each 8-bit information word at least three
10-bit words from aforementioned Table having each a mutually different
disparity are available.

25 With an appropriate selection from these three 10-bit words the
running digital sum value in the serial channel word data stream at the output of
the precoder can be controlled in such a way that a desired variation of this



two menories of the precoder 11 through the line 42 so that the menories
of the two precoders again have the sane contents (x1l, X2)e—tft—the—etrrot

signal e2 proves to be the smaller, a control signal cs2 |SR5HU§%%M%H'§HEET
t hat under the influence of this control signal the swtcHing TEAn$
22 assunes the position shown in the drawing, see Fig. 1, jan he&@grmgmals
20 and 21 are coupled to each other. The ckannel word CA2 |i s %plf%d to tWe
recordi ng means 24 as the next channel word in the serial lch a

stream |n addi trusming digital sunh ealue fsl realize¢ a0k fidveon aftimel S\E nal cs2, the
val ue stored in the nenory_of integrator 31 is applied tot¥re—memToTy O (he
i ntegrator 15 31 throu&hathVﬁé’“ licaé}ﬂﬁiaé’ElB?%EPallhs thys §C°1‘?E}ﬁﬂd9‘°d\mmee t he

content (x1, x2)sefil daBfstRAMC WK él.ﬂ'aé 'sxgna‘itwﬁ{mﬁ%ﬁﬂad FFE el RSor8 Tcatrd

precoder 10 through Tine 43’ For ase ere the error signals el and e2
show parity it rmay,fer ekaoiptte de uses tooealisplteckiagways to generate the control
si gnal csl.5

It is an object of the invention to propose a device with which it
is also possible to adjust as desired the running digital sum value as a function of
time, but in which a different encoding is used which encoding may have a
simpler structure and incorporates the possibility to provide high-efficiency

10 encoding.

For this purpose, the device according to the invention is
characterized in that the encoding device comprises signal affixing means for
affixing each time an m-bit digital word, where m is equal to 1, to a consecutive
n-bit information word to obtain an (n+ 1)-bit information word, in that the aT

15 precoder is arranged for converting the (n+1)-bit information words into (n+1)-
bit channel words, in that the encoding device further includes control signal
generating means, in that the control signal generating means is arranged for
receiving the (n+ 1)-bit channel words from the aT precoder and for deriving a
control signal from the (n-+1)-bit channel words, and in that the signal affixing

20 means is arranged for affixing a 1-bit digital word to an n-bit information word
in response to this control signal, so that the running digital sum value in the
output signal of the precoder plotted against time shows a behaviour according to
a desired pattern.

In this connection it should be observed that it is pre-eminent that

25 an aT precoder be used for which it holds that a = 2. Firstly, the choice of the
precoder is determined by the detection mechanism applied on the reproduction
side. In magnetic recording often a PR4 detection is concerned, that is to say, a
partial response class 4 detection. This detection is known per se and requires no
further explanation. It does mean, however, that on the recording side a 2T

30 precoder is then desired to avoid error propagation.

In addition, in suchlike systems, it is important that the Tmax in

the serial channel word data stream, that is to say, the maximum number of
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in a 1T precoder.

Encoding the n-bit information words into (n+ 1)-bit channel

words in the device according to the invention is thus realised in a very simple

manner by permitting a 1-bit digital word preceding the n-bit information words.

10. From the (n+1)-bit information word thus obtained the n least (or

significant bits are equal to the original n-bit information word. Thus, no look-up

Table as in the prior-art device is necessary any more.

rather most)

In addition, by selecting n to be greater than or equal to 10, a
highly efficient encoding can be realised. For example, if n is assumed to be
15 equal to 24, one will attain 96% efficiency which is very high compared to the

efficiency of the encoding described in aforementioned publication.

It should be observed that the invention is not orily applicable to
digital information systems solely containing successive n-bit information words,
which means that the 1-bit digital words are inserted into the data stream of the

20 digital information signal at equidistant instants. The 1-bitdigital words may also

be inserted at instants which are not all equidistant. For example, it could be

assumed that the digital information signal is composed of alternate n-bit and p-
bit information words, a 1-bit digital word being affixed to each n-bit information

word and a g-bit digital word being affixed to each p-bit information word,
25 whilst it holds that p # n, and q is an integer which might be equal to 1.

Affixing the g-bit digital words to the p-bit information words may be effected in

the same manner as the 1-bit digital words are affixed to the n-bit

words.

It should further be observed in this respect that from European

30 Patent Application No. 250.049 (PHN 11.790) it is known that in

information

a recording

device comprising an aT precoder an a-bit digital word is affixed to n-bit

information words, for influencing the running digital sum value in the precoder

b}




Eur opean Patent Application No. 339,724 (PHN 12.533). 11 _Fig. 5 _shous

anot her enbodi nent of the control signal generating neans 7' PN AT gHEET
control signal generating neans 17' both a dip at f = 0 Hz Ea.t

free fromDC current), and a pilot signal at a speC|f|c fr qu n[g)é 1 g,q.,
realised, as can a dip at a second frequency f2 (= W2/2[err]) APR
The control si gnal generating neans 17" thegreto further co ses

mul tipliers 50, 52, 54 and 56, integrators 51, 53, 55 and 57 two si gnal

oS, 2"LL* RSP SRR LTS B8 dnk, B
i ntegrators 30 aifixédlto an n-bit information word as there are memory elements in the aT
precoder. Therefore, in the prior-art device comprising a 1T precoder 1-bit
digital words are affixed to the information words and thus 2-bit digital words
5 are affixed to the information words in the device comprising a 2T precoder.

When a 1T precoder is used, the affixing of a 1-bit digital word
is sufficient for sign inversion of all the bits of the obtained channel word after
precoding, and sufficient to control in this fashion the running digital sum value
in the precoder output signal. When a 2T precoder is used, a 2-bit digital word is

10 to be affixed to influence the sign of all the bits of the obtained channel word
after precoding.

According to the invention it will now be sufficient for a device
comprising a 2(or over)T precoder to affix only a single bit to an n-bit
information word. It is true, the affixing of this single bit makes it possible to

15 realise sign inversion for only half the number of bits of the obtained channel
word. However, it has turned out that this is sufficient for controlling the
running digital sum value of the precoder output signal. In addition, there is the
major advantage of a higher efficiency in the encoding compared to the
encodings known from European Pate'nt Application No. 250.049.

20 Further preferred embodiments will be described in the sub-
claims § to 10.

The invention will be further explained in the following
descriptions of the Figures with reference to a number of exemplary
25 embodiments, in which:
Fig. 1 shows a first éxemplary embodiment of the device;
Fig. 2 shows a 2T precoder;
Fig. 3 shows the conversion from a 24-bit information word to a
25-bit channel word;
30 Fig. 4 shows a further embodiment of the control signal
generating means;
Fig. S shows another embodiment of the control signal generating



The ‘channel word CWM is applied through the input 15 to fi rst.inputs of the

10 mul tipliers 50 and 52. In the multipliers 50 and 52 WPEK'@F[]'N@UT‘QHEEIT
CWM is nmultiplied by sinw2t and cosw2t respectively. Fig. 7/ shows how this

multiplication is carried out for successive channel words.|{ F|g r?a}wgp&__l
the serial data stream of the channel words plotted against|t n§3 i“i “whi ¢h
the last channel word and part of the penulsti mate channel rd-i.s—shown
Fig. 7b shows 15 the variation of sinw2t (or cosw2t) plofted agai nst
time and Fig. 7andane nul tiplications which are successive v —of—t-hewmme!

sine or cosine function respectively. In the integrators 51 and 53 these
val ues which are obtained Fi& ScHEWS 3ianyeEsionfeom -bi iefoEpdiog wadtme val ue

al ready. present asthit dfinfE R (6T} phddoldis R SEIRECLTY 3T Pébodel;

respectively. After each channel wo ( tthe' menories
in the integrators 51 and b@.drshowpplifurther tesplamtios iof niwl opecation rf nig: contrbl 58
through t he5 Squ%fg'nglgge%ler% ngn Enegngs 5%0\% irtl3 %ig?.’ { ?F EP 8ﬁ>tils \{g l)g 'reah?edt whﬁh a certain

frequency;

Fig. 8 shows the signal combining means as it can be inserted
between the signal affixing means and the aT precoder;
Fig. 9 shows a further exemplary embodiment of the signal
10 combining means;
Fig. 10 shows a third exemplary embodiment of the device;
Figs. 11 and 12 show the sync information affixed to the serial
data stream of the channel words;
Fig. 13 shows a number of possible applications of the device
15 according to the invention in a recording device for recording the serial data
stream of channel words on a magnetic record carrier;
Figs. 14 and 15 show a number of frequency characteristics of
the serial data stream of the channel words;
Fig. 16 shows another frequency characteristic of the serial data
20 stream of the channel words;
Fig. 17 shows an extension to the control signal generating
means shown in Fig. 5; _
Fig. 17a shows a further embodiment of the control signal
generating means shown in Fig. 17;
25 Fig. 18 shows two signals occurring in the circuit shown in Fig.
17; '
Fig. 19 shows a reproduction device for reading and decoding the
serial data stream of the (n+ 1)-bit channel words;
Fig. 20 shows the serial data stream of a number of successive
30 information words, and
Fig. 21 shows a device looking ahead during the encoding

operation to beyond one information word to be encoded.



si gnal conbining units the values of three squaring el ements

69. 3 are added

together after weighting as required. A siml arREBb%GENEYHnSHgET

performed on the channel word CA2 in 25 the multipliers 54 gnd—56,"The |

i ntegrators 55
signals of the

and 57 and the squaring el ements 69.5 and 69.p. | Tje; @ERPIT?
signal conbining units 58 and 59 which units pre arranged

for exanple, as adders, are again the errof signals el and ep Spectively,

from which the

conparator 34 derives the control signal cs ip the manner

descri bed herei nbefore. 3Fig. 1 shows the device comprfsutgrm\ mplrtttcmhn@'iguml i S
generated, as descri here nbef or e he con dditionally
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converts, again by way of example, three of these 8-bit digital words into a
single 24-bit digital information word which is presented at the output 3. The
device comprises signal affixing means 4. The signal affixing means 4 is
arranged for affixing a 1-bit digital word to successive n (= 24)-bit information
words presented at input 5. The means 4 thereto comprises a first unit 6 in which
a "0" is affixed to the 24-bit information word, that is to say, prefixed the 24-bit
information word, and a second unit 7 in which a "1" is prefixed to the 24-bit
information word. The 25-bit information words thus obtained are conveyed to
outputs 8 and 9 respectively, and through these outputs applied each to an aT
precoder 10 and 11 respectively, a being an integer greater than or equal to 2.

