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posed high frequency noise. Since high frequency noise correlates with
useful digital information, corre- This invention relatestodigital signal
reproducing  lation decoding is subjectto errors, therebydegrading
apparatus, and in particular to digital signal regener-  the error rate of
the overall digital transmission sys- ating or recovery apparatus.
5   tem. In a typical transmission system wherein digital   IEEE
TRANSACTIONS ON MAGNETICS, vol. Information from a source is received at
another loca-  MAG-23, no. 5, Part 11 of 2 parts, Sept. 1987, pages tion
and/or at another time, digital data is usually rep-  3672 to 3674; S. Mita
et al.: "Automatic equaliser for resented by a particular code. Examples of
codes that  digital magnetic recording systems", which is referred have
been used ion various types of digital transmis-  10  to as technological
background discloses an adaptive sion systems include (1,7) codes, MFM
codes, Man-  automatic equalising apparatus for use In digital mag- chester
codes, and the like. Many of these codes   netic recording systems. In this
apparatus, an input have been developed for and continue to be quite
signal is applied to a pre-equaliser (Fig. 1). An output useful In storage
systems, such as magnetic digital  signal from the pre-equaliser is sent to
a shift register storage devices. Such codes have been developed to  15
via a first decision circuit, and stages of the shift reg- prevent the
original, useful digital data from being ob-  ister are connected to one
input of a subtracter. The literated or rendered non-recoverable by the
inherent  same output signal from the pre-equaliser is also sent
characteristics of the transmission (or storage or re-  directly to another
input of the subtracter. A replica of cording) system.
the intersymbol interference contained in the pre- It is expected that
digital data will be subject to  20  equalised signal is subtracted from
the pre-equalised distortion as it is transmitted over a typical digital
signal. transmission system. For example, in the environ-      According to
the present Invention there is provid- ment of digital recording, it is not
unusual for digital  ed apparatus for regenerating a coded digital signal,
datato be recorded serially bit by bit, and for distortion  the apparatus
comprising: and interference, such as interbit interference, to be   25  a
linear equaliser for emphasising high fre- experienced due to the Inherent
magnetic character-  quency components in an input digital signal repre-
istics of the recording system, particularly when the  senting said coded
digital signal to produce a high fre- digital date is played back. To
account for such distor-  quency compensated digital signal; and tion, the
encoded digital signals are often pre-coded    a correlation decoder for
recovering the origi- before being transmitted (or recorded), such that
pre-  30  nal digital signal; dicted distortion or interference will
complement the    the apparatus being characterised by: pre-coding. Hence,
the combination of the pre-coding     extracting means for extracting
intercode in- and inherent distortion characteristics will result in a
terference from said high frequency compensated digital signal from which
the original digital informa-  digital signal; and tion can be easily
recovered.                 35         subtracting means for subtracting the
inter- The receiver (or date reproducer) of a digital  code interference
from the input digital signal to pro- transmission system is often provided
with a linear  duce a waveform equalised signal; equaliser which carries
out high frequency compen-       the correlation decoder being operative to
re- sation on the received (or reproduced) digital signal.  cover the
original digital signal by producing and cor- Of course, this compensation
is intended to match or  40  relating samples of said waveform equalised
signal. balance the characteristics of the transmission sys-   With the
apparatus of the invention, the input dig- tem. The compensated digital
signal Is then decoded  ital signal is not (as in the previously proposed
appa-: to recover the original digital information. One type of  ratus
described above, and described in more detail decoder that can be used when
superimposed noise   below with reference to Figure 2) passed to the cor-
is expected is a so-called Viterbi decoder which func-  45  relation
decodervia the linear equaliser for emphasis- tions to sample the
compensated signal, correlate the  ing the high frequency components
therein. Accord- resultant samples and produce digital information as
ingly, the signal applied to the correlation decoder, a function of such
correlation. A Viterbi decoder is de-  namely the waveform equalised
signal, is not accom- scribed in "Viterbi Algorithm," by G.D. Forney, Jr.,
panied by emphasised high frequency noise pro- Proc. of IEEE, Vol. 61, No.
3, March 1973, p. 268 et  50  duced by the linear equaliser. Thus, high
frequency seq. In an environment wherein so-called white Gaus-  noise in
the signal applied to the correlation decoder sian noise is expected, this
type of correlation decod-  is minimised, as compared to the previously
proposed eroperates satisfactorily. This is because white noise  apparatus,
whereby the above-mentioned problem of is not generally correlatable with
useful information.  an increase in the error rate of a correlation decoder
However, If substantial high frequency noise is  55  in the presence of
high frequency noise (as opposed present on the received (or reproduced)
digital signal,  to white noise) is reduced. high frequency compensation
tends to emphasie not      The extracting means preferably includes a com-
only the useful digital signals but also the superim-  parator which
receives the high frequency compen- 2   



3                   EP 0 370 772 B1                4 sated digital signal
and compares it to a threshold lev-  The invention will now be described by
way of ex- el to produce a comparator output. A plural stage shift  ample
with reference to the accompanying drawings, register receives and shifts
the comparator output  throughout which like parts are referred to by like
ref- through its stages, and the contents of selected sta-  erences, and in
which: ges of the shift register are summed.         5       Figure 1 is a
block diagram of a digital transmis- The threshold level to which the high
frequency    sion system which exhibits problems addressed compensated
digital signal is compared is preferably  by the present invention; an
average level of that compensated digital signal.  Figure 2 is a block
diagram of magnetic record- The high frequency compensated digital signal
ing/reproducing apparatus which exhibits perfor- may be formed of pre-coded
digital Information, and   10  mance degradation; the extracting means then
may include an encoder,     Figures 3A to 3F are waveform diagrams which
such as a (1+D) encoder, where D Is the bit interval  are useful in
understanding the operation of the of the digital signal.
system shown in Figure 2; In a preferred embodiment of this invention, a
Figure 4 in isa block diagram of one embodiment serial digital signal that
has been recorded on a mag-  15  of the present invention; netic medium in
pre-coded form 1/(1-D2) Is recovered  Figures 5A to 5E are waveform
diagrams which by reproducing the pre-coded digital signal from the  are
useful in understanding the operation of the magnetic medium, equalising
the reproduced digital    circuit shown in Figure 4; signal by high
frequency compensation equalising,     Figure 6 is a graphical
representation of the error encoding the reproduced equalised digital
signal to  20  characteristics of a correlation decoder, and produce a
(1+D) encoded digital signal, extracting an  Figure 7 is a block diagram of
a simplified em- intercode interference component from the encoded
bodiment of the present invention. digital signal, and subtracting the
extracted intercode  Before describing the present invention, refer-
interference component from the reproduced pre-    ence is made to Figure 1
which illustrates a digital coded digital signal that has been waveform
correct-  25  transmission system in which high frequency noise ed to
reduce interbit interference therein. As a result,  interferes with
successful recovery of digital informa- a waveform equalised signal Is
produced, and this  tion transmitted thereover. The digital transmission
signal Is supplied to a correlation decoder which re-  system includes a
transmission line 34, as may be covers the original digital signal as a
function of the  used to communicate digital data from one location to
correlation of samples of the waveform equalised sig-  30  another, coupled
to a transmitter 33 to which digital nal.
data is supplied via an input terminal 33a. This digital As a further
feature of the aforementioned em-  data is pre-coded by the transmitter 33,
and a pre- bodiment, waveform correction to reduce interbit in-  coded
digital signal train, such as a serial bit train, is terference includes
encoding the reproduced digital  applied to the transmission line 34 by a
transmitter signal by a (1+D) encoder.                    35  output
terminal 33b. As yet another feature of this embodiment of the   Digital
signals transmitted over the transmission Invention, intercode interference
is extracted from  line 34 are supplied to an input terminal 35a of a re-
the (1+D) encoded, equalised digital signal by select-  ceiver 35 which
functions to recover the original dig- ing therefrom bits which precede and
succeed, re-  ital data. Broadly, the receiver 35 includes a linear
spectively, a predetermined bit, weighting those se-  40  equaliser 36
which carries out high frequency com- lected bits, and summing theweighted
bits to produce  pensation on the received digital signals. The com- the
intercode interference components.             pensated digital signals are
demodulated by a de- The preferred embodiment of the present inven-
modulator 37 which Is designed to match the charac- tion provides apparatus
having an improved errorrate  teristics of the transmission line 34. As
will be recog- for regenerating a coded digital signal having super-  45
nised, the demodulator 37 is complementary to the imposed high frequency
noise. The apparatus can be  encoderormodulator used at the transmitter33
to en- used to recoverdigital signals from a digital transmis-  code or
modulate the transmitted digital data. Once sion system.
