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Those clocks and the data from which the synchronisa- tion signals are
separated are sent to the TBC circuits The present invention relates to a
method of pulse  31, 32 to 33. In the TBC circuits 31, 32 to 33 jitters and
code modulation (PCM) recording, recording apparatus  wow flutters are
removed from the reproduced data, and therefor recording tapes bearing
recorded data and re-  5  the data is sent to the decoder circuit 34. In
the decoder producing apparatus therefor.                     circuit 34
error detection and correction of the data is The problem, of correcting
interpolating and smooth-  conducted making use of the C1 and C2 inspection
data. ing signals reproduced from hand-cut edied i.e. spliced  This data is
converted into analogue signal by the digital recorded tape is addressed
and is resolved by providing  to analogue converter 35 and is output from
the output a modified recording format compatible with an increase  10
terminal 36. It is noted that the control signal is used for in the cross
fading period in which smoothing is applied.  control of emphasis and clock
frequency. A clock signal By way of background reference will first be made
is sent to the analogue to digital converter 10 and the to a PCM recording
and reproducing apparatus of con-  digital to analogue converter 35 and
clocks of other fre- ventional construction. This is shown in figure 1. In
the  quencyfroma clock generator37 are applied tothe track apparatus shown
two channels of analogue signals are  15 sharing circuit 12 the modulation
circuits 13,14 to 15 and input via terminal 9 to an analogue digital
converter 10.    the TBC circuits 31, 32 to 33. This analogue digital
converter 10 is followed by an en-  Reference will now be made to the frame
and block coder circuit 11 and a track sharing circuit 12. The output
construction of PCM data time shift and convolution in- side of the
tracking sharing circuit 12 is connected to a  terleave patterning encoder
circuit arrangement and il- numberofseparatetrackchannels in each of which
there  20 lustrated concept of cross fading shown in figures 2to 6. is
provided: a respective modulation circuit 13,14 to 15;  Figures 2, 3 and 6
are reproduced from a paper entitled a respective recording amplifier 16,
17 to 18; and a re-    'On the signal format for the improved professional
use spective recording head 19, 20 to 21. In the reproducing  two channel
digital audio recorder" which was presented part of this apparatus there
are provided a like plurality  at the 79th Convention, 1985, October 12 to
16 organ- of track channels each of which comprises: a respective  25 ised
by the Audio Engineering Society, pp 1 to 8 (Refer- reproduction head 22,
23 to 24; a respective reproduc-  ence 1). tion amplifier 25,26 to 27; a
respective demodulation cir-  Typical frame and block construction of PCM
record- cuit 28, 29 to 30; and a respective time axis correction  ing data
is shown in figures 2(a) and (b), respectively. circuit (hereinafter
referred to as a "TBC circuit') 31, 32  The frame construction comprises a
total of 360 bits in- to 33. The respective track channels are connected to
a  30 cluding 16 bits of synchronisation signal, 8 bits of control decoder
circuit 34 which in turn is connected to a digital    signal, 320 bits of
PCM data or C2 inspection data and to analogue converter 35. This digital
to analogue con-  16 bits of C1 inspection data. The block configuration
verter 35 is connected to an analogue signal output ter-    shown isforan
eighttrack recording tape and is compiled minal 36.
from six frames of PCM data and two frames of corre- Description of
operation of this apparatus will now  35 sponding C2 inspection data. It is
noted that the PCM be given. Firstly, in the recording part of the
apparatus,  data and corresponding C2 inspection data is not frame an
analogue signal input at the input terminal 9 is con-  constituted in order
of appearance but is time shifted and verted into digital data by the
analogue to digital convert-    interleaved so as to diversify burst errors
which occur er 10 and error correction and detection codes C2 in-  due to
dropouts such as occur during reproduction. spection data and C1 inspection
data, respectively, are  40  Figure 3 shows the time shift and interleave
pattern. added theretobythe encoder circuit 11 to provide means  A/D
converted data is generated in the order W[err], W[err], of detecting and
correcting errors such as might arise  W[err]... These reference characters
W refer to one word from imperfections in the recording tape. A control
signal  of data which in this case is of 32 bits comprising sixteen is
addedtothe encoded signal bythe tracksharing circuit    bits from each of
the two input channels. The PCM data 12 and encoded signals are shared
amongst the plurality  45 shown with dashes W1[err], W[err],   , W11' are
antecedent of track channels. In these track channels the respective  words
of data which precede each of the odd data words encoded signals are
modulated by the modulation cir-  W1, W3, ... W11 by a time interval of
d[err]. Reference char- cuits 13, 14 to 15 and the pulse code modulated
(PCM)  acters C[err], C[err], C[err] and C[err] represent the C2 inspection
data produced is of a form which is suitable for recording  data generated
from even data W[err], W[err], .., W[err] and an- the same onto recording
tape. Synchronisation and con- 50 tecedent odd data W[err], W[err],
..,W[err]. trol signals are added and the respective PCM signals  Figure 4
shows the data time shift and convolution are recorded on the tape via the
recording amplifiers 16,  interleave delay sequence. The time shifting and
convo- 17 to 18 and the recording heads 19, 20 to 21. In the  lutional
interleaving operation will now be described with recording part of the
apparatus, signals reproduced by  reference to this figure. the
reproduction heads 22,23 to 24 are amplified by the  55  First of all, the
A/D converted data are separated by reproduction amplifiers 25, 26 to 27
and the synchroni-    alternate application of a time delay d[err] into
even desig- sation signals are detected and protected by the demod-  nated
data W[err], W[err], ... and delayed odd data W[err], ulation circuits 28,
29 to 30 and clocks are reproduced.  W[err], ... Following this separation
the even data and 2    3                EP 0 395125 B1                   4 



the delayed odd data are encoded to produce corre-    tection codes, i.e.