Fig. 2 shows a 2T precoder. Precoders of this type are known
per se. In a precoder of this type the output signal of the EXOR, available at the'
output 13 is delayed over a clock periods T in the input signal and fed back to
the input of the EXOR. The clock period T is the clock period of the serial
digital signal applied to the aT precoders 10 and 11. The precoders 10 and 11
convert the (n+1)-bit informﬁtion words applied to their inputs into (n+1)-bit
channel words available at outputs 13 and 14 respectively. The outputs 13 and 14
of the precoders 10 and 11 respectively, are coupled to inputs 15 and 16
respectively, of control signal generating means 17. This means 17 generates a
control signal cs at the output 18 in dependence on the (n+1)-bit channel words.
The outputs 13 and 14 of the precoders 10 and 11 are further coupled to the
respective terminals 19 and 20 of controllable switching means 22. A terminal of
the switching means 22 is coupled to an input 23 of a recording device 24. The
output 18 of the means 17 is coupled to a control signal input 25 of the switching
means 22 and to control signal inputs 26 and 27 of aT precoders 10 and 11
respectively.

A possible embodiment of the means 17 is shown in Fig. 4. The
means comprises integrators 30 and 31 whose inputs are coupled to the

respective inputs 15 and 16. The outputs of the integrators are coupled to first



12 transferred to the nenories of the integrators 55 and 57
tshrough the Iines 61 and 62. On the other hand, if control s} gﬁgﬁﬁwﬁ\%§%ﬂ

generated, the contents of the nmenories in the integrators 55 gnd 57 w1
be transferred to the menories of the integrators 51 and 53 |r esp@&t i@ $897

under the influence of this 5 control signal through thg Ifnes 63 and
64. Self-evidently, if one wishes to obtaifM an additional dijp in the
frequency spectrumat a third frequency f3, the control sig generating

nmeans 17" is to igpessfi sighal wnndﬁhgtummaﬁahdaacespecdvebymmh@utpnpmf th to the

adder 58, each b h I f
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addi ti onal branches I ng rom
signal cs.

5 The means 17 comprises, if so desired, a signal generator 35
whose input is coupled to second inputs of the combining units 32 and 33. Self-
evidently, if the signal generator 35 is absent, also the combining units 32 and 33
can be omitted. The signal combining units 32 and 33 operate as subtractors as
will be clear from the following. Furthermore, the output of the comparator 34 is

10 coupled to control signal inputs 36 and 37 of the integrators 30 and 31
respectively.

The operation of the device shown in Fig. 1 is as follows. As
observed hereinbefore, the 24-bit information words are applied to the affixing
units 6 and 7. At the outputs 8 and 9 respectively, 25-bit information words

15 appear, 24 bits of which (in this example the least significant bits) representing -
the original 24-bit information word and a "0" being affixed as the most
significant bit in one case (unit 6) and a "1" being affixed in the other case (unit
n.

Figs. 3a and 3b show éxamples of two 25-bit information words

20 realised in this fashion. The centre column in the tables shows, above the
horizontal line, a 25-bit digital information word. The affixed (1-bit) digital
number is represented here in brackets.

Depending on the contents (xl, x2) of the two memories in the
precoders (compare the left columns in Figs. 3a and 3b) these precoders produce

25 one of the four 25-bit channel words as they are represented in the centre column
in the Tables of Figs. 3a and 3b.

When comparing the two 25-bit channel words obtained in the
precoders 6 and 7, with identical contents (xl, x2) of the memories in these
precoders, the result is that two 25-bit channel words are obtained of which the

30 even bits are equal to each other, but the odd bits are each other’s inverse. This
property is highly advantageous and relates to the fact that an aT precoder is
used where a is equal to 2. This will be further explained with reference to Fig.
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5 Fig. 6 shows that a 1T precoder with a certain content of the

(single) memory in the precoder, which content in this case is assumed to be

equal to "0", has encoded the 25-bit information word into a 25-bit channel word

so that the Tmax' i.e. the maximum number of successive "zeros”

or "ones" in

the serial data stream of the 25-bit channel words, has practically not changed

10 compared to the Tmax in the serial data stream of the 25-bit information words.
This holds both for the case where the affixing means 4 has affixed a "0" and
where it has affixed a "1, irrespective of the content of the precoder prior to the

encoding of the information word concerned.

If the affixing means, more specifically unit 6, has affixed a "0"
15 to the 24-bit information word, the 2T precoder will produce a 25-bit channe]l -

word in which the number of successive "zeros” and "ones" is drastically

reduced, cf. Fig. 6a. Consequently, one is better capable of keeping the Tm ax

under control in the serial channel word data stream.

The 2T precoder does not produce any improvement in the

20 Tmax’ cf. Fig. 6b, if it is true, for the case where a "1" has been

affixed by the

affixing means, more specifically unit 7. The disparity of this 25-bit channel
word, i.e. 23, cf. Fig. 6b, is unfavourable (unfavourably high) compared to the

disparity of the 25-bit channel word produced by unit 6, i.e. 1, cf.
such an extent that generally the 25-bit channel word produced by

Fig. 6a, to

unit 6 will be

25 selected in the selecting stage to be discussed hereinafter. A reasoning analogous

to the one described above also holds for the other contingent content of the

precoder prior to encoding.

When a 3T precoder is used, it is evident from Fig. 6 that in
both cases the number of successive "zeros” and "ones" in the 25-bit channel
30 words is smaller than in the corresponding 25-bit information words. in general,
for the other contingent content of the precoder prior to encoding there is a

reasoning which is again analogous to the reasoning provided when the 2T
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whi ch may be inserted between the output 9 of the signal aff
in Fig. 1 and the input of the aT precoder 11. Between the
signal affixing nmeans 4 and the input 12 of the aT precoder
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precoder is used for which holds a = 2, the T in the serial data stream of
the channel words can be controlled better.

The two 25-bit channel words CW, and CW, derived by the
precoders 10 and 11 are applied to the switching means 22 and to the generating
unit 17. In the unit 17, by means of integrator 30, cf. Fig. 4, the disparity of the
channel word CW, of the precoder 10 is added to a value already present in the
integrator. This value corresponds to the running digital sum value of the serial
data stream of the channel words as applied to the terminal 21 of the switching
means 22. .

Similarly, by means of the integrator 31, the disparity of the
channel word CW, of the precoder 11 is added to a value present in the
integrator 31. This value too corresponds to the running digital sum value of the
serial data stream of the channel words available at terminal 21, and is thus equal i
to the value available in the integrator 30. The signal generator 35 produces a
signal RV corresponding to the desired digital sum value in the serial data stream
of the channel words at terminal 21.

By means of subtraction in the combining units 32 and 33 two
error signals & and e, are obtained which show how much the digital sum value
in the serial data stream, having the channel word CW I CW2 respectively, as a
last channel word, deviates from the desired digital sum value. In the comparator
34 a choice is made for the error signal having the. smaller absolute value. Thus,
if the error signal e, proves to be the smaller, a control signal cs is produced at
output 18 so that the switching means 22 assumes the position in which the
terminals 19 and 21 are coupled to each other. The channel word CW | can now
be applied as the next channel word to the input 23 of the recording means 24.
The delays in the lines from the outputs 13 and 14 to the switching means 22 are
intended to compensate for the time necessary for deriving the control signal in
the detector 17.

In addition, under the influence of this control signal cs;, which
is applied to the control signal inputs 36 and 37, the value in the integrator 30 is



76. 1 and 76.2. An EXOR conbines the 1-bit digital word affixgd to the n-hit
information word to the ith bit of this n-bit information wo (REPQAGEP\HWW“HEET
thelth bit of a newinformation word which is applied to a Ly

together with the 1- 5 bit digital word and stored in thi rremy (@
new (n+ 1)-bit information word. The nenory 75 ‘may form part| of Afl%;h ?
conbining units 73 or part of the aT precoggr 10 or 11. Fig.| 8a—shews—an

EXOR 76.1 which conbines the 1-bit digital word stored at th menory
Iocatlon 74.1 W fefed fd frat f3qt
thdhs fH mllégltag{c? 31 tﬁ':% n{ifg K’@%&) ﬂﬂﬁm two i Ve R

the second nenory | ocation 74 _ nory e output~o
76.1 is coupl ed stared hgaid ﬂmﬂamofrumm@ égwmmm theic atemminied’5. 2 in t he

menory 75. Furthernore, con avai | ich in this case
combi nes the contents of tﬁz Y eI1 th‘féf"f‘rgﬁﬂg"fxlmﬁ te CBHEHUS n ¢ he
content of the nRPLY df eeinkMBrietSinGhd ﬁre&&&r B R#Hidh dontents are applied to the