demodulated, the digital signals are supplied to a cor- The preferred
apparatus can recover, with Im-  relation decoder shown, for example, as a
Viterbi de- proved error rate, digital information that is repro-  50
coder 38. The output of the decoder 38 at a terminal duced from a digital
storage system.               35b is expected to be the original digital
data that had The preferred embodiment of this invention can  been supplied
to the input terminal 33a. minimise high frequency noise In a digital
signal re-  One example of a digital transmission system is covered from a
magnetic medium and supplied to a   a digital recording/reproducing system
of the type correlation decoder. The accuracy and, thus, the error  55
shown broadly In Figure 2. Here, digital information is rate, of the
correlation decoder, when used to recover  recorded on a magnetic medium
46, such as a mag- a digital signal reproduced from a magnetic medium,
netic tape. The characteristics of the magnetic me- can be improved.
dium are taken into account by the recording and re- 3  
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which may be thought of as a           1/(1 - D2) x (1 - D) x (1  D) = 1.
partial response class IV system, such as described  Thus, by reason of the
pre-coding and encoding, the in Kobayashi et al. "Application of Partial
Response  characteristics of the electromagnetic conversion Channel Coding
to Magnetic Recording Systems,"     system are compensated, resulting in an
overall IBM Journ. of Res. and Dev., July 1970, p. 368 etseg.,   5
transferfunction of unity. The resultant signal Se pro- or in Newly et al.,
"The Effects of Nonlinear Distortion  duced by the (1+D) encoder is a
three-level signal on Class IV Partial Response," IEEE Trans. of Mag-
which is decoded into a two-level digital signal by the notice, Vol. Mag
22, No. 5, Sept. 1986, p. 1203 et seq.  Viterbi decoder 38. That is, the
three-level signal Se The recorder of the system includes an input ter-  is
correlated to recover the original digital Information minal 41 which
receives a digital signal that has been   10  Sf where, Ideally, Sf = Sa.
processed to eliminate, or at least substantially mini-  The manner in
which the recording/reproducing mise, any DC component therein. It is known
that a  apparatus shown In Figure 2 operates will best be ap- DC component
cannot be adequately recorded on a    preciated by referring to the
waveform diagrams magnetic medium and, thus, this component is re-   shown
in Figures 3A to 3F. Figure 3A represents the moved to minimise distortion.
This input digital signal  15  original input digital signal Sa, and Figure
3B repre- Sa is subjected to pre-coding having a transfer char-  sents the
pre-coded digital signal Sb, where Sb = Sa acteristic of 1/(1-D2), where D
is a bit interval (or bit  [1/(1-D2)]. cell period) of the input digital
signal. This pre-coding  The pre-coded signal Sb is subjectto inherent (1-
is carried out by an adder 42 whose output is fed back  D) transformation
by the differentiating characteris- to an input thereof by a two-bit delay
circuit 43. It will  20  tics of the electromagnetic conversion system,
result- be appreciated that the adder 42 carries out modulo  ing in a
signal which is best represented by the super- 2 addition, that is, an
exclusive OR operation.   imposed components shown in Figure 3C. These The
1/(1-D2) pre-coded digital signal is amplified  components appear as
gradual positive and negative by a recording amplifier 44 and recorded on
the mag-  pulses produced by the positive and negative transi- netic medium
48 as a pre-coded signal Sb by a suit-  25  tions of the pre-coded signal
Sb. It will be recognised able recording head 45. The recorded signal is
sub-  that the frequency characteristics of the electromag- sequently
reproduced by a reproducing head 47. It  netic conversion system are
primarily responsible for will be seen that the combination of the magnetic
me-  the wave shapes of the individual, superimposed dium 46 and the
recording and reproducing heads    components shown in Figure 3C. These
wave shapes 45,47 is analogous to the aforedescribed transmis-  30  are
particularly influenced by the presence or ab- sion line 34, and the
precoderand the amplifier44 are  sence of high frequency components in the
electro- analogous to the aforedescribed transmitter 33. Sig-  magnetic
conversion system. In a system having rel- nal recovery apparatus analogous
to the aforedescri-  atively few high frequency components, the wave bed
receiver 35 comprises a reproducing amplifier 48  shapes of the
superimposed components are which supplies the reproduced pre-coded digital
sig-  35  smooth, as shown in Figure 3C. However, the interbit nal from the
reproducing head 47 to the equaliser 36.  interference of these individual
components adverse- The recording head 45, the magnetic medium 46  ly
affects some codes which are used to represent and the reproducing head 47
constitute an electro-  and record the original inputdigital signal. These
com- magnetic conversion system exhibiting a transfer   ponents also
adversely affect the operation of a de- characteristic (1 -D). Accordingly,
the pre-coded digi-  40  coder used to recover the reproduced signal Sc.
tal signal Sb is subject to (1-D) transformation, result-  The linear
equaliser 36 functions to emphasise ing in a reproduced signal Sc. This
reproduced signal  the high frequency components which are included in is
high frequency compensated by the linear equalis-  the superimposed
components of Figure 3C. That is, er 36, resulting in a compensated signal
Sd. The com-  the equaliser performs high frequency compensating pensated
signal Sd is encoded by the combination of  46  equalisation to compensate
the frequency character- an adder 50, which receives the high frequency
com-  istics of the electromagnetic conversion system. The pensated signal
Sd directly from the linear equaliser  frequency compensated signal Sd is
shown by solid 36, and a one-bit delay circuit 51, which delays that  lines
in Figure 3D. Acomparison of Figure 3D with Fig- compensated signal Sd and
adds it to the undelayed  ure 3C illustrates the higherfrequency
compensation signal.                                       50  which is
achieved by the linear equaliser 36 in which The output Se of the resulting
(1+D) encoder is  interbit interference is reduced. This compensated seen
to have been subjected to the pre-coding of the  signal Sd is delayed bythe
one-bit delay circuit 51, re- recording circuit, to the (1-D)
transformation of the  suiting in the delayed, compensated signal
represent- electromagnetic conversion system, and to the (1+D)  ed by
broken lines in Figure 3D. The adder 50 adds encoding of the adder 50 and
the delay circuit 51. The  55  the delayed and undelayed compensated
signals, re- combination of this pre-coding, electromagnetic    sulting in
the summed signal Se shown In Figure 3E. transformation and encoding may be
expressed as    The summed signal Se exhibits positive, negative follows:
and zero levels, and this tri-level signal is decoded by 4 



7                   EP 0 370 772 B1                8 the decoder 38. For
example, the decoder 38 may   (1+D) encoded signal output from the adder 2
is cou- produce samples of the tri-level signal Se at sample  pled to a
subtracter 5 by a low gain linear equaliser points a, b, c, d and so on,
and these samples are cor-  4. The equaliser in provides low gain high
frequency related to regenerate the original Input signal Sf as
compensation to the (1+D) encoded reproduced dig- shown in Figure 3F.
5   ital signal soas to correct its waveform. As will be de- The decoder 38
is typically designed with the as-  scribed below, the subtracter 5 is
operable to subtract sumption that any noise which may be superimposed
positive intercede Interference components from the on the signal Se is
white Gaussian noise. Since white  corrected waveform signal produced by
the linear Gaussian noise is not correlatable, that noise gener-  equaliser
4, and the output of the subtracter 5 is cou- ally does not interfere with
the correlation operation   10  pled to another subtracter 6 which is
operable to sub- from which the digital signal Sf is recovered. How-  tract
negative intercode Interference components ever, high frequency noise
generally may be closely  from the corrected waveform signal. The resultant
correlated to the tri-level signal Se shown In Figure  waveform equalised
signal produced by the subtract- 3E. Hence, if high frequency information
noise is su-  er 6 Is decoded by the Viterbi decoder 38. perimposed on to
this signal, as may be attributed to  15  Positive intercode interference
components are the linear equaliser 38, correlation decoding of the
extracted from the signal Se by a comparator 10, a signal Se may not result
in the accurate recovery of  plural stage shift register 12, weighting
circuits 13 the digital signal Sf. That is, the linear equaliser 36  and 14
and a summing circuit 15. Negative interfer- may emphasise both high
frequency information      once intercode components are extracted from the
components of the reproduced, superimposed com-  20  signal Se by a
comparator 11, a plural stage shift reg- ponenta Sc as well as high
frequency noise that may  ister 16, weighting circuits 17 and 18 and a
summing be recovered from the magnetic medium. Conse-      circuit 19. The
comparator 10 is provided with a pos- quently, the error rate of the
decoder 38 may be un-  itive threshold level (not shown) to produce a
positive acceptably high when high frequency emphasis is    output signal
(or bit indications) when the level of the provided by the linear equaliser
36.          25  signal Se exceeds this positive threshold. Similarly, The
problem of emphasising both useful informa-  the comparator 11 is provided
with a negative thresh- tion and high frequency noise is avoided by the
pros-  old level (not shown) to produce bit indications when ent invention,
one embodiment of which is illustrated  the negative level of the signal Se
exceeds this neg- in Figure 4. The illustrated embodiment is shown in
ative threshold. The bit indications from the compar- the environment of a
recording/reproducing system,  30  ator 10 are clocked into the plural
stage shift register and the same reference numerals are used to identify
12, of which only three stages are shown. Likewise, those elements which
have been described previous-  the bit indications from the comparator 11
are clocked lywith respectto Figure 2. The signal Sc (shown in fig-  into
the plural stage shift register 16. ure 3C) is supplied by the amplifier 48
to a linear   A predetermined stage of the shift register 12 is equaliser 7
(which may be similarto the high frequen-  35  designated as stage 0, a
preceding stage is designat- cy compensating equaliser 36) to produce the
em-   ed as stage -1 and a succeeding stage is designated phasised signal
Sd which is encoded by a (1+D) en-  as stage 1. Similarly, a predetermined
stage of the coderformed of an adder8 and a one-bitdelay circuit  shift
register 16 is designated as stage 0, a preceding 9. The equaliser 7, the
adder 8 and the delay circuit  stage is designated as stage -1, and a
succeeding 9 are substantially the same as the aforedescribed   40  stage
is designated as stage 1. Thus, the bits which equaliser 36, adder50, and
delay circuit 51 to produce  are shifted through the stages of the
shiftregisters 12 the tri-level signal Se, shown in Figure 3E. An Inter-
and 16 may be represented as bits -1, 0, and +1, re- code interference
component is extracted from the  spectively. The contents of stages -1 and
+1 of the tri-level signal Se and subtracted from the repro-  shift
register 12, that Is bits -1 and +1, are weighted duced digital signal Sc
to produce an equalised signal  45  by the weighting circuits 13 and 14,
respectively, and which may be decoded by the Viterbi decoder 38 with
summed In the summing circuit 15. Likewise, the con- improved error rate.