C1 inspection data and error correc- sponding C2 error correction data. In
the present case n  tion codes, i.e. C2 inspection data. These encoders are
= 4 error correction data codes C[err], C[err] C[err] and  subject to
control by the memory control circuit 66. In or- C[err] are produced for
every twelve successive data words  derto simpliy the memory control
circuit 66 it is desirable W[err]to W[err]. Subsequently the delayed odd
data and  5  that the capacity of the memory is divided into 61 block two
out of four data codes C[err] and C[err] are delayed  portions and that the
data from the A/D converter 10 are by a further delay d2. Various delays
d[err] to seven d[err] are  successively recorded at the positions of
[err] W then applied to the data words and correction codes as  as shown in
figure 3. In this system, the C2 encoding is shown in figure 4. In
particular integer multiples 0, 1 and  then conducted by taking out the
data in the order W[err], 2 of the interleave delay d3 are applied to the
first three  10 W[err], W[err] from the memory 65 thereby to conduct C2 en-
even data words W[err], W[err] and W[err], respectively  coding and the C2
inspection data produced is then and to the first three odd words W[err],
W[err] and  stored in the memory 65. Several frames of C2 encoded W[err],
respectively. Multiple increments 4, 5 and 6 of  data are stored and C1
encoding is conducted by the C1 the interleaved delay d[err] are applied to
the remainder  encoder 67 to generate the C1 inspection data. The en- even
data words W[err] and W[err], re- 15 coded data C2 is sent to the track
sharing circuit 12. spectively and the odd data words W[err], W[err], re-
The properties of this conventional PCM recording spectively. A multiple
increment 3 of the interleave delay  and reproducing apparatus will now be
described. As ap- d3 is applied to two of the error correction codes C4j
and  parent from figure 3 the C2 encoded data is diversified [err] and the
multiple increment 7 of the interleave delay  to 61 blocks at equal
intervals, i.e. every four blocks from d[err] is applied to the remainder
two error correction codes 20 the error correction ability when an error is
generated at [err] and [err]. The convolutional interleave encoding  every
block becomes that of sixteen blocks because four of each succession of the
twelve data words W121 to  errors can be corrected in the case where the
error is W[err] is performed in a cycle period T and the time shift
detected by the C1 code and corrected by the [err] code. delays d[err] and
d[err] and interleave d3 have in this case the  For example, in such a case
where the Reed Solomon values 20T, 160T and 20T, respectively. It is noted
that 25 code on a Galoia field (28) dealing with eight bits as one the time
interval spanning the compilation of an entire  unit (one symbol) is used
as the 02 error correction code. frame or block is 5T. Respective frame
timings 0 to 60  Figure 6 shows how hand cut editing is treated. Sup- are
shown in figure 3.                            pose two recording tapes are
connected together at a The data is arranged as shown in figure 3. The even
splice point. When reproduction is conducted, tape 1 on number PCM data and
the odd number PCM data are  30 the left is reproduced in the order from
usual reproduc- time shifted apart from each other to enable correction
tion section A through an error correction section B and by mean value
interpolation using previous and following  finally an error correction
section C. Conversely the sig- data values and this can accommodate burst
errors aris-  nal reproduced from the second tape, tape 2, is repro- ing.
Furthermore, both even data and odd data are dis-  duced in the reverse
order to that above, i.e. from error persed by different multiple increment
interleave delays. 35 correction section C to error correction section B to
the This is so that abnormal sounds are not generated when  usual
reproduction section A. Herein, the error correction odd and even data are
corrected when it is not possible  section B is a section where the
original signal can be to make correction by reference to the C2 correction
da-  recovered by conducting an error correction reliant on ta.
detection by the C1 error detection codes and correction In the time shift
and interleave pattern shown in fig- 40 using the C2 correction codes.
Error correction section ure 3 the order of presentation is one in which
three even  C is a section where errors are corrected by interpolation data
words W[err], [err] are followed by the first error  based on adjacent even
data or odd data. Error correc- correction code [err] in turn followed by a
remainder three  tion sections C overlap as can be seen in figure 6. By
even words [err]. The last even data word [err]  conducting a fade-out of
the signal of the first tape, tape is followed by a second error correction
code [err]. After a  45 1, and a fade-in of the signal of the second tape,
tape 2, separation delay this code is followed by the first three  and
summing both signals, a "cross-fading" is performed odd words [err] and
[err]  a spacing interval and the  and by this means the reproduced signal
in the vicinity remainder three odd data words W7, [err] and [err]. The  of
the splice can be smoothed. The section over which remainder two error
correction codes [err], C3 are syn-    this cross-fading can be conducted
is determined by the chronous with the third odd data word [err] and the
sixth  50 data arrangement. As mentioned