5 control signal inputs 26 and 27 of the precoders 10 and 11 are transferred to the

two memories of the précoder 11 through the line 42 so that the memories of the
two precoders again have the same contents (xl, x2).
If the error signal e, proves to be the smaller, a control signal
csy is generated so that under the influence of this control signal the switching
10 means 22 assumes the position shown in the drawing, see Fig. 1, and the
terminals 20 and 21 are coupled to each other. The channel word CW2 is applied
to the recording means 24 as the next channel word in the serial channel word
data streani. In addition, under the influence of the control signal ¢Sy, the value
stored in the memory of integrator 31 is applied to the memory of the integrator
15 31 through line 41 and stored in this memory, while the content (xl, x2) of the -,
precoder 11 is stored in the memories of the precoder 10 through line 43.
For the case where the error signals e and e, show parity it
may be decided, for example, always to generate the control signal csy-
By means of the device described hereinbefore, a digital signal
20 free from DC current can be produced at the input 23 of the rccofding means 24,
In fact, this signal is produced because the adjustment is such that the running
digital sum value in this signal is adjusted to zero. This may be effected by
means of the control signal generator of Fig. 4, in the absence of the signal
generator 35 and the subtractors 32 and 33, or by enabling the generator 35 to
25 produce a zero signal. By inserting the generator 35 and the subtractors 32 and
33, a pilot signal may additionally be inserted in the digital data stream. The
integral of this pilot signal will then have the form of the desired variation of the
digital sum value as a function of time as provided by the generator 35.
Making this encoding free from DC current and adding a pilot
30 signal to the code in the form of a desired variation of the digital sum value is a
prior-art technique. For example, the reader be referred to aforementioned
European Patent Application No. 339,724 (PHN 12.533).
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for each next EX@S, reslised), &scahhdiF¥ORsecond frequency fy (= wy/27).
5 The control signal generating means 17" thereto further comprises
multipliers 50, 52, 54 and 56, integrators 51, 53, 55 and 57, two signal
combining units 58 and 59 and squaring elements 69.1 to 69.6. The integrators

51, 53, 55 and 57 are arranged in the same manner as the integrators 30 and 31.
The channe] word CW1 is applied through the input 15 to first inputs of the

10 multipliers 50 and 52. In the multipliers 50 and 52 the channel word CW1 is
multiplied by sinw,t and coswst respectively. Fig. 7 shows how this
multiplication is carried out for successive channel words. Fig. 7a shows the
serial data stream of the channel words plotted against time, in which the last
channel word and part of the penultimate channel word is shown Fig. 7b shows

15 the variation of sinwst (or coswst) plotted against ime and Fig. 7c the i
multiplications which are successive values of the sine or cosine function
respectively. In the integrators 51 and 53 these values which are obtained for
each channel word CW 1 are added to the value already present in the memory
(Mem) in the integrators 51 and 53 respectively. After each channel word the

20 contents of the memories in the integrators 51 and 53 are applied to the signal
combining unit 58 through the squaring element 69.2 or 69.3 respectively. In the
signal combining units the values of three squaring elements 69.1, 69.2 and 69.3
are added together after weighting as required.

A similar operation is performed on the channel word CW2 in

25 the multipliers 54 and 56, the integrators 55 and 57 and the squaring elements
69.5 and 69.6. The output signals of the signal combining units 58 and 59 which
units are arranged, for example, as adders, are again the error signals ¢ and ey
respectively, from which the comparator 34 derives the control signal cs in the
manner described hereinbefore.

30 If the control signal cs; is generated, as described hereinbefore,
the control signal is additionally applied to the memories in the integrators 55

and 57 and the contents of the memories in the integrators 51 and 53 are
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memories of the integrators 51 and 53 respectively, under the influence of this
5 control signal through the lines 63 and 64.
Self-evidently, if one wishes to obtain an additional dip in the

frequency spectrum at a third frequency f3, the control signdl generating means
17’ is to comprise two additional branches from the input 15 to the adder 58,
each branch including a series connection of a multiplier, an integrator and a

10 squaring element and multiplications of sinw3t and coswt (w3 = 2-:rf3) being
realised in the multipliers. Likewise, two additional branches leading from the
input 16 to the adder 59 are necessary, also including each a series connection of
a multiplier, an integrator and a squaring element. Here too the multipliers
perform multiplications by sinw3t and CosWst. Depending on the control signal

15 cs obtained, the contents of the integrators in the additional branches leading
from the input 15 to the adder 58 are transferred to the memories of the
integrators included in the additional branches leading from the input 16 to the
adder 59, or vice versa. _

It should be. observed in this context that the amplitude of the

20 pilot signal as imposed by the generator 35 in the circuit of Fig. 5, is to be
selected in such a way that the control is also capable of realising the dips at one
or more frequencies by means of the circuit of Fig. 5. This means that the
amplitude of the pilot signal in the generator 35 is to be adjusted to an optimum
value, which is to say, not too large.

25 Fig. 8 shows in Fig. 8a a signal combining means 73 which may
be inserted between the output 9 of the signal affixing means 4 in Fig. 1 and the
input of the aT precoder 11. Between the output 8 of the signal affixing means 4
and the input 12 of the aT precoder 10 the same signal combining means may be
inserted. Fig. 8a shows a memory 74 in which the (n+ 1)-bit information word

30 obtained in the signal affixing means 4 may be stored. This memory 76 may
form part of the signal affixing means 4 or part of the signal combining means
73. The signal combining means 73 comprises at least one signal combining unit,
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avoid error propagation during reproduction, propagation 1s
of a new information word which is apphed to a memory 75 together with the 1-

5 bit digital word and stored in this memory as a new (n+ 1)-bit information word.
The memory 75 may form part of the signal combining units 73 or part of the aT
precoder 10 or 11.

Fig. 8a shows an EXOR 76.1 which combines the 1-bit digital
word stored at the memory location 74.1 with the first bit of the information

10 word stored at the second memory location 74.2 of the memory 74. The output
of the EXOR 76.1 is coupled to the input of the second memory location 75.2 in
the memory 75. Furthermore, a second EXOR 76.2 is available which in this
case combines the contents of the memory locations 74.1 and 74.8 to obtain the
content of the memory location 75.8 in the memory 75 .

15 The further memory locations in the memory 74 are directly
coupled to the inputs of the corresponding memory locations of the memory 75.
The new (n+1)-bit information word thus obtained and stored in the memory 75
is now applied to the aT precoder.

' Fig. 8b shows the (xH- 1)-bit channel word that would have been

20 obtained after 2T precoding of the (n+1)-bit information word present in the
memory 74 and Fig. 8c shows the (n+-1)-bit channel word that would have been
obtained after 2T precoding of the (n+1)-bit information word present in the
memory 75. The above holds under the assumption that in both cases the content
of the aT precoder was "01".

25 The advantage of the extension by the EXOR 76.1 is that as a
result the odd bits in the n-bit information word can also be influenced by the
affixed 1-bit digital word. This hoids for each next EXOR, such as the EXOR
76.2. For that matter, Fig. 8c distinctly shows that from the memory location
75.8 onwards all bits are "1" again.

30 As will be further explained hereinafter the PR4 detection on
reproduction provides that the detected channel words again look like the (n+1)-

bit information words as théy were stored in the memory 75.
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P (n+ 1)-bit information word is processed in the EXOR’s 78.1 and 78.2 the

original (n+1)-bit information word stored in the memory 74 of Fig. 8a is again

obtained in the memory 79.

Needless to observe that, according to wishes, the signal
combining means 73 (and thus also 73’) may comprise a single or rather more

10 than two EXOR's.

Fig. 9 shows another embodiment of the step in the signal
combining means. As aiready observed hereinbefore the 24-bit information words
are obtained by combining three 8-bit information words. This is shown in Fig.
9a. Now, if there are two or more exclusive-OR gates in the signal combining

15 means 83, preferably only bits belonging to one of the 8-bit information words |
will be combined with the 1-bit digital word. The reason for this is that one
wishes to avoid error propagation during reproduction, which propagation is a
consequence of an erroneous reading of the affixed bit.

In order to still mhse a correct spreading of the EXOR's over

20 the 25-bit information word, one or more of the bits of the 8-bit information
word concerned change places. This is shown in Fig. 9a.

For reducing the influence of the aforementioned erroneous
reading of the extra bit, one preferably combines the least significant bits of an
8-bit information word with the affixed bit in the signal combining means 83.

25 From Fig. 9a it is evident that the two least significant bits of the second 8-bit
word included in the 24-bit information word is combined with the extra bit.
Thereto, the 24-bit information word iw) is converted to a 24-bit information
word iw|’, while the bits 15 and 16 of the information word iw; are moved to
the positions 17 and 19 in the information word iw;’. The bits 1 to 6 and 20 o

30 24 retain their positions during this move. The bits 7 to 14 move one position to
the right and the bits 17, 18 and 19 one position to the left.

Subsequently, the extra bit is affixed and the combining operation
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is applied to the precoder.

Fig. 9b shows the reverse process during reproduction. The
reproduction provides the word iw,,,, which is converted by means of the
combining unit 83’ in the same fashion as represented in Fig. 8d. The bits 7 and
19 are then to be returned to their correct positions after which the original 24-
bit information word iw, is obtained.

An extension to the circuit as shown in Fig. 1 is shown in Fig.
10. The output 13 of the precoder 10 is then coupled to the input of a "larger
than Tmax" detector 90. The output 14 of the precoder 11 is then also coupled to
the input of a T max detector 91. Let us assume that the maximum number of
"zeros" or "ones" in the serial data stream of the channel words is equal to nine,
detectors 90 and 91 will then generate control signals at their outputs if in the
serial data stream of the channel words CWi and CW2 respectively, more than
nine successive "zeros" or "ones" occur. The outputs of the detectors 90 and 91 "
are coupled to the inputs 93.1 and 93.2 respectively, of a decision unit 92 which
is arranged downstream of the control signal generating means 17.

In this respect it should be observed that for the Tp,,, detection it
is possible to look beyond the boundaries of the channel words to find if a
sequence of successive "zeros” or "ones" occurs larger than the permitted
number.

If the detectors do not generate control signals at‘their outputs,
the control signal cs at the output 18 of the means 17, which signal is fed to the
input 93.3 of the decision circuit 92, is transferred to the output 94 of this circuit
92. The device then operates in the fashion as described with reference to Fig. 1.