Although a Viterbi decoder is  tents of stages -1 and +1 of the shift
register 16, that shown, it should be understood that the present in-  Is
bits -1 and +1, are weighted by the weighting cir- vention need not be
limitedsolely to use with a Viterbi  cuits 17 and 18, respectively, and
summed in the decoder and other decoders which operate in a sim-  50
summing circuit 19. The summed signal produced by ilar or analogous manner
may instead be used.     the summing circuit 15 is subtracted in the
subtracter The reproduced digital signal Sc is supplied   5 from the
corrected waveform signal produced by through a delay circuit I (the
purpose of which Is de-  the linear equaliser 4, and the summed signal pro-
scribed below) to an interbit interference reducing cir-  duced by the
summing circuit 19 is subtracted in the cuit formed as a (1+D) encoder
comprising an adder  55  subtracter 6 from the output of the subtracter 5.
2 and a one-bitdelay circuit3. The outputofthe delay  Referring to the
waveform diagrams shown in circuit I is supplied directly to an input of
the adder 2  Figures 5A to 5E, as well as the previously described to which
a delayed version of this signal is added. The  waveform diagrams shown in
Figures 3Ato 3F, It is as- 



9                 EP 0 370 772 B1                    10 sumed that the
input digital signal Sa is pre-coded by  equalised signal is decoded by the
Viterbi decoder 38 1/(1-D2) to produce the pre-coded signal Sb for re-
which, as mentioned above, samples the waveform- cording on the magnetic
medium 46. When repro-   equalised signal and correlates those samples to
re- duced, the resultant digital signal appears as shown  cover the
original digital information, shown as a sig- in Figure 3C. The (I+D)
encoder formed of the adder   5   nal S5 in Figure 5E. 2 and the delay
circuit 3 tends to reduce the interbit  In the embodiment shown in Figure
4, the bit in- interference shown In Figure 3C. The linear equaliser
dications which precede and succeed a particular bit 4 provides additional
waveform correction, resulting  indication produced by the comparator 10
(and also in a waveform-corrected signal S1 shown In Figure  by the
comparator 11) are weighted and summed to 5A.
10  provide the Intercode interference component which The reproduced
digital signal Sc Is subject to high  is subtracted from the
waveform-corrected signal S1. frequency compensation by the linear
equaliser7, re  If a presently-received bit is loaded into stage-1 of the
suiting In the high frequency compensated signal Sd,  shift register, then
the next preceding bit is stored in shown in Figure 3D. After (1+D)
encoding, this high  stage 0 and the second preceding bit is stored in
frequency compensated signal appears as shown in  15  stage +1. The bit
stored in stage 0 is assumed herein Figure 3E. Intercode interference
components are  to be the particular or predetermined bit indication
subtracted from this (1+D) encoded digital signal Se,  discussed above.
Thus, the predetermined bit Indica- resulting in the intercode interference
components  tion stored in stage 0 is delayed by one bit period (or S2 and
S3, shown in Figures 5B and SC, respectively.  bit interval) with respect
to the bit indication loaded Positive and negative intercode interference
20  into stage-1. This delay, together with other inherent components are
extracted from the tri-level signal Se  delays that may be present in the
comparators 10 and by the two similar positive and negative extraction cir-
11,is compensated by the delay provided by the delay cuits described above.
The previously-described  circuit 1 which is approximately equal to these
cumu- weighting circuits 13 and 14 may be formed as am-  lative delays.
plifiers having gains A_1 and Al, respectively, to am-  25  From the
foregoing description, it will be seen plify bit -1 and bit +1 of the shift
register 12 through  that high gain high frequency compensating equalisa-
which bit indications produced by the comparator 10  tion is provided to
extract the intercode interference are shifted. Likewise, the
previously-described  components. However, the high frequency compen-
weighting circuits 17 and 18 may be formed as am-  sation imparted by the
equaliser 4 to the Input digital plifiers having gains B_1 and B1 for
amplifying bit -1  30  signal from which the intercode interference compo-
and bit +1 of the shift register 16 through which the  nent is subtracted
is of a relatively low gain. Conse- bit Indications produced by the
comparator 11 are  quently, the resultant waveform-equalised signal S4
shifted. The weighted bits produced by the amplifiers  is not accompanied
by emphasised high frequency 13 and 14 are summed to produce the intercode
in-  noise. Therefore, the correlation of the noise compo- terference
component shown in Figure 5b and the   35  nent which accompanies this
signal is relatively low, weighted bits produced by the amplifiers 17 and
18  and the Viterbi decoder 38 operates with a relatively are summed in the
summing circuit 19 to produce the  low error rate. That is, the noise
component which ac- intercode interference component S3 shown in Figure
companies the waveform-equalised signal is approx- 5C.
imately white Gaussian noise. The subtracters 5 and 6 are connected in cas-
40  Figure 6 is a graphical representation which best cade to receive the
waveform-corrected signal S1 as  compares the improved error rate attained
by the produced by the linear equaliser 4. The subtracter 5
above-described embodiment of the present inven- subtracts the positive
internode interference compo-  tion to the error rate attained by the
digital data recov- nent S2 from the waveform-corrected signal S1 to  ery
arrangement shown in Figure 2. In particular, Fig- produce a positive
waveform-equalised signal. It Is to  45  ure 6 represents the relationship
between the error be appreciated that the negative waveforms of the  rate
of the Viterbi decoder 38 (in both Figures 2 and signal S1 pass through the
subtracter 5 without any  4) and the signal-to-noise (S/N) ratio of the
digital sig- modification. The subtracter 8 subtracts the negative  nal
supplied to the decoder. Curve A represents the intercode interference
component S3 from the cor-  error rate when the intercode interference is
cancel- rected waveform signal S1, the negative waveforms   50  led from
the reproduced digital signal, as achieved by of which pass through the
subtracter 5 without modi-  the embodiment shown in Figure 4. Curve B
repre- fication, resulting In a negative waveform-equalised  sents the
error rate when high gain high frequency signal. The composite
waveform-equalised signal,  compensation is applied to the input digital
signal, as that is, the corrected waveform signal from which  Is done in
the arrangement shown in Figure 2. Curve positive and negative intercode
interference compo-  55   C represents the error rate when the digital
signal nents have been removed, Is shown in Figure 5D as  supplied to the
Viterbi decoder is accompanied solely a waveform-equalised signal S4. This
waveform-   by Gaussian noise. For a given SIN of the Viterbi decoder 38,
the er- 
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achieved by the present embodiment, as rep-  of the average amplitude
(which may be both positive resented by a point b, is seen to be only
slightly higher  and negative) of the high frequency compensated than what
appears to be the best error rate that can  digital signal. be achieved by
the Viterbi decoder, as represented by  Bit indications are produced by the
comparator a point c. This error rate b is seen to be a substantial   5
25 when the high frequency compensated digital sig- improvement over the
error rate which is achieved  for  nal exceeds the average threshold level
produced by the same S/N by the arrangement shown in Figure 2,  the average
level detector 26. These bit indications as represented by a point a.
are supplied to and shifted through a shift register27, The gains or
weighting coefficients A_1,Al, B_1,  which is similar to the aforedescribed
shift register and B1 of the weighting circuits shown in Figure 4 are  10
12. Thus, the shift register 27 includes stage -1, stage a function of the
wave shapes of the superimposed   0, and stage +1, and weighting circuits
28 and 29 are components which constitute the reproduced digital  coupled
to stages -1 and +1, respectively, to weight signal Sc, these components
being shown in Figure  the bit Indications In these stages. The weighted
bit in- 3C. Since these components are subjected to a low   dications are
summed in a summing circuit 30 to pro- gain high frequency compensation by
the linear  15  duce the intercode interface component which Is sup-
equaliser 4, resulting in the corrected waveform S1  plied to
thesubtracter23 to be subtracted from the in- shown in Figure 5A, the
weighting coefficients are  put digital signal. The output of the
subtracter 23, also a function of the compensation provided by the  which
may be similar to the waveform-equalised sig- equaliser 4. In theory, this
equaliser may be omitted.  nal S4 shown in Figure 5D Is decoded by the
Viterbi However, in that event, the weighting coefficients will  20
decoder 38. be increased, and this may produce a significant error  While
the present invention has been particularly when the intercode interference
component is sub-   shown and described with reference to preferred em-
tracted from the recovered digital signal. By including  bodiments, it will
be readily appreciated that various the equalliser 4, these weighting
coefficients may be  changes and modifications may be made. For exam-
reduced. Thus, the interrelationship between the   25  ple, a (1 +D)
encoder formed of the adder 8 and the equaliser4 and the weighting
coefficients is such that  one-bit delay circuit 9 (Figure 4) may be viewed
as a an increase in one may be accompanied by a de-      decoder. Also, the
waveform correcting circuit com- crease in the other.
prising the (1+D) encoder formed of the adder 2 and The embodiment shown in
Figure 4 illustrates a  the one-bit delay circuit 3, also including the
equaliser desired arrangement in the environment of a record-  30  4, are
matched to the characteristics of the digital ing/reproducing system. A
more general embodiment   transmission system which, as described in
conjunc- of the present invention is illustrated in Figure 7,  tion with
Figure 4, comprises an electromagnetic con- wherein the input digital
signal supplied to the inter-  version system having the characteristic (1
- D). Pre- ference cancellation equalising arrangement 20 need  coding of
the digital signal before it is transmitted (or not be limited solely to
that recovered from a magnet-  35  recorded) likewise is intended to match
the character- ic medium.                                          istics
of the digital transmission system. As the char- In the Figure 7
embodiment, the input digital sig-  acteristics of this system change, the
precoding like- nal is supplied to a subtracter 23, which is analogous
wise should be changed as should the characteristics to the aforedescribed
subtracter 5, by way of a delay  of the encoders used in the data recovery
arrange- circuit 21 and a linear equaliser 22. The delay circuit  40
ment. Thus, the encoders need not be limited solely 21 may be analogous to
the aforedescribed delay cir-  to (1 +D) encoders. In any event, the
present techni- cuit 1, and the linear equaliser 22 may be analogous  que
provides relatively low gain high frequency em- to the aforementioned
linear equallser 4. It will be  phasis to the waveform equalised digital
signal there- seen that the (1 +D) encoder used in the Figure 4 em-  by
minimising the correlation of the noise component bodiment is not provided
in the Figure 7 embodiment   45  which may be superimposed thereon, and
thus per- The Intercode interference component is extract-  mitting
correlation and decoding of the digital signal ed by means of a comparator
25 which is supplied   to recover the original digital Information. with
the high frequency compensated digital signal produced by the linear
equaliser24 (which is substan- tially similar to the aforedescribed linear
equaliser 7)  50  Claims and which receives a threshold level produced by
an average level detector 26 derived from the output of  1. Apparatus
forregenerating a coded digital signal, the equaliser 24. Thus, the high
frequency compen-     the apparatus comprising: sated digital signal
provided by the equaliser 24 is as-     a linear equaliser (7;24) for
emphasising sumed to be a two-level signal (rather than the tri-lev-  55
high frequency components in an input digital el signal provided by the
equaliser 7 in Figure 4) and  signal (Sc) representing said coded digital
signal is compared to a threshold level which is a function   to produce a
high frequency compensated digital 



signal (Sd); and 7    11                  EP 0 370 772 B1               12
ror rate achieved by the present embodiment, as rep-  of the average
amplitude (which may be both positive resented by a point b, is seen to be
only slightly higher  and negative) of the high frequency compensated than
what appears to be the best error rate that can  digital signal. be
achieved by the Viterbi decoder, as represented by  Bit indications are
produced by the comparator a point c. This error rate b is seen to be a
substantial   5   25 when the high frequency compensated digital sig-
improvement over the error rate which is achieved for  nal exceeds the
average threshold level produced by the same S/N by the arrangement shown
in Figure 2,  the average level detector 26. These bit indications as
represented by a point a.                       are supplied to and shifted
through a shift register27, The gains or weighting coefficients A_1 ,Al,
B_1,  which is similar to the aforedescribed shift register and B1 of the
weighting circuits shown in Figure 4 are  10  12. Thus, the shift register
27 includes stage -1, stage a function of the wave shapes of the
superimposed  0, and stage +1, and weighting circuits 28 and 29 are
components which constitute the reproduced digital  coupled to stages -1
and +1, respectively, to weight signal Sc, these components being shown in
Figure  the bitindications in these stages. The weighted bit in- 3C. Since
these components are subjected to a low  dications are summed in a summing
circuit 30 to pro- gain high frequency compensation by the linear  15  duce
the intercode interface component which is sup- equallser 4, resulting in
the corrected waveform S1  plied tothesubtracter23to be subtracted from the
in- shown In Figure 5A, the weighting coefficients are  put digital signal.
The output of the subtracter 23, also a function of the compensation
provided by the  which may be similar to the waveform-equalised sig-
equaliser 4. In theory, this equaliser may be omitted.  nal S4 shown In
Figure 5D is decoded by the Viterbi However, in that event, the weighting
coefficients will  20  decoder 38. be increased, and this may produce a
significanterror  While the present invention has been particularly when
the intercode interference component is sub-  shown and described with
reference to preferred em- tracted from the recovered digital signal. By
including  bodiments, It will be readily appreciated that various the
equaliser 4, these weighting coefficients may be  changes and modifications
may be made. For exam- reduced. Thus, the interrelationship between the
25  ple, a (1+D) encoder formed of the adder 8 and the equaliser4 and the
weighting coefficients is such that  one-bit delay circuit 9 (Figure 4) may
be viewed as a an increase in one may be accompanied by a de-     decoder.
Also, the waveform correcting circuit com- crease In the other.
prising the (l+D) encoder formed of the adder 2 and The embodiment shown in
Figure 4 Illustrates a  theone-bitdelaycircult3, also including the
equaliser desired arrangement In the environment of a record-  30  4, are
matched to the characteristics of the digital ing/reproducing system. Amore
general embodiment   transmission system which, as described in conjunc- of
the present invention is illustrated In Figure 7,  tion with Figure 4,
comprises an electromagnetic con- wherein the input digital signal supplied
to the inter-  version system having the characteristic (1 - D). Pre-
ference cancellation equalising arrangement 20 need  coding of the digital
signal before it is transmitted (or not be limited solely to that recovered
from a magnet-  35  recorded) likewise is Intended to match the character-
ic medium.                                         istics of the digital
transmission system. As the char- In the Figure 7 embodiment, the Input
digital sig-  acteristics of this system change, the precoding like- nal Is
supplied to a subtracter 23, which is analogous  wise should be changed as
should the characteristics to the aforedescribed subtracter 5, by way of a
delay  of the encoders used In the data recovery arrange- circuit 21 and a
linear equaliser 22. The delay circuit  40   ment. Thus, the encoders need
not be limited solely 21 may be analogous to the aforedescribed delay cir-
to (1+D) encoders. In any event, the present techni- cuit 1, and the linear
equaliser 22 may be analogous  que provides relatively low gain high
frequency em- to the aforementioned linear equaliser 4. It will be  phasis
to the waveform equalised digital signal there- seen that the (1+D) encoder
used In the Figure 4 em-  by minimising the correlation of the noise
component bodiment is not provided in the Figure 7 embodiment.  45  which
may be superimposed thereon, and thus per- The intercode interference
component Is extract-  mitting correlation and decoding of the digital
signal ed by means of a comparator 25 which is supplied  to recover the
original digital information. with the high frequency compensated digital
signal produced bythe linear equaliser24 (which is substan- tially similar
to the aforedescribed linear equaliser 7)  50  Claims and which receives a
threshold level produced by an average level detector 26 derived from the
output of  1. Apparatusforregenerating a coded digital signal, the
equaliser 24. Thus, the high frequency compen-    the apparatus comprising:
sated digital signal provided by the equaliser 24 is as-    a linear
equaliser (7;24) for emphasising sumed to be a two-level signal (rather
than the tri-lev-  55  high frequency components in an input digital el
signal provided by the equaliser 7 in Figure 4) and  signal (Sc)
representing said coded digital signal 



Is compared to a threshold level which Is a function  to produce a high
frequency compensated digital signal (Sd); and 7    13                  EP
0 370 772 B1                14 a correlation decoder (38) for recovering
coding means (8,9) exhibits a transfer character- the original digital
signal;                      istic [1+D], wherein D is a bit cell period.