Let us assume that the detector 90 generates a control signal.
This means that for the channel word CW 1 it holds that the maximum number of
“zeros” or "ones" in the serial data stream at terminal 21 would be exceeded.
This control signal of the detector 90 is applied to the input 93.1 and provides
that the control signal cs of the means 17 is blocked in the decision circuit 92.
The decision circuit 92 now generates of itself the second control signal Csy SO
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means will assume the position in which terminal 19 is linked to terminal 21.
The channel word CW1 is now applied to the recording device 24,
Alternatively, it is possible for the two detectors 90 and 91 to
generate a control signal and apply this control signal to the inputs 93.1 and 93.2
10 of the decision circuit. The circuit 92 will also in this case block the control
signal cs of the unit 17. If fewer successive "zeros" or "ones" turn out to occur
in the serial data stream at the output of precoder 10 than in the serial data
stream at the output of precoder 11, the decision circuit 92 will generate the
control signal Cs, so that the channel word CW1 is transferred. Self-evidently,
15 the two detectors 90 and 91 are thereto to comprise means for determining the
maximum number of "zeros” or "ones” in the output signals of precoders 10 and 1
11 and the maximum numbers for the two channel words are to be applied to the
decision circuit 92 so that this circuit 92 can generate the desired control signal
cs.
20 It should be observed in this respect that once a decision on
either of the channel words has been made, the information available in the
T jax detectors 90 and 91 is made equal again under the influence of the control
signal at the output of circuit 92, in the same manner as already described with
reference to the precoders 10 and 11 and the integrators in Figs. 4 and 5.
25 Obviously, the extension of the device of Fig. 1 as described
with reference to Figs. 8 and 9 can also be applied to the device of Fig. 10.
Affixing a sync' word to the serial data stream of the channel
words is effected as follows.
Let us assume that the Tmax in the data stream has been
30 determined to be 9 bits in the manner described hereinbefore. In order to detecta
sync word in this data stream this sync word is to be unique. A possibility is a

sync word in which, for example, 10 successive "zeros” or "ones" occur.
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S0 described hereinbefore. At regular recursive instants (sync instants) only a single
5 8-bit digital word b2 in lieu of three 8-bit digital words is combined with a 15-bit
sync word b, in the form of 011000000001101, cf. Fig. 12, whilst the sync
word b; comes first and then the 8-bit digital word by. In the signal affixing unit
6’ a two-bit word b3 equal to "00" is affixed to this 23-bit word so as to obtain a
25-bit information word il which is applied to the 2T precoder 10. In the signal
10 affixing means 7° a two-bit word by equal to "11" is affixed to this 23-bit word
also to obtain a 25-bit information word 12 which is to be applied to the 2T
precoder 11.
| The two-bit word b3 is prefixed to the 23-bit word in order to
obtain the 25-bit information words. In this example these two bits are in fact the
15 two most significant bits of the 25-bit information words.

The moment the information words i1 and i2 are applied to the
respective precoders 10 and 11, these precoders are first preset to the contents of
their two memory locations X1» X9 i.e. "00". After an encoding operation in the
precoders these information words il- and 12 produce the channel words CW, and

20 CW2 as they are represented in Fig. 12. It will be evident that the two channel
words can be used for the synchronization since they comprise ten successive
"ones” or "zeros" respectively, so that these channel words can be detected when
they are read out by a sync detector.

Needless to observe that the T, detectors 90 and 91 are to be

25 switched off during the period of time in which the precoders 13 and 14 produce
the encoded 15-bit sync word.

Fig. 13 shows a number of possible applications to the devices
described hereinbefore for magnetic channel word recording. In Fig. 13a a
recording device according to the helical scan principle is depicted in which two

30 write heads K 1 and K2 are positioned diametrically opposite each other on 2
rotatable head drum 100. The record carrier is wound over 180° around the head
drum. The heads K, and K, successively record the tracks T,, T,, Ty ... and so
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words recorded in successive tracks are each time extended by pilot signals with
different frequencies. Fig. 13a shows cycles of four pilot signals with different
frequencies fl’ fz, f3 and f4. The frequency characteristic of the signal as
recorded, for example, in track T, is diagrammatically shown in Fig. 14. In
addition to the pilot signal at a frequency f 1’ there are dips at the frequencies f
=0,f= fyand f = fa.

It is an object of the pilot signals to enable tracking during
reproduction. Also the crosstalk of the pilot signals from the two adjacent tracks
Ty and T is read out when the track T, is read by the head K,. From this
composite signal a tracking control signal is derived in response to which the
read head is positioned on the track to be read, for example by driving a
piezoelement on which the head is installed, or by controlling the tape transport.’
Reading the pilot signal crosstalk from the adjacent tracks 'I‘3 and T5 means that
the crosstalk of the pilot signals f2 and f, is to be read from the respective tracks
T and T

3 5
In order to have this measurement disturbed the least possible by
the signal in the track T,, the dips are introduced with f, and f2. It may be
evident that for the other tracks frequency characteristics are valid which are
similar to the frequency characteristic shown in Fig. 14. The peak then occurs at
a different frequency (f2, f3 or f,), and so do the dips (at f1 and f3 respectively,
f2 and f4 respectively and f3 and fl respectively).

The detection of the pilot signal during the reading operation, to
realise tracking, is extensively discussed in aforementioned European Patent
Application (PHN 12.533) so that no further explanation is necessary here.

Fig. 13b shows two adjacent and rigidly intercoupled heads K1
and K2 These heads KI' K2 record track pairs Tl’ Tz; T3, T4; TS’ ’-{'6; ... and
so on during successive revolutions of the head drum 100. The record carrier
101 can be wrapped around the head drum 100 at an arbitrary angle. The letters
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generate the control signal csl so that the channel word CAM{i s

transferred. Self-evidently, 15 the two detectors 90 and Pl agest ‘?éé%

to conprise neans for determining the maxi rum nunber of "zerps| or” "“ories™
in the output signals of precoders 10 and 181 and the maxi munj ntmbers—for

the two channel words are to be agiglied to the decision circpit 92 so that
this circuit 923chandenisthettmckhin bigsbh ceferionthe @eqlsdngylaharweﬁwlg -
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detectors 90 anchdtdctdristicensterhe ffoimatigairetordedan thd@adksf | uence of the control
signal at the output of circuit 92, in the same manner as already descri bed

with reference to the prectbet $etackpgrsT) andiTpreee read byrthe heads iy amdgs. 4
and 5. 5 K, respectively, K {» reading the information from track T |» also reads the

crosstalk of the pilot signal t'2 from track T2. In order to enable an optimum
reading operation, preferably a dip at this frequency f2, cf. Fig. 15a, is provided
in the frequency characteristic of the signal recorded in track Tl‘ The head K2
likewise reads the information from the track T, and also the crosstalk of the
10 pilot signal f'1 from the track Tl. Therefore, a dip preferably occurs at the
frequency fl’ cf. Fig. 15b, in the frequency characteristic of the information in
track '1‘2.
From the read crosstalk signals a control signal can be derived
which may be used to realise tracking during the reading operation. The pair of
15 heads K, K2 is thereto installed on a piezoelement or the tracking is performed i
by controlling the transport speed of the record carrier.
If the heads Kl and K.2 subsequently read the pair of tracks T3,
T,, head K 1, reading the track 'I‘3, will also detect crosstalk of the pilot signal f2
from the track T, and the head K., will detect the crosstalk of the pilot signal f;
20 from the track TS‘ In order to realise the appropriate control signal for the
tracking, signal inversion is first to be applied to the two detected crosstalk
-signals.
For the frequency characteristic of the sigrials in the track Ty, cf.
Fig. 15¢, a dip at the frequency fz (and not at the frequency fl) might be
25 sufficient and for the frequency characteristic of the signal in the track 'l‘4 a dip
at the frequency t‘l (and not at the frequency f,). However, for an optimum
detection of the pilot signal it is still preferred to have dips at both frequencies.
Furthermore, the phases of the pilot signais f1 in the tracks Ty Ts, Tg, .... and
so on, are preferably mutually shifted through 90° so that when the pilot signal is
30 detected in a track (for example TS)' this detection is effected to the least
possible extent by the pilot signal fl in the tracks T1 and Tg. Naturally, the same
method is then applied to the pilot signals f2 in the tracks T2, T6, .... This
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word can be accommodat ed ifhe detection of the pilot signals in the case of Fig. 13b, to
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realise tracking during reproduction, is extensively discussed in European Patent
Application 343,726 (PHN 12.574), so that a further explanation of this matter
may be dispensed with.

Fig. 13c shows two pairs of heads K, K, and K3, K, disposed
diametrically opposite each other on the head drum 100. The record carrier 101
is wrapped around the head drum 100 through 180-. The pair of heads Kl' K2
reads the pairs of tracks Tl’ Tz; TS’ T6; Tg, TIO; ...., and so on. The pair of
heads K3 and K, reads the pairs of tracks T3, Ty Ton Tg; ... and so on. The
letters a, b and c in the tracks again refer to the frequency characteristics in the
respective Figures 15a, 15b and 15c¢.

When the pair of tracks T, T, is detected by the pair of heads
K It K‘Z, the head K2 additionally detects the crosstalk signals of the pilot signals
f 1 and f2 from the tracks Tl and 'I‘3 respectively. In response to these detected -
crosstalk signals a control signal for tracking can be derived. While the pair of
tracks Ty, T, is detected by the pair of heads K4, K, head K, additionally
detects crosstalk signals of the pilot signals £2 and f1 from the tracks T3 and T5
respectively. In response thereto a control signal for tracking can again be
derived.

A

A further improvement of the detection of a pilot signal, such as
the pilot signal having the frequency f, in Fig. 152, may be realised by effecting
a dip in the frequency spectrum around frequency fl during the recording. This
is represented in Fig. 16. It is clearly evident that the frequency spectrum is
reduced around frequency f 1 This means that the signal-to-noise ratio for the
detection of the pilot signal at the frequency f, is increased. To realise this, the
circuit of Fig. 5 is to be extended. In Fig. 17 this extension is shown but only
for half the circuit of Fig. 5, that is to say the top half, which is the circuit
between the input 15 and the output 58.1 of the adder 58 in Fig. 5.