the apparatus being charactersed by extracting means (8 to 19; 25 to 30)
for ex-  8. Apparatus according to claim 6 or claim 7, where- tracting
intercode interference (S2, S3) from said   5  in said encoding means
comprises delay means high frequency compensated digital signal (Sd);   (9)
for delaying the high frequency compensated and
digital signal (Sd) by a bit cell period, and sum- subtracting means (5, 6;
23) for subtract-   ming means (8) for summing the delayed and un- ing the
Intercode interference (S2, S3) from the   delayed compensated digital
signal. input digital signal (Sc) to produce a waveform   10 equalised
signal (S4);                         9. Apparatus according to any one of
claims 4 to 8, the correlation decoder (38) being opera-    wherein said
comparator means comprises posi- tive to recover the original digital
signal by pro-  tive and negative comparators (10, 11) for com- ducing and
correlating samples of said waveform    paring said compensated digital
signal (Se) with equalised signal (S4).                     15
positive and negative threshold levels to produce respective comparator
outputs if the compensat- 2. Apparatus according to claim 1, including
input    ed digital signal exceeds said positive or negative means (41 to
47) for producing said Input digital  threshold levels, said plural stage
shift register signal (Sc).                                       means
comprises respective plural stage shift 20     registers (12, 16) for
receiving the comparator 3. Apparatus according to claim 2, wherein said
in-   outputs from respective ones of the positive and put means comprises
magnetic reproducing           negative comparators (10, 11), and said
summing means (47,48) for reproducing said input digital   means comprises
respective summing circuits signal (Sc) from a magnetic medium (46).
(13 to 15, 17 to 19), each for summing the con- 25     tents of selected
stages of a respective shift reg- 4. Apparatus according to claim 1, claim
2 or claim   ister (12, 16) to produce respective summed out- 3, wherein
said extracting means comprises         puts (S2, S3). comparator means
(10,11;25) for receiving the high frequency compensated digital signal (Sd)
10. Apparatus according to claim 9, wherein said In- and comparing itwith a
threshold level to produce  30  put digital signal Is a pre-coded digital
signal (Sc) a comparator output if the high frequency com-    reproduced
from a magnetic medium (46), and pensated digital signal (Sd) exceeds said
thresh-  said subtracting means comprises correcting old level, plural
stage shift register means       means (Ito 4)for receiving said pre-coded
digital (12,16;27)forreceiving and shifting therethrough   signal (Sc) to
correct bit interference caused by the comparator output from said
comparator  35     said magnetic medium (46) and to produce a cor- means
(10,11;25), and summing means (13 to 15,    rected waveform (S1), and
respective subtract- 17 to 19; 28 to 30) for summing the contents of   ers
(5,6) connected in cascade to said correcting selected stages of said shift
register means      means (Ito 4), each for receiving a summed out- (12,16;
27).                                        put (S2,S3) from a respective
summing circuit (13 40     to 15, 17 to 19) to subtract the summed output
5. Apparatus according to claim 4, comprising aver-   (S2,S3) from said
corrected waveform (S1) and age level detecting means (26) for detecting an
thereby produce said waveform equalised signal average level of said high
frequency compensat-   (S4). ed digital signal (Sd) and supplying said
average level to said comparator means (25) as said  45  11. Apparatus
according to claim 10, wherein each threshold level.
summing circuit includes weighting means (13,14; 17,18) for weighting the
contents of the 6. Apparatus according to claim 4, wherein the high
selected stages which are summed. frequency compensated digital signal (Sd)
is formed of successive bit cells of pre-coded digital  50  12. Apparatus
according to claim 11, wherein said Information, and said extracting means
compris-   correcting means includes a low gain linear es encoding means
(8,9) connected to the linear    equaliser(4) for applying the corrected
waveform equalizer (7) for encoding the pre-coded digital  (S1) to the
cascaded subtracters (5, 6). information from said compensated digital
signal (Sd) and supplying encoded bit cell information  55   13. Apparatus
according to claim 12, wherein said in- 



(Se) to said comparator means (10,11).             put digital signal (Sc)
is formed of successive bit cells of pre-coded digital information, and
said 7. Apparatus according to claim 6, wherein said en-   correcting means
includes delay means (3) for 8    15                  EP 0 370 772 B1
16 delaying said input digital signal (Sc) by a bit cell  prises bit
selecting means (12,16) for selecting period, and summing means (2) for
summing the      bits that precede and succeed, respectively, a delayed and
undelayed Input digital signal and     predetermined bit in said encoded
digital signal supplying the summed signal to said low gain lin-  (Se),
weighting means (13,14; 17,18) for weight- ear equaliser (4).
5       ing the selected bits, and summing means (15,19) forsumming the
weighted bits to produce 14. Apparatus according to any one of claims 9 to
13,  said intercode interference (S2,S3). wherein each shift
register(12,16) includes a pre- determined stage and stages preceding and
suc-  20. Apparatus according to claim 16, claim 17 or ceeding said
predetermined stage, the contents  10  claim 18, wherein said extraction
means com- of said preceding and succeeding stages being      prises first
and second comparator means supplied to a respective summing circuit
(15,19).  (10,11) for sensing when the encoded digital sig- nal (Se)
exceeds positive and negative threshold 15. Apparatus according to claim
14, wherein said     levels, respectively, to produce bit indications
preceding and succeeding stages are adjacent  15   thereof, first and
second plural stage shift regis- said predetermined stage.
termeans (12,16)forreceiving and shifting there- through the bit
indications produced by said first 16. Apparatus according to claim 1, for
regenerating   and second comparator means (10,11), respec- a serial
digital signal that has been recorded on  tively, first and second
weighting means (13,14; a magnetic medium (46) in pre-coded form 1/[1-  20
17,18) connected to selected stages of said first D2], wherein D is a bit
interval of an original serial  and second shift register means (12,16),
respec- digital signal (Sa), wherein:                      tively, to
weight the bit indications in said selected reproducing means (47,48) is
provided for     stages, and first and second summing means reproducing the
precoded digital signal from said  (15,19), each for summing the weighted
bit indi- magnetic medium (46) to produce said input dig-  25  cations of
the selected stages of a respective ital signal (Sc), the linear equaliser
(7) being con-  shift register means (12,18) to produce a respec- nected to
said reproducing means (47,48) to re-    tive intercode interference
component (S2,S3). ceive the input digital signal (Sc); the extracting
means (8 to 19) includes en-  21. Apparatus according to claim 20, wherein
said coding means (8,9) for [1+D] encoding of the re-  30  subtracting
means comprises first and second produced equalised digital signal (Sd), to
produce  subtracters (5,6)forsubtracting the first and sec- a [1+D] encoded
digital signal (Se), and means     ond intercode Interference components
(S2,S3) (10 to 19) connected to said encoding means        produced by said
first and second summing (8,9) for extracting the intercode Interference
means (15,19) from said corrected waveform sig- (82, S3) from the encoded
digital signal (Se); and   35  nal (S1). the subtracting means comprises
means (1 to 4) connected to said reproducing means    22. Apparatus
according to claim 21, wherein said (47,48) for reducing interbit
Interference In the In-  first and second subtracters (5,6) are connected
put digital signal (Sc) to produce a corrected wa-  in cascade. veform
signal (S1), and means (5,6) for subtract-  40 Ing the extracted intercode
Interference (S2,S3)  23. Apparatus according to claim 20, claim 21 or from
the corrected waveform signal (SI) to pro-    claim 22, wherein said
selected stages of said duce the waveform equalisedsignal (S4).