Fig. 17 shows an extension in the form of two additional
branches comprising a signal combining unit 170 constituted by a subtractor,
multipliers 172 and 173, integrators 174 and 175 and squaring elements 169.1
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I.s arranged for conbining three 8-bit digital words to 24-bi R { proatdPRUEET
words as descri bed hereinbefore. At regular recursive instanfs _(sSync...
instants) only a single 5 8-bit digital word b2 in lieu pf mrreem% bl
digital words is conbined with a 15-bit sync word bl in the of =% =7
011000000001101, cf. Fig. 12, whilst the s¥nc word bl comes fitst_and then |

the 8-bit digital word b2. In the si Enal affixing unit 6' a fwo-bit word b3
equal to "00" i 3nhi§9.-2eTo asecondSnpy-136 of hersubisacters! 10x ssvare w it
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In the subtractor 170 the square wave is subtracted from the

signal at input 15. The differential signal is applied to multipliers 172 and 173 in
which the differential signal is multiplied by sinwlt and cosw, t respectively. The
signals thus obtained are reproduced in integrators 174 and 175 which again may
10 have the shape as represented in Fig. 5. By means of squaring elements 169.1
and 169.2 the two signals are applied to the adder 58°.
Self-evidently, the integrators 174 and 175 have each two lines
(not shown) connecting them to the corresponding integrators in the bottom half
of the circuit of Fig. 5, so that the contents of the corresponding integrators in
15 the two halves can again be made equal to each other under the influence of a
control signal cs after each information word has been encoded.
The control signal generating means as shown in Figs. 4, 5 and
17 may also be realised by means of a slightly different circuit. This is shown by
means of the circuit of Fig. 17a for the circuit of Fig. 17. The generator 171 in
20 Fig. 17 is now inserted before the branching into the various paths. The circuit
of Fig. 17a is then capable of inserting a pilot signal into the data stream with
the frequency f;. If no pilot signal is to be inserted into the data stream, the
generator 171 may be omitted. The top branch comprises a low-pass filter 179.
Due to the presence of this filter 179 the data stream is rendered free from D.C.
25 current. The second branch comprises a bandpass filter 180 having a central
frequency f5. Due to the presence of this filter 180 the dip is realised with
frequency fy. The dip around the peak at f| is realised due to the presence of the
bandpass filter 181 having central frequency f;.
A device for detecting the channel words and subsequently
30 decoding these channel words into information words is shown in Fig. 19. The
device comprises a read head 185 coupled to an input 186 of a PR4 detector 187,
of which an output 188 is coupled to an input 189 of a decoding unit 190. An



15 two nost significant bits of the 25-bit information word pil e

the information words i1l and i2 are applied to the respectiv F_ - ot ‘“18’{ EET
and 11, these precoders are first preset to the contents of thdir tv\b“"” T
menory | ocations x1, x2 i.e. "00". After an encodi ng operati n7| Al Bhars <o
precoders these information words i1l and i2 produce the changell_words CM

and 20 CW2 as they are represented im2Fig. 12. It wll be¢ evident that
the two channel words can be used for the synchroni zation siihce they

conprise ten soepesHive thedesdingrunitzl0ds toupieaipoahe webt, tesindlN®L. t hese
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produce the encoded 15-bit sync wor shows @ nunber of possible
appl i cati ons t tyingheeagdhe frequency of the pilot sxgnal The detector 193 produces therefrom

5 the tracking control signal at an output 194.

The decoding unit 190 receives at its input the (n+1)-bit
information words. The decoding nit 190 comprises a sync signal detector 195
which detects from the serial data stream of the information words the sync word
b 13 is shown in Fig. 12. Once the sync word b1 has been detected the decoder

10 190 knows at which positions in the serial data stream of the (n+ 1)-bit
information words the 1-bit digital words are found. The control signal supplied
by the sync detector 195 to a unit 196 belonging to the .decoding unit 190
provides that the unit 196 removes the 1-bit digital words from the serial data
stream of the information words. The original data stream of the n-bit

15 information words will then appear at the output 192,

The Figs. 20 and 21 show a device in which, contrary to the
device described hereinbefore, one looks ahead beyond a single information word
for determining the 1-bit digital word to be affixed to an n-bit information word
iwy. ‘

20 Fig. 20 shows the serial data stream of the successive
information words iw,, iwy and iw4. A 1-bit digital word, réferenced Yi» is to be
affixed to the information word iw; and a 1-bit digital word, referenced y,, to
the successive information word iw,.

The running digital sum value after aT precoding of the channel

25 words obtained by the aT precoder from the (n+ I)-bit information words will
change from DSV, i.e. the running digital sum value in the serial data stream of
the channel words up to the encoding instant of the information word iwy, to
DSV due to the encoded information word iw;, and thereafter to DSV, due to
the encoded information word iw,.

30 In the previous embodiments the selection for the bit y, to be

| affixed to the information word iw, was determined by the past (DSV()-and by

the information word iw), so that the digital sum value of the channel words



descri bed herei nbefore for magnetic channel word recording.
recordi ng device according to the helical scan principle is
whi ch two 30 wite heads K1 and K2 are positioned dianetr
opposite each other on a rotatable head drum 100. The record
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desired variation for the digital sum value.

In the device shown in Fig. 21 the selection for v, is now also

determined by the variation of the running digital sum value of the data stream of

5 the channel words, including the encoded information word iw,. Actually, a 1-bit

digital word y, is added to the information word iw; and a 1-bit digital word y,
is added to the information word iws, i.e. such words y; and y, that the running

digital sum values DSV, DSV, and DSV, are optimum approximates of a

desired running digital sum value.

10 Fig. 21 gives a diagrammatic representation of such a device.

Through the input 199 the two information words iw; and iw, are applied to the

device. The n-bit information word iw) is then stored in the units 200.2, 201.2,
202.2 and 203.2 in which a "0"-bit (in the units 200.2 and 202.2) or a "1"-bit (in
the units 201.2 and 203.2) is affixed to the information word iw;. The

15 information word iw is stored in the units 200.1, 201.1 202.1 and 203.1, in

which a "0"-bit (in the units 200.1 and 201.1) or a "1"-bit (in the units 202.1
and 203.1) is affixed to this information word iw,. Subsequently, the four serial
data streams of the two information words iwy and iw, to each of which a "0" or
a "1" is affixed, are transported to précoders 204.1 to 204.4 in which the data
20 streams of the two (n+1)-bit information words are encoded to data streams of
two (n+1)-bit channel words. Thereafter, the four data streams are applied to the
detector 205. The detector 205 then generates at its output 206 a control signal to
be applied to the controllable switch 207 which, in response to the control signal,
assumes a position in which one of the terminals 207.1, 207.2, 207.3 and 207.4

25 is connected to the terminal 207.5.

Let us assume that in response to the control signal the switch
207 assumes the position in which the terminal 207.2 is coupled to the terminal
207.5, this means that the output signal of the precoder 204.2 is presented at the

output 208.

30 The operzition of the device may be such that each time pairs of

successive information words, such as iw; and iw; and consecutive pairs of

successive information words, such as iws and iwy, iwg and iwg, .... and so on,
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crosstalk fromthe adjacent”tracks T3 and T5 means that

5

204.1 to 204.4 are again identical under the influence of the control signal of the
detector 205. In the above example this would mean that the contents of the

memory locations in the precoder 204.2 are copied to the memories of the

-precoders 204.1, 204.3 and 204.4.
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The operation of the device may also be such that in the manner
described hereinbefore the control signal is derived from two successively
encoded information words iw, and iw,, but that on the basis of this control
signal only the encoded information word iw; is presented at the output 208 and
that the procedure is reiterated for two successive information words iw, and
iwg, iwy and iwy, .... and so on.

In the previous example this would mean that the information
word iw| encoded by the precoder 204.2 is presented at the output 208 and after
the encoding of the information word iw; the contents of the memory locations
in the precoder 204.2 are to be copied to all precoders for subsequently encoding
the pair of information worcis iwg and iws.

The oﬁeration of the detector 205 will be explained below. The
detector 205 may have a similar structure as one of the detectors of Fig. 4, 5 or
17.

Each of the branches from the inputs 209.1 to 209.4 to the
comparator (not shown) included in the detector 205, produces an error signal
e; 1 and e; 5 after the encoding of the (n-+ 1)-bit information word iw or the
(n+1)-bit information word iw, resp@éﬁvely, ¢f. Fig. 20. These error signals are
also shown in Fig. 21.

The decision criterion may be, for example that the magnitudes:

&% + &
are determined for i ranging from 1 to 4.
Subsequently, the smallest of the four values is determined and

this choice then determines which control signal is generated. In the previous

e a0 by
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respective tracks T3 and T5 In order to have this measurenent
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with f4 and f2. It may be evident that for the other tracks freque BCYpn
characteristics are valid which are simlar to the frequencyjchHara te?l
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K2. These heads Kl, K2

record track pairs T1, T2;NeEdlessTth,obiérve Tifat althomghl hardware arrangements have

5 been described hereinbefore, the arrangement may naturally also be a software

arrangement utilizing a microprocessor. Furthermore, it should be observed that

the device as described with reference to the Figs. 1, 8 and 10 is a parallel

arrangement in the sense that with time the channel words from which the

control signal is subsequently derived are generated more or less in parallel.

10 Alternatively, it is possible that the channel words from which a choice can be

made are derived consecutively. In that case only a single aT precoder 10, cf.

Fig. | is necessary and a single unit 6, which unit then is to be capable of

affixing both a "0" and a "1" to an n-bit information word. This solution does

require more memory capacity for a temporary storage of the channel words

15 obtained.
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information track on a magnetic record carrier, and for converting, prior to

recording, n-bit information words in the presented digital information signal into

(n+m)-bit channe! words, where n and m are integers and for which holds m >

5 1 and n > m, comprising

- an input terminal for receiving the n-bit information words,

- an encoding device having an input coupled to the input terminal and having an

output, which encoding device comprises an aT precoder, a being an integer

greater than or equal to two, which encoding device is arranged for converting

10 the n-bit information words into the (n+m)-bit channel words and for presenting

the channel words at the output,

- a recording device having an input coupled to the output of the encoding

device, for recording the (n+m)-bit channel words in the information track on

the magnetic record carrier, characterized in that the encoding device comprises -

Al

15 signal affixing means for affixing each time an m-bit digital word, where m is
equal to 1, to a consecutive n-bit information word to obtain an (n+1)-bit
information word, in that the aT precoder is arranged for converting the (n+1)-
bit information words into (n+ 1)-bit channel words, in that the encoding device

further includes control signal generating means, in that the control signal

20 generating means is arranged for receiving the (n+1)-bit channel words from the
aT precoder and for deriving a control signal from the (n+1)-bit channel words,
and in that the signal affixing means is arranged for affixing a 1-bit digital word
to an n-bit information word in response to this control signal, so that the
running digital sum .value in the output signal of the precoder plotted against time

25 shows a behaviour according to a desired pattern.
2. Device as claimed in Claim 1, characterized in that n is greater

than or equal to 10.