first and second shift register means (12,16) comprise a stage preceding a
predetermined 17. Apparatus according to claim 16, wherein said  45  stage
and a stage succeeding said predeter- means (1 to 4) for reducing interbit
interference in  mined stage in each respective shift register the
inputdigital signal (Sc) includesadditional en-  means (12,16). coding
means (2 to 4) for [1+D] encoding of the input digital signal (Sc). 50
PatentansprOche 18. Apparatus according to claim 17, wherein said
additional encoding means includes low gain     1. Vorrichtung zum
Regenerieren eines codierten equalising means (4) for providing low gain
high   digitalen Signals, wobel die Vorrichtung umfallt: frequency
compensation to the [1+D] encoded        einen linearen Equalizer (7; 24)
zum Hervorhe- 



signal.                                    55      ben von
Hochfrequenzkomponenten in elnem das oodierte digitale Signal
reprasentierenden di- 19. Apparatus according to claim 18, clm 17 or
gitalen Eingangssignal (Sc), um sin hochfre- claim 18, wherein said
extracting means com-      quenzkompenslertes digitales Signal (Sd) zu er-
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III 11 1111 zeugen; und                                      (7) verbundene
Codierungsmittel (8, 9) zur Co- eonen Korrelationsdecoder (38) zur
R-ckgewin-    disrung der vorcodierten digitalen Information nung des
uropringlichen digitalen Signals;       aus dern kompenslbrten digitalen
Signal (Sd) und wobei die Vorrichtung gekennzeichnet ist durch:  zur
Bereltatellung dercodlerten Bitzelleninforma- Ausblendungsmittel (8 bis 19;
25 bis 30) zum    5  tion (Se)ffirdie Vergleicherainrichtungen (10,11)
Ausbienden einer Zwlschencodeinterferenz (S2,    umfassen. S3) aus dem
hochfrequenzkompsnsierten digits- len Signal (Sd); und
7. Vorrichtung nach Anspruch 6, belwelcherdie Co- Subtraktlonsrnittel (5,
8; 23) zurn Subtrahleren  dierungsmittel (8, 9) sine Obertragungscharakte-
der Zwlschencodsinterferenz (S2, S3) aus dem   10  ristik 1.+DJ zeigen, in
wotcher D ine Bitzetlenpe- digitalen Eingangsaignal (Sc), um sin entzerrtes
rode ist. Wellenformsignal (S4) zu erzeugen; wobei der Korrelatlonsdecoder
(38) wirkam aist,  8. Vorrrichtung nach Anspruch 8 oder7, be! welcher um
das ursprfOngliche digitale Signal durch Er-  die Codierungsmittel
Verz8gerungsmittel (9) zur zeugen und Korrelieren von Abtastproben des  iS
Verzogerung des hochfrequenzkompensierten entzerrbtn Wellenformsignal (S4)
zuruckzuge-     dgitalen Signals (Sd) urn esine Bltzellenperiode winnen.
und Summiermittel (8) zurn Aufsummieren des verzOgerten und des
unverz8gerten kompen- 2. Vorrichtung nach Anspruch 1, welche Eingangs-
alerten digitalen Signals urnfassen. mittel (41 bis 47) zur Erzeugung des
digitalen  20 Eingangssignals (Sc) enthalt.                 9. Vorrichtung
nach einern der AnsprOche 4 bis 8, be! welcher die Verglelchereinrichtung
positive S. Vorrichtung nach Anspruch 2, bel wetcher die      und negative
Verglelcher (10, 11) zurn Verglei- Elngangsmittol magnetische
Wiedergabemittel      chen des kompensierten digitalen Signals (Se) (47,
48) zur Wiedergabe des digitalen Eingangs-  25  mit positiven und negativen
Schwellpegeln um- signals (Sc) von einem magnetischen Trager (46)  fassen,
um jewells Verglelcherausgangssignale umfassen.
zu erzeugen, wenn das kompenslerte digitale Si- gnal die positiven oder
negativen Schwellpegel 4. Vorrichtung nach Anspruch 1, 2 oder 3, be! wed-
Oberschreltst, wobel die mehrstufige Schiebere- cher die Ausblendungsmittel
Vergieichereinrich-  3o  gistereinrichtung jeweils mehrstufige Schiebere-
tungen (10, 11; 25) zum Empfang des hochfre-     gister (12,16) zum Empfang
der Vergleicheraus- quenzkompensierten digitalen Signals (Sd) und
gangssignals von jewells einzelnen der positiven zurn Vergleichen von
diesem mit einem Schwell-   und negativen Vergleicher (10, 11) umfagt, und
pegel, urn sin Vergleicherausgangsaignal zu or-  wobei die Summiermittel
jeweils Summierschal- zeugen, wenn das hochfrequenzkiompensierte  ss
tungen (13 bis 15, 17 bis 19) umfassen, von de- digitale Signal (Sd) den
Schwellpegel Oberschrel-  non 3ede die Inhalte ausgowlihiter Stufen sines
tot, mehrstuflbe Schisberegistereinrichtungen    jeweiligen Schiebregister
(12, 16) aufsummiert, (12, 16; 27) zum Empfang und zum Verschieben     um
jewells aufsumrnmierte Ausgangasignale (82, des Vergleicherausgangssignals
von den Ver-      S3) zu erzougen. gleichereinrichtungen (10, 11; 25), und
Summler-  40 elnrichtungen (13 bis 15, 17 bWs 19; 28 bis 30)  10.
Vorrichtung nachAnspruch 9, beiwelcherdas dl- zurn Aufsummieren der Inhalte
der ausgewahiten   gitale Eingangsslgnal ein voroodlertes digitales Stufen
derSchieberegisterelnrichtungen (12, 16;  Signal (Sc) ist, welches von
einem magnetischen 27) umfassen.                                    Medium
(46) wiedergegeben worden bst, und be! 45      welcher die
Subtraktionsmittel Korreturrnittel (1 5. Vorrichtung nach Anspruch 4,
welche Durch-        bis 4) zurn Empfang des voroodlerten Signals
schnittspsgelfeststellungsmittel (26) zur Fest-  (Sc) umfassen, um die
durch das magnetische stellung eines Durchschnittspegels des hochfre-
Medium (46) verursachte Bitinterferenz zu korri- quenzkompenslerten
digitalen Signals (Sd) und    gberen und eine korriglerte Wellenform (SI)
zu er- zur Bereltstellung des Durchschnittepegels als  60  zeugen, und bei
welcher jeweils in Kaskade ge- Schwdwertpegel fOr die
Vergleichereinrichtun-    schaltete Subtrahlerer (5, 6) mit den Korreictur-
gen (25) urnfaSt.                                mitteln (1 bis 4)
verbunden sind, wobel jeder sin- zelne sin aufsummiertes Ausgangasignal
(S2, 



6. Vorrichtung nach Anspruch 4, bol weicher das      S3) von einer
jeweiligen Summlerschaltung (13 hochfrequenzkompensierte digtale Signal
(Sd)  55  bis 15; 17 bin 19) empflngt, urn das aufsummier- aus
aufoinanderfolgenden Bitzellen eoner vorco-  to Ausgangesignal (S2, S3) von
der korrigierten dierten digitalen Information gobildet ist, und die
Wellenform (SI) zu subtrahieren und dadurch Ausblendungsmittol mit dem
linearen Equalizer    das entzerrte Wellenfbrmsignal (S4) zu erzeu- 10    i
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Zwischencodeinterferenz (82, S3) aus dem co- dierten digitalen Signal (Se)
enthalten; und 11. Vorrichtung nach Anspruch 10, bei welcher jede    die
Subtraktlonsmittel mit den Wiedergabemit- Summierachaltung
Gewichtungsmittbl (13, 14;        teln (47, 48) verbundene Mittel (1 bis 4)
zur Ver- 17, 18) zum Gewichten der Inhalte der ausge-   5   ringerung
derZwischenbitinterferenz in dem digi- wAhiten Stufen, welche aufaummiert
werden,         talon Eingangssignal (Sc), um ein korrgiertes enthalt.
Wellenformsignal (SI) zu erzeugen, und Mittel (5, 6) zum Subtrahieren
derausgeblendeten Zwi- 12. Vorrichtung nach Anspruch 11, bel welcher die
schenoodeintbrferenz (S2, S3) aus dem korr- Korrekturmittl einen linearen
Equalzer (4) mit  lo  gierten Wellenformsignal (SI), um das entzerrte
nledrigorVerstairkung zum Anlegen der korrigier-   Wellenformsignal (S4) zu
erzeugen, unfasson. ten Wellenform (SI) an die In Kaskade geschal- teten
Subtrahierer (5, 6) enthalten.           17. Vorrichtung nach Anspruch 16,
be! welcher die Mittel (1 bls 4) zur Verringerung der ZwIschenbit- 13.
Vorrichtung nach Anspruch 12, bei welcher das  15  interferenz In dem
digitalen Eingangshgnal (Sc) digitale Eingangssignal (Sc) von
aufeinanderfol-   zusitzliche Codierungsmittel (2 bls 4) zur [1+D]- genden
Bltzellen elner vorcodierten digitalen In-  Codierung des digitalen
Eingangssignals (Sc) formation gebildet !st, und beiwelcherdle Korrek-
enthalten. turmittel Verzfgerungsmittel (3) zum Verzogern des digitalen
Elngangssignals (Sc) urn sne Bit-  2o  18. Vorrichtung nach Anspruch 17,
bel weicher die zellenperiode und Summiermittel (2) zum Auf-
zusltzlichen Codierungsmittel Entzerrungsmlt- summberen des verzogerten und
des unverzo-        tel (4) mit niedrigerVerstarkung zurSchaffung ei-
gerten digitalen Eingangssignal und zur Bereit-    ner
Hochfrequenzkompensation mit niedriger stellung desaufsummierten Signals
fOrden linea-    Verstarkungfirdas[1+D]-codierte Signal enthal- ren
Equalizer (4) mit niedriger Verstarkung ent-  25  ten. halten. 19.
Vorrichtung nach Anspruch 16, 17 odor 18, bel 14. Vorrichtung nach einem
derAnsprflche 9 bis 13,    welcherdleAusblendungsmittel Bitauswahlmitel bei
welcher jedes Schlebereglster (12, 16) eine    (12, 18) zur Auswahl von
Bits, weiche jewells ei- vorgegebene Stufe enthalt und Stufen dervorge-  30
nem vorgegebenen Bit in dem codierten digitalen gebenen Stufe vorausgehen
und nachfolgen, wo-      Signal (Se) vorausgehen und nachfoigen, Ge- bei
die Inhalte der vorausgehenden und nachfol-    wichtungsmittel (13, 14; 17,
18) zum Gewichten genden Stufen einer jeweiligen Summierschal-       der
ausgewAhlbtn Bits und Summlermittel (15, tung (15, 19) zugefflhrt werden.
19) zum Aufeummieren der gewichteten Bits, um 35      die
Zwischencodeinterferenz (S2, S3) zu erzeu- 15. Vorrichtung nach Anspruch
14, bei woicher die     gen, urnfassen. vorausgehenden und nachfolgenden
Stufen der vorgegebenen Stufe benachbart sind.            20. Vorrichtung
nach Anspruch 16, 17 odor 18, bei welcher die Ausblendungsmittel erst und
zweite 16. Vorrrichtung nach Anspruch I zum Regenerieren   4o
Verglelchereinrichtungen (10, 11)zurAbfrage, ob sines serlellen digitalen
Signals, welches auf el-  das codierte digitals Signal (Se) jewells
positive nem magnetischen Medium (46) in vorcodierter       und negative
Schwellpegel Oberschreitet, um Bit- Form 1i[1-D21 aufgezeichnet worden ist,
worin D    anzelgen davon zu erzeugen, erste und zweibt ein Bitintervall
sines uraprOnglIchen serielten di-  mehrstufige
Schieberegistereinrichtungen (12, gitalon Signals (Sm) ist, bei welcher
46       18) zum Empang und zurn Verschieben der je- Wiedergabemittel (47,
48) zur Wiedergabe des       weils durch die ersten und zweiten
Vergleichsmit- vorcodierton digitalen Signals von dam magneti-   tel (10,
11) erzeugtbn Bltanzelgen, erste und schen Medium (46) vorgesehen sind, um
das di-      zweibt jeweils mit ausgewihlten Stufen der er- gitale
Eingangssignal (Sc) zu erzeugen, wobei      sten und zweiten
Schieberegistereinrichtungen der lineare Equalizer (7) mit den
Wiedergabemit-  5o  (12, 16) verbundene Gewichtungsmittel (13, 14; ton (47,
48) verbunden lt, um das digitale Ein-    17, 18), urn die Bitanzeigen in
den ausgewahiten 



gangssignal (Sc) zu empfangen;                     Stufen zu gewichten, und
erste und zwelte Sum- die Ausblendungsmittel (8 bis 19) Codierungs-
miermittel (15, 19) zum Summieren der gewich- mittl (8, 9) zur
[1+D]-Codierung des wiederge-     bten Bitanzeigen derausgewahiten Stufon
elner gebenen entzerrten digitalen Signals (Sd), um   55  jeweiligen
Schleberegistereinrichtung (12, 16), eln [1+D]-codiertbs digitales Signal
(Se) zu or-   um she jeweilige Zwischenoodeinterferenzkorn- zougen, und
mitden Codlerungsmitteln (8,9)ver-     ponente (S2, S3) zu erzeugen,
umfassen. bundene Mittel (10 bis 19) zurn Ausblenden der    21
EP 0 370 772 B1                 22          c   L   Ni1I  N  S 11111 21.
Vorrichtung nach Anspruch 20, bel weicher die    tion 2 ou la revendication
3, dans loquel ledit dis- Subtraktionsmittbl orate und zwelte Subtrahlerer
positif d'extraction comprend un dispositif (5, 6) zum Subtrahieren der von
den ersten und    comparatour (10, II; 25) pour recevoir le signal zweiten
Summiermittoin (15, 16) orzeugten or-     numerique compensb en frbquence
olevbe (Sd) sten und zweiten Zwischencodeinterforenzkom-   5  et le
comparer avec le niveau de seull pour pro- ponenten (S2. S3) von dem
korrigierten Wellen-    duire une sortie de comparateur si le signal nu-
formsignal (SI) umfassen.                         merique compense en
frequence elevee (Sd) de- passe ledit niveau de seuil, un dispositif de
regis- 22. Vorrichtung nach Anspruch 21, bet welcher die    tre A dicalage
a plusieurs etages (12, 16 ; 27) ersten und zweiten Subtrahierer (5, 8) In
einer  10  pour recevoir et dcalerAi travers celul-ci lasortle Kaskade
verbunden sind.                           de comparateur dudit dispositif
comparateur (10, 11; 25), et un dispositif d'addition (13 A 15, 17 a 23.
Vorrichtung nach Anspruch 20, 21 oder 22, be!     19; 28 A 30) pour
additionner les contenus des weicher die ausgowahiten Stufen der ersten und
etages silectionnis dudit dispositif de registre A zweiten
Schileberegistereinrichtungen (12, 16) in  15  dicalage (12, 16; 27). jeder
einzolnen Schioberegistereinrichtung (12, 16) eine einervorgogebonon Stufe
vorausgehon-  5  Apparoll selon la revendication 4, comprenant un de Stufe
und oine der vorgegebenen Stufo nach-    disposKif de detection de niveau
moyen (26) pour folgende Stufe umfassen.                          ditecter
un niveau moyen dudit signal numerique 20      componse en frequence 6oevie
(Sd) et pourfour- nir ledit niveau moyen audit dispositif compare-
Revendications                                       tour (25) comme ledit
niveau de seull. 1. Appareil pour regenerer un signal numerique    6.
Appareli solon la revendication 4, dans loquel Is codi, I'appareil
comprenant:              25      signal numerique compense en frequenceo
levee un egaliseur lineaire (7 ; 24) pour accen-  (Sd) est forme de
cellules binaires successives tuer des composantes defrequence loevie dans
d'informations numeriques precodees, et ledit un signal numerique d'entree
(So) representant    dispositif d'extraction comprend un dispositif de
ledit signal numerique codi pour produire un si-  codage (8, 9) reIli A
l'egaliseur lineaire (7) pour gnal numirique compense en friquence elevee
tO   coder les informations numiriques precodees (Sd); et
dudit signal numerIque compense (Sd) et pour un decodeurde correlation (38)
pour recu-    fournirdes Informations de cellule binaire codees perer le
signal numerique original;               (So) audit dispositif comparateur
(10, 11). IPapparell Mint caractirisi par: un dispositif d'extractlon (8 A
I9 ; 25 A 30)  35  7. Appareil solon la revendlcatbon 6, dans loquel le-
pour extraire une interf6ronce entre codes (S2,   dit dispositif de codage
(8, 9) montre une carao- S3) dudit signal numerique compense en fri-
teristique de transfert [1+D], dans lequel D est quence elovee (Sd) ; et
une periode de cellule binaire. un dispositif de soustraction (5, 6 ; 23)
K>     pour soustraire lIlnterference entre codes (S2,  40  8. Appareil
solon la revondicatlon 8 ou la revendica- S3) du signal numerique d'entroe
(Sc) pour pro-   tion 7, dans loquel ledit dispositif de codage duire un
signal de forme d'onde egalis6 (84);     comprend un dispositif A retard
(9) pour retarder le dicodeur de correlation (38) etant fono-  le signal
numerique compense on frequence ele- tionnel pour ricuperer Is signal
num6rique origi-  vee (Sd) par une perlode de cellule binalre, et un nal en
produisant eten correlantdes 6chantillons  45  dispositif d'addition (8)
pour additlonner Is signal dudit signal de forms d'onde igalise (S4).
num6rique compens6 retard6 et non-retardi. 2. Appareil salon la
revendication 1, compronant un  9. Appareil solon lPune quelconque des
revendica- dispositif d'entree (41 A 47) pour produire ledit si-  tions 4 A
8, dans loquel ledit dispositif oompara- gnal numerique d'entree (Sc).