3. Device as claimed in Claim 2, characterized in that n is equal to
24.
30 4. Device as claimed in one of the precedmg Claims, characterized

in that a is equal

to 2 or 3.
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characteristic of the information in track T2. Fromthe read|criosstal k
signals a control signal can be derived wh2Zh may be used tojrealise .
tracki ng during the reading operation. The pair of 15 heads K1, K2 is
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controlling the . transport speed of the record carrier. |f the heads Kl and
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track T5. |n or deat theofrequghdysehatdcteriayipobihe ioatpat sigmdl roflan aTcpredodénpretdne a
5 dip at at least one specific frequency value.
6. Device as claimed in one of the preceding Claims, characterized
in that the signal afﬁiing means is arranged for affixing each time a 1-bit digital
word to an n-bit information word under the influence of this control signal, so
that the frequency characteristic of the output signal of the aT precoder presents

10 a peak at a specific frequency value.

7. Device as claimed in Claim 6, characterized in that the signal
affixing means is furthermore arranged for affixing each time a 1-bit digital word
to an n-bit digital word so that the frequency characteristic presents dips in the
vicinity of the peak with said frequency value.

15 8. Device as claimed in one of the preceding Claims, characterized .
in that the device comprises a T ,ax determining means for determining the
maximum number of successive "zeros" or "ones” in the output signal of the aT
precoder, which means is arranged for generating a control signal if this
maximum number of "zeros" or "ones" exceeds a specific threshold value, in

20 that the device further includes blocking mmﬁs for blocking the control signal of
the control signal generating means under the influence of the control signal of
the Tmax determining means and for generating then a control signal for the
signal affixing means, and in that the signal affixing means is arranged for
affixing a 1-bit digital word to the n-bit information word under the influence of

25 the blocking means control signal so that either the maximum number of "zeros"
or "ones” in the output signal of the aT precoder does not exceed said threshold
value, or just that channel word is obtained having the smallest maximum
number of "zeros” or "ones" in the precoder output signal from any (n+ 1)-bit
channel words that may be obtained from the n-bit information word.

30 9. Device as claimed in one of the preceding Claims, characterized
in that the device further includes a signal combining means inserted between the
signal affixing means and the aT precoder, in that the signal combining means is
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f1) m ght be 25 sufficient and Tor—the—frequency charact ¢rifstic ‘of*the
signal in the.track T4 a dip at the frequency f1 (and not atjthe SeHHeRe
f2). However, for an optinmum detection of the pilot signal if is still
preferred to have dips at both frequencies.sgurthernore, the phases—of—+hke
pilot signals f1 in the tracks T1, T5, T9, .... and so on, are preferably
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word with the i® bit of the (n+1)-bit information word applied to its input so as
5 to obtain an i bit in the (n+ 1)-bit information word at its output.

10. Device as claimed in Claim 9, characterized in that the signal

combining means comprises at least one EXOR gate.
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r.epr oducti on.

The detecti onf of
to realise tracking during

pxt ensi vely di squdsed T n

Eur opean Patent Application 343,726 (PHN 12.574), so that alf yrthgr APR 8

explanation of this matter 5 may be dispensed with. Fig.l 13c shows two
pairs of heads K1, K2 and K3, K4 disposed dianetrically oppdgsi

on the head drum 100. The record carrier 1094 is wapped aroynd the head
drum 100 t hrough 180. The pair of heads Kl, K2 reads the pairs of tracks

- T1, T2, TS5, T6; ABSTRAGT:...., and so on. The pair of 10 heads K3 and

e each ot her

K4 reads the pairs of tracks T3, . T4; T7, T8; ... and so on. The

10

Device for recording a digital information signal in a record carrier.

For recording n-bit information words on a magnetic record
carrier (101), an 1-bit digital word is affixed to these information words. The
(n+1)-bit digital information words are then encoded in an aT precoder (10) into
(n+1)-bit channel words (CW) under which they are recorded on the record
carrier.

Each time 1-bit digital words are affixed, so that the running
digital sum value in the output signal of the precoder shows a desired behaviour
as a function of time. For example, a pilot signal can be inserted into the channel
word data stream, which pilot signal may be used to realise tracking during
reproduction.

For n, a the following holds: 2 > 2 and n = 1. Preferably, n

> > m, for example n = 10.

(Fig. 1).
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letters a, b and ¢ in the tracks agaln refer to the frequency.

characteristics in the res gues—+ba, 15b and 15c. pL F e
of tracks T1, T2 is det ecteth[bysﬁﬁﬁé fﬁﬁ BERN [ heads K1, K2, th ﬁ@ﬁ@m SHEET

additionally detects the crosst &RLADEGnal s pf the pil ot si gngl t é%e nn £l
h "’P:f

and f2 fromthe tracks T1 and T3 respectively. In response t
detected crosstal k signals a control signal for tracking canf b
While the pair of tracks T3, T4 is detagted by the pair of heads K3, K4

i \/nd

head K4 additionally detects crosstal k-signals of the pilot!
fl1 fromthe tracks T3 and T5 respectively. In response thereto a contro
signal for tracking can again be 20 derived. A further inprovenent of
the detection of a pilot signal, such as the pilot signal having the
frequency f1 in Fig. 15a, may be realised by effecting a dip in the
frequency spectrun1ardQEd fre ncy]Jl dua&ng the recording. This

- wmmy
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| rorn B J o
6| —t + 0 | al precoder —‘o]s—ﬁ—delcy —
YRR 2 |
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T—E : : 3] {482 | 16 fuetector LTS
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| e &1 } al precoder - delay
L_———_J TR
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is represented in Fig. 1 Lt is.clearly evi dent that the frequency

spectrumis 25 r educedHi GHART HF\SCBE%Njy f1. This neans t aﬁ PLABEMENT SHEET
signal -to-noise ratio for the ggtagtpon off the pilot signal %he

frequency f1 is increase , the circuit of Flg 51is ncg%
extended. In Fig. 17 this extension is shown but only for half 5 At
of Fig. 5 that is to say the top half, which is the circuit b%nggQ the
i nput 15 and the output 58.1 of the adger 58 in Fig. 5. 30

Fig. 17 shows an extension in the fornfof two additional brahches

conprising a signal conmbining unit 170 constituted by a subtractor,
multipliers 172 and 173, integrators 174 and 175 and squaring el enents
169.1 21
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and 169.2. To a second input 176 r 170 a sdu |
frequency f1 as represented in de.S OBEET, EA&pﬂfENed Thi s scuEFﬁmnﬁagHéﬁ
produced by the source 171 and @ct ual REBPLAGED esporjds to the |i deal shape of

the pilot signal.
wave si gnal

as is 5 represented in Fig. 18a. In the subtrlactor 170 the

The source 35 actuarTy produces the intedrdt di5sARRrBa7?

square wave is subtracted fromthe signal at input 15. Thellii[fferential

si gnal
si gnal

is applied to multipliers 172 ggg 173 in which the di
is multiplied by sinwlt and co

ferential

t respectively. The signals thus

obt ai ned are reproduced in integrators 174 and 175 which again may 10
have the shape as represented in Fig. 5. By neans of squaring el enents
169.1 and 169.2 the two signals are applied to the adder 58'.

Sel f-evidently,

the integrators 174 and 175 have each two lines (not shown)

connecting themto the corresponding integrators in the bottom half

!;ontents
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of the circuit of Fig. 5 so_that the contents of the correspanding

integrators in 15 t he twol NRSVSISEET aAMASBEEM
under the influence of a conjrol si@ngdercs af ﬁL

been encoded. The control si

ans as shown i n Fd gs.th%,ﬁfg,
and 17 may al so be realised by nmeans of a slightly different [ci ubtR Phi s
I's shown by neans of the circuit of Fig. 17a for the circuijt tef

be made equal REFB@E‘MENJhﬁggET

er each infor iQn \Wor

—+

EiLg 17

The generator 171 in 20 Fig. 17 ispnow inserted before{the branching
into the various paths. The circuit of
inserting a pilot signal into the data streamwth the frequency f1. If no
pilot signal is to be inserted into the data stream the generator 171 may
be omtted. The top branch conprises a |l owpass filter 179. Due to the
presence of this filter 179 the data streamis rendered free fromD.C. 25
current. The second branch conprises a bandpass filter 180 having a central
frequency f2. Due to the presence of this filter 180 the dip is realised

Fig.

17a i s then capable—sf
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frequency f2. The dip around the peak at f1 is realised due] [ﬁ e
of the bandpass filter 181 hawifg fquency f1. A dgv %Pel—/'\Cg ENT Si
detecting the channel words ﬂﬁ‘ssﬁgggahg%tq% 30 decodi ng tHesE—Chanmel —
words into information words|is shREMAPED Fig J19. The devic Gofipy i A= a7
read head 185 coupled to an input 186 of a PR4 detector 187{ ¢f which an
output 188 is coupled to an input 189 of a decoding unit 19pP. An 22

out put 191 of the decoding unit 190 isa%oupl ed to the output term nal 192.
In addition, the output of the read he 185 is coupled to'a pilot sigmnat
detector 193 conprising, for exanple, filters having central frequencies
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4

| ying near the frequency of—t-he-pitet—st The detector %k

t herefrom5 t he tracki dHﬁbﬁﬁﬂa]HAS at an output 194 RERRAGHMMT BYEET
unit 190 receives at its ifpput tREPLAGBD 1) - bijt i nfornmation r dg—the :
decoding nit 190 conprises & sync srgmar—detector 195 which dete&t;;s gtfjfé:O»ﬁ‘l@?
the serial data streamof the information.words the sync worjd b1 ds’i's
shown in Fig. 12. Once the sync word bl has been detected the decoder—i6
190 knows at which positions in the segial data streamof the (n+ 1)-bit