50      tour comprend des comparateurs positihe et ne- gatifs (10, 11) pour
comparerledit signal numeri- 3. Apparell salon Ia revendicatlon 2, dans
tequel le-  quo compense (Se) avec des niveaux de souil po- dit dispositif
dentrie comprend un dispositif de  sitife et negatifs pour produire des
sorties de 



reproduction magnotique (47,48) pour reprodul-    comparateur respectives
si le signal num6rique re ledit signal num6rique d'entree (Sc) A partir  55
compens6 depasse lesdits niveaux de seuil po- d'un support magnetique (46).
sitifs et negatifs, ledit dispositif de registre A de- calage A plusleurs
etages comprend des regis- 4. Apparell selon la revendication 1, la
revendica-  tres A d6calage A plusleurs etages respectifs (12, 12    23
EP 0 370 772 B1                 24       111111 111111111 11111 18) pour
recevoir les sorties de comparateurdes  15. Appareil selon la revendication
14, dans loquel comparateurs positifs et negatihe respectifa (10,  lesdits
etages prdcedents et suivants sont vol- 11), et ledit dispositif d'additlon
comprend des cir-  sins dudit 6tage pred~termine. cuits d'addition
respectift (13 A 15, 17 A 19), chs- cun pouradditionnerles contenus des
6tages se-   5   1. Appareil selon la revendication 1, pour g6n6rer
lectionnes d'un registre A d6calage respectifs     un signal numerique en
serie qul a ete enregistr6 (12 16) pour produire des sorties additionnies
sur un support magnetique (46) sous forms pre- respectives (82, 83).
codee 1i[1-D2], dans laquelle D set un Intervalle binalre d'un signal
numerique on serl original 10. Appareil selon la revendication 9, dans
lequel Ie-  lo  (Sa) dans loquel: dit signal numerique d'entr~e est un
signal nume-        un dispositif de reproduction (47, 48) est rique
precode (Sc) reproduit a partir d'un support  fourni pour reproduire Is
signal numerique preco- magnitique (48), et ledit dispositif de soustrao-
de A partir dudit support magnitique (46) pour tion comprend un dispositif
de correctIon (1 a 4)  produire ledit signal numerique d'entree (Sc), pour
recevoir ledit signal numerique pricod6 (Sc)  15  I'egalisour lineaire (7)
etant relie audit dispositif pour corriger une Interference de bit
provoques    de reproduction (47, 48) pour recovoir le signal par ledit
support magnetique (46) et pour produl-  numerique d'entree (Sc); re une
forms d'onde corrigeo (SI), et des dispo-         ledispositifd'extraction
(8 a 19) comprend sitifs de soustractbon respectifs (5, 6) rellie en  un
dispositif de codage (8, 9) pour le codage cascade audit dispositif de
correction (1 A 4),  20  [1+D] du signal numinique reproduit 6galisI (Sd),
chacun pour recevoir une sortio additlonne (SI,    pour produire un signal
numerique code [1+D] S2) A partir d'un circuit d'addition respectif (13 A
(Se), etundispositif(10 a19) relidauditdispositif 15, 17 A 19) pour
soustraire la sortie additionnee  de codage (8, 9) pourextrairel
interference entre (S2, S3) de ladite forms d'onde conigde (SI) et    codes
(S2, S3) du signal numerique codA (Se); produire ainsi ledit signal de form
dConde egalise   25  et (S4).
Is dispositif de soustraction comprend un dispositif (1 A 4) relie
audltdispositif de reproduc- 11. Appareil selon la revendicatlon 10, dans
lequel   tion (47, 48) pour riduire une interference entre chaque circuit
d'addition comprend un dispositif   bits dans le signal numerique d'entree
(Sc) pour de pondiration (13,14; 17,18) pour ponderer lee  3o  produire un
signal de forme d'onde corrmge (SI), contenus des 6tages selectionn6s qui
sont addi-    et un dispositif (5 6) pour soustraire l'Intbrf6ren- tionnes.
ce entre codes extralte (S2, S3) du signal de for- me donde corrig6 (SI)
pour produire Is signal de 12. Appareil selon la revendication 11, dans
loquel le-  forme d onde egalise (S4). ditdispositif de correction comprend
un egaliseur  35 lin6alre de faible gain (4) pour appliquer la forms  17.
Apparell selon la revendicatlon 16, dans lequel d'onde corrigbe (SI)
auxdispositifs de soustrac-   leditdispositif (1 A4) pour r6dutre une
intbrferen- tion en cascade (5, 8).                            ce entre
bits dans le signal num6rique d'entr~e (Sc) oomprond un dispositif de
codage suppl6- 13. Apparell solon la revendicatlon 12, dans lequel  4o
mentaire (2 A 4) pour le codage [I+D] du signal ledit signal num6rique
d'entr"e (Sc) est form6 de  num6rique d'entrie (Sc). coellulos binaires
successivos d'informatbons nu- m6riquos pr6codees, et ledit dispositif de
correo-  18. Apparell solon la revendication 17, dans loquel tion comprond
un dispositif A retard (3) pour rn-  Isdit dispositif de codage
supplementaire tarder ledit signal numerique d'entrde (Sc) d'une   45
comprend un dispositif d'igallsation de faible p6riode de cellule binaire,
t un dispositif d'addi-  gain (4) pour fournlr une compensation de fre-
tion (2) pour additionner le signal numinique      quenoe 6levie de falble
gain au signal cod6 d'entrse retard6 et non-retard6 et pour fhurnir le
[1+D]. signal additionn6 audit 6galiseur lin6aire de gain faible (4).
so  19. Apparell selon la revendlcation 16, la revendica- tion 17, ou la
revendication 18, dans loquel ledit 14. Appareil solon l'une quelconque des
revendlca-     dispositif d'extraction comprend un dispositif de 



tlons 9 A 13, dans [squel chaque registre A d6ca-  s6lection de bit (12,
16) pour selectionner des lags (12, 16) comprend un 6tage pr6d6termin6 et
bits qui pricdent et suivent, respectivement un des Mtages pr6cidents et
suivants ledit 6tage  wS  bit pr~ditormind dans ledit signal cod6 (Se), un
pr6ditermin6, les contonus desdits Atages pri-     dispositif de
ponderation (13, 14; 17, 18) pour cidents et sulvants etant appliques A un
circuit   ponderer les bit selectionnes, et un dispositif d'addition
respectif (15, 19).                     d'addition (15, 19) pour
additionner les bits pon- 13    25 6                EP 0370772 B1
2      1         .  1111511Jl deres pour produire ladite interference entre
co- des (S2, S3). 20. Appareil selon la revendlcatbon 18, la revondica-
tbon 17 ou la revendication 18, dans lequel ledit   5 dispositif
d'extraction comprend des premier et second dispositifs comparateurs (10,
11) pour d6lecter lorsque la signal num6rique cod6 (So) d6passe
respectivementdes niveauxde seuil po- sitifs et negatifs, pour produire des
indications bi-  10 naires de celul-ci, des premier et second disposi- tifs
de registre a d6calage a plusleurs etages (12, 16) pour recevoir et d6caler
A travers celul-cl des indications binaires produltos respectivement par
lesdits premier et second dispositifs compara-  18 tours (10, 11), des
premier et second dispositifs de ponderation (13,14; 17,18) relies
aux6tages s6lectionn6s respectivement desdits premier et second dispositifs
de registre a decalage (12, 16), pour pond6rer les indications binalres
dans   20 lesdits 6tages s6leotlonn6s, et des premier et se- cond
dispositifs d'additfon (15, 19), chacun pour additlonner les Indications
binalres ponder6es de etages s6lectionn6s d'un dispositif de registre a
d6calage respectif (12, 16) pour produire une   25 composante
d'intbrf6rence entre codes respecti- ve (S2, S3). 21. Apparell solon la
revendicatbon 20, dans lequel ledit dispositif de soustraction comprend des
pre-  30 mier et second dispositifs de soustraction (5, 8) pour soustraire
les premiere et seconds compo- santes d'interf6rence entre codes (S2, S3)
pro- duites par lesdits premier et second dispositifs d'addition (1 5, 19)
a partir dudit signal con ige de   35 forme d'onde (SI). 22. Apparell selon
la revendlcation 21, dans loquol lesdits premier et second dispositifa de
soustrac- tlon (5, 8) sont reilts en cascade.         40 23 Appareil solon
la revendicatbon 20, la revendica- tion 21, ou la revendicatlon 22, dans
lequel les- dits etages selectionn6s desdits premier et se- cond
dispositifs de registre a d6calage (12, 16)  45 comprennent un etage
prec~dant un etage pr6- d~termin6 et un etage suivant ledit 6tage pr6d6-
termine dans chaque dispositif de registre A d6- calage respectif (12, 16).
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