~

A
&N

i nformati on words the 1-bit digital words are found. The contTot—sigmar
supplied by the sync detector 195 to a unit 196 bel onging to the decodi ng
unit 190 provides that the unit 196 renoves the 1-bit digital words from
the serial data streamof the information words. The original data stream
of the n-bit 15 i nformati on words will then appear at the output 192.
The Figs. 20 and 21 show a device in which, contrarygpo the
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devibe descri bed herei nbefore

ane_ | ooks ahead beyond a single information

word for determ ning the 1-bit THISQSHERT H'RSCBEER be affixed to aﬁﬁéll %EMF
A NT SHEET

informati on word iwl. 20
stream of the successive info
digital word, referenced y1,

and a 1-bit digital word, referenced Y2, to the successive ipf@rmation word

|g 20 shows the g
frect- uRnEP‘I.-uACE"P iw2 and iw3. JA[{I-Drt

is to be afflxed to the informafi qn WrAPE V237

iw2. The running digital sumvalue aft aT precoding of thejchannel 25
wor ds obtai ned by the aT precoder fromthe (n+ |)-bit infornpti on words

wi Il change fromDSVO, i.e. t
data stream of the channel wo
informati on word iwl, to DSV1

he running digital sumvalue in the serial
rds up to the encoding instant of the
due to the encoded information word iwl, and

thereafter to DSV2, due to the encoded informati on word i w2.
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30

In the \ S the selecti
yl to be affixed to the |nforﬂﬁ§ﬁﬁﬁ?igggygaﬁrmas det er m ned
(DSV0) and by the information} wordRERIACERo tha

channel words

23 includi ng the encoded I nformati on word il

eal-te—of

the digital sp

for the -bit———
b)REPhﬁCEEMENT SHEET

I.Ilb

[
opti nmum approxi mate of a desired variation for the digital spmv an”“"ﬁ el
the device shown in Fig. 21 the selection for Y1 is now al so| détermred—by

the variation of the running digital s
i ncl udi ng the encod
word yl is added to the information word iwl and a 1-bit

t he channel
1-bit digital
digital word Y2

wor ds,

val ue of the data ream of 5

i nformati on word i we—Aettatty—=a
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is added to the informati on word imQ i.e. such words Y1 and._Y2 that the

runni ng digital sum val ues (BSWe S\t SV2 are optimum gp R BREET
a desired running digital MJM\S/aSIHﬁﬁT 148 QJEEIN’ Fi .REPMGM

di agrammatic representatior] of sBERLABERlevi ce, Through the

I nformati on words iwl and iwWZ are applted to the device. Th
I nformation word iwl is then stored in the units 200.2, 201.
203.2 in which a "0"-bit (in the unitsgg00.2 and 202. 2) or

/)

the units 201.2 and 203.2) is affixed to the information wore—iw—Fhe—45
information word iw2 is stored in the units 200.1, 201.1 202.1 and 203.1,
in which a "O'-bit (in the units 200.1 and 201.1) or a "1"-bit (in the
units 202.1 and 203.1) is affixed to this informati on word iw2.
Subsequently, the four serial data streans of the two information words iwl
and iw2 to each of which a "0" or a "1" is affixed, are transported to

precoders 204.1 to 204.4 in ne data
T s
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20 streans of the two
streans of two (n+ 1)-bit ch ﬁhSISHﬁﬂdy\S

are applied to the detector
out put 206 a control signal

(n+ Ioh words are epcoded—t-o—data—
pafter, the foplRERHACEMENT SHEET
05. RERLAGEDect or } 205 then gengr at-es—at—i+s

whi ch, in response to the control

term nal 207.5. Let us assune that
swi tch 207 assunes the position in whi

tobeapplied to
signal, assunes a positiénli
of the termnals 207.1, 207.2, 207.3 and 207.4 25 i s cohnectet—to—the
inléﬁﬁponse to the contfol signal the
the term nal 207.2~s—coupted—to

he controllablq ﬁ t
i

B 404

r'ch “OHe

the termnal 207.5, this means that the output signal of the precoder 204.2

is presented at the output 208. 30

The operation of the

devi ce may be such that each time pairs of successive informtion words,
such as iwl and iw2 and consecutive pairs of successive informtion words,
such as iw3 and iw4, iws and iwG,

and so on,
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24 are encoded in a si ngl e st; Tmr-{-ﬁng%a-descri bed herei nbefore,_ and
are presented at the output Z08H&SHIET tHSoBEtdhannel words. ThaspyindphiERS SHEET |
3 -%Mé_tﬂg—t-he

that after the encodi ng of tHe pai RERIfACEDf or magi on words i w
pai r of channel words cwl an VZ; ENts in the menoRy I&fetgggsa&fp
the four precoders 5 204.1 to 204.4 are again identical jurjdét It fe?® =
I nfl uence of the control signal of the detector 205. In thejak
this would nmean that the contents of menory | ocations i the precoder
204.2 are copied to the nmenories of t recoders 204.1, 204 3-.ahd-—44—
The operation of the device may al so be such that in the manner
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_ _ _ _ _ E{tPLAf‘E\’ltNT SHEET
10 descri bed hereinbefore the control signal is derived fri v;g
successively encoded infornmati on words iwl and iw2, but that ) %agi S
of this control signal only the encoded information word iwl |
at the output 208 and that the procedure is reiterated fo AR Aggmeﬂ'ﬁsSHE&T
I nformation words iw2 and iw3, iw3 and iw4, .... and soo.
In the previous exanple this would ne&@h that the informatilo \Qﬁf}d 5%9%
encoded by the precoder 204.2 is presented at the output y H éf fef 1
encodi ng of tg«j i.nformati on word iwl the contents of the ' oeat Ol
In the precod 8% 2 are to be copied to all precoders for subsequently
encodi ng the pair of information words iw2 and iw3. 20 ! The
operation of the ket devise feosesarding e digisaldnfrsendsinosignahe det ect or 205 may
have a simlar ist amomfmrmaasnoweclofontmem@’mmt ecordf cdririgr, 4, 5 or 17.

and for converting, prior to recording, a n-bit informa-
tion words in the presented digital information signal
into (n 4+ m)-bit channel words, where n and m are inte-
gers such that m=1 and nZm, comprising:
an input terminal for receiving the n-bit information
words,
an encoding device having an input coupled to the
input terminal and having an output. which encod-
ing device comprises an aT precoder, a being an
integer greater than or equal to two and T being
the bit period, which encoding device is arranged
for converting the n-bit information words into the
(n+m)-bit channel words and for presenting the
channel words at the output; and
a recording device having an input coupled to the
output of the encoding device, for recording the
(n+m)-bit) channel words in the information track
on the magnetic record carrier;
characterized in that:
the encoding device comprises signal affixing means
for affixing an m-bit digital word, where m is equal
to 1, to each consecutive n-bit information word to
obtain an (n+ 1)-bit information word;
the aT precoder is arranged -for converting the
(n+1)-bit information words into (n+ 1)-bit chan-
nel words;
the encoding device further comprises control signal
generating means for receiving the (n 4 1)-bit chan-
nel words from the aT precoder and deriving a
control signal therefrom; and
the signal affixing means is arranged for affixing a
1-bit digital word to an n-bit information word in
© -response to said control signal, such that the run-
ning digital sum value of the output signal of the
precoder has a desired pattern as a function of time.
2. Device as claimed in claim 1, characterized in that
n is greater than or equal to 10. _
3. Device as claimed in claim 2, characterized in that
n is equal to 24.
4. Device as claimed in claim 1, characterized in that

| L




Each of the branches fromthe inputs 209.1 to 209.4 to the”%g'ﬂp ITS%;Qﬁ
shown) included in the detector 205, produces an error signal e .1
and ei.?2 after the encodi ng of the (n+ 1)-bit information o)

(n+ 1)- bl’ H d i w2 respeetyively, cf Fig. 20. @&8Lg6?%$nggEfr
5|gnals a Fig. 21. The decision criterion be, for

exanpl e that the magni tudes: e;. 12 + ei. 22 30 are deterrr nﬁd} fAPR 1993
ranging from1l to 4. Subsequently, the smallest of the four{vplues is
determ ned and this choice then determ nes which control sifgnal 1s

generated. In the prevBoDRvice as claimed in claim 1, characterized inlthat

the signal affixing means is arranged for affixing each
time a 1-bit digital word to an n-bit information word
under the influence of said control signal, so that the
frequency characteristic of the output signal of the aT
precoder presents a dip at least one specific frequency
value.

6. Device as claimed in claim 1, characterized in that
the signal affixing means iIs arranged for affixing each
time a 1-bit digital word to an n-bit information word
under the influence of said control signal, so that the

- frequency characteristic of the output signal of the aT
precoder presents a peak at a specific frequency value.

7. Device. as claimed in claim 6, characterized in that
the signa} affixing means is furthermore arranged for

" affixing each time a [-bit digital word to an n-bit digital
- word so that the frequency characteristic presents dips
in the vicinity of said peak at said frequency value.

8. Device as claimed in claim 1, characterized in that

_ the device comprises a2 Tmax determining means for
determining the maximum number of successive “ze-
ros” or “ones” in the output signal of the aT precoder,
which means is arranged for generating a control signal
if this maximum number of **zeros™ or *“‘ones” exceeds a
specific threshold value, in that the device further in-
cludes blocking means for blocking the control signal of
the control signal generating means under the influence

of the control signal of the T mgr determining means and
for generating then a control signal for the signal affix-
ing means, and in that the signal affixing means is ar-
ranged for affixing a 1-bit digital word to the n-bit infor-
mation word under the influence of the blocking means
control signal so that either the maximum number of
“zeros™ or ‘‘ones” in the output signal of the aT pre-
coder does not exceed said threshold value, or just that
channel word is obtained having the smallest maximum
number of “zeros" or “ones” in the precoder output
channel words that may be obtained from the n-bit
information word.

9. Device as claimed in claim 1, characterized in that
the device further includes a signal combining means
inserted between the signal affixing means and the aT
precoder, in that the signal combining means is ar-
ranged for receiving (n+ 1)-bit information words at an
input from the signal affixing means and for presenting
(n<+1)-bit information words at an output, and in that
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25 exanple e212 + e222 appeared to produce the small est val ue.

AGEMENT SHEET

Sel f-evidently, the "l ooking ahead" may al so inply | ooking ahead beyond

nore than two successive informati on words. Needl ess to obse
al though hardware arrangenents have 5 been descri bed her
arrangenment may naturally also be a software arrangenent uti

m cr oprocessor. Furthernore, it shoul d2Be observed that the |[de

described with reference to the Figs. 1, 8 and 10 is a paral
in the sense that with tinme the channel words fromwhich th
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arr angement

I s subsequently derived are generated nore or less in parallijlel. 1

g control

0

si gnal

Alternatively, it is possible that the channel words from,vvh

can be made are dertheedgnal eombiningemeans is arrangeddor 6AMPIANEG| ngl e aT
precoder 10, cf. Fithe 1-bitsdigrsessrdywithdtie 84 byl & thei fn-81)-bhi ch unit then

i's to be capabl e ofinformation word applied to its input so as to obtain an
i* bit in the (n+ 1)-bit information word at its output.
10. Device as claimed in claim 9, characterized in that

the signal combining means comprises at least one

EXOR gate.

11. Device as claimed in claim 1, characterized in that
a is equal to 2 or 3. , _

12. Device as claimed in claim 2, characterized in that
ais equal to 2 or 3.

13. Device as claimed in claim 3, characterized in that
a is equal to 2 or 3. '

14, Device as claimed in claim 8, characterized in ;hat
the device further includes a signal combining means
inserted between the signal affixing means and the aT
precoder, in that the signal combining means in ar-
ranged for receiving (n- 1)-bit information words at an
input from the signal affixing means and for presenting
(n+ 1)-bit information words at an output, and in that
the signal combining means is arranged for combining
the 1-bit digital word with the i* bit -of the (n+ 1)-bit
.information. word applied to its input so as to obtain an
i*® bit in the (n+1)-bit information word at its output.

15. Device as claimed in claim 14, characterized in
that the device further includes a signal combining
means inserted between the signal affixing means and
the aT precoder, in that the signal combining means is
arranged for receiving (n+ 1)-bit information words at
an input from the signal affixing means and for present-
ing (n<+1)-bit information words at an output, and in
that the signal combining means is arranged for combin-
ing the 1-bit digital word with the i bit of the (n+ 1)-bit
information word applied to its input so as to obtain an
it bit in the (n+ 1)-bit information word at its output.

16. Device as claimed in claim 1, characterized in that
the signal affixing means are adapted to separately affix
each value of a 1-bit digital word to an n-bit information
word to form (n+1)-bit channel words, the signal affixing -
means comprising selection means for selecting a (n+1)-bit
channel word in response to the control signal from the
control signal generating means.

ich a choice
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affixing both a "0" and a "1" to an n-bit information word. This sol ution

does require nore nenory capacity for a tenporary storage of the channel
words 15 . obtai ned. 7 26 Cainms 1. A device for recordi hoRep|ACEMERT SHEET
information signal in an information track on a nmagnetic rec¢rq-carcier _
and for converting, prior to recording, a n-pit informa- tiof words }\@Ptapfg@
presented digital information signal 29 C3 APR R

=

ABSTRACT;

Device for recording a digital information signal in a record yocivn

For recording n-bit information words on a magnetic record
carrier (101), an 1-bit digital word is affixed to these information words. The
(n+1)-bit digital information words are then encoded in an aT precoder (10) into
(n+1)-bit channel words (CW) under which they are recorded on the record

5 carrier.

Each time 1-bit digital words are affixed, so that the running
digital sum value in the output signal of the precoder shows a desired behaviour
as a function of time. For example, a pilot signal can be inserted into the channel
word data stream, which pilot signal may be used to realise tracking during

10 reproduction.
For n, a the following holds: a = 2 and n = 1. Preferably, n

> > m, for example n = 10,

(Fig. ).
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into (n-+-m-bit channel words, where n and mare inte- gerS-Su8BENREE SHEETL
and nm conprising: an input termnal for receiving the n-bit information

wor ds, an encodi ng device having an input coupled to the input term nal and
havi ng .an out put. which encod- ing device conprises an aT pr B

an integer greater than or equal to two and T being the bit pgﬁﬁbéﬁa@ﬂ$ﬁﬁﬁgEr
encodi ng device is arranged for converting the n-bit informati pn words into
the (n+m-bit channel words and for presenting the channel wprfsQa e 1998
output; and a recordi ng device having an input coupled to th

D

I
'__.\....._,812 10 13
! +"g" ; aT precoder ‘/CWI dela
5:715 5 a7 Bl g 2

|
26 1 23

e e S
17| S ) L1y é’ a- ]

| Lo Y aT precoder ] delay p— 25 101

L_———..] T
12] 3

EXOR p’(f

02 | 1 T e

—

FE . 5.2

contents

precoder (M011000101101011000111101 | disparity

X1 % |

0 0 001111101101110000011008901 +1

0 1 0110101 1710001001010011011 *1

1 6 1001010001110110810110010°90 -1 a
1T 1 110000010010001T111001110 -1
contents '
precader M0110001061101011000111101 |disparity

X1 X |

0 0 10010710001110110181100100 -1

0 1 1100006010010007111100111°0 -1

1 0 co11111011011100000110001 1 b
1 1 0110101110001001010011011 1

FIG.3



cp| ACEMENT SHEET

out put of the encoding device, for recording the (n + é;-blt) channel words
in the information track on the magnetic record carrier; characterized in

that: the. encoding device conprises signa
mbit digital word, where mis equal
infornmation word to obtain an (n+ 1)-bi2 information word; t
I s arranged for converting the (nl)-bit
chan- nel words; the encodi ng device further conprises contrjo

to 1,

to each consecutixggptggngNT SHEET
e.-al preceder—

i nformati on words int nDloha
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nel words fromthe aT precoder and deriving a control si ghatl ACREICAR ISHIFET and
the signal affixing neans is arranged for affixing a 1-bit digital word to

an n-bit information word in response to said control sighal—sueh—that—the
run- ning digital sumval ue of the output signal of the pre“@@LAﬁﬁMFﬁT SHEET
desired pattern as a function of tine. 23 Device as clai ned
characterized in that n is greater than or equal to 10. 3.

claimed in claim?2, characterized in that n is equal to 24.
claimed in claiml, characterized in that a is equal to 2 o
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an n-bit iinformati on word under the influence of said
that the frequency characteristic of the output signal

' . . . . . . REPLAGEMENT SHEET
27 5. Device as clainmed in claim1, characterized in that the signa

affixing neans is arranged for affixing each tine a 1-bit di gltal vvord to

contrqt

of t e%?fﬁjﬁ&tdﬂéﬁﬂﬁ

presents a dip at |east one specific frequency val ue. 6. Dei ceas—ctained
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time a 1-bit digital word to an n-bit information word under-ARMENFIHESTCe

of said contro
si gnal
Device, as clainmed in claim®6,
means is furthernore arranged for affixgyng each tinme a 1-bit
to an n-bit digital
in the vicinity of said peak at said frequency val ue.

signal, so that the frequency characteristic

8. Devi

of the aT precoder presents a peak at a specific frequ
characterized in that the sign

word so that the frequency characteristid

of the out put
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whi ch means is arranged for generating a control signal FEPEAMEMEMSHRE
nunber of "zeros" or "ones" exceeds a specific threshold value, in th
device further in- cludes blocking nmeans for bl ocking the coftTol 3Lap

the control signal generating neans under the influence of t &E?éﬁgt@:i(ﬁ S(HEET

st gnal " of the Tmax determ ning nmeans ang for generating thenja
affix- ing neans, and in that the signal
means is ar- ranged for affixing a 1-bit digital

signal for the signa
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control

afff 3 x4.Py 1998
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for-
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channel word is obtained having the small est maxi num nunber of” "zeros" or

"ones" in the precoder output channel words that nay be obtained fromthe
n-bit information word. 9. Device as clained in claim1l, ch ' | ,
REPCACRELCEREET

.

that the device further includes a signal conbining neans i
the signal affixing neans and the aT prégcoder, in that the sl gpal 1.ning
nmeans is ar- ranged for receiving (n + 1)-bit information rds at, an.| n,ggt
fromthe signal affixing nmeans and for presenting (n+ 1)-bit] ipf®rmatFoh

words at an output, and in that
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28 the signal conbining means is arranged for conbi ni ng th%EplL-AlgrEMEyiTéinéT
word with the jth bit of the (n+l)-bit information word applied to its

i nput so as-to obtain an ith bit in the (n+ 1)-bit information word at its
out put. .10. Device as clainmed in claim9, characterized in that the signal _

conbi ni ng nmeans conprises at |east one XOR gate. 11. Device p h ap ekt Ryeey
claim1, characterized in that ais equal to 2 or 3. 12. Devi :?@é‘%ﬁ%’%%mﬂ
in claim2, characterized in that a is equal to 2 or 3.
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13. Device as clained i'n claim3, characterized in that a is equal to 2 or
3. 14. Device as clainmed in claim8, characterized in that the device

further includes a signal conbining neans inserted between the—st+gral-
af fi xi ng means and the aT precoder, in that the signal conbin r@%ﬁﬁ‘ﬁm"ﬁ SHEET

ar- ranged for receiving (n+ 1)-bit infornfltion words at an i hpgt—fromtte
signal affixing neans and for presenting (n + 1)-bit infornmat|on yozdgpmtsag
an output, and in that the signal conbining means is arranged|f¢r conbi ni ng
the 1-bit digital word with the ih bit of the (n + 1)-bit informacion.
applied to its input so as to oltai Pi bit inthe (n + 1)jbit
information word at its output. |desired 15 -
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15. Device as clained in claim 14, characterized in that QHeq eylgg #Eg{her

i ncl udes a signal conbining neans inserted between the signal affixing
means and the aT precoder, in that the signal conbining neans _is_arranged
for receiving (n+ 1)-bit information words at an input fromt ERE%ﬂ@ENENTShEET
affixing nmeans and for present- ing (n+l)-b6t information wor
n NEho
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output, and in that the signal conbining neans is arranged fo
the 1-bit digital word with the itk bit of the (n+ 1)-bit inf
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each value of a 1-bit digital word to an n-bit information V\BEBLAQ’EMWTHWE#I

1)-bit channel words,

for selecticng a (n+ 1)-bit channel

the sig

nal

af fi xi ng nmeans conprising sel ection neans
word in response to the control

si gnal

fromthe control signal generating neans.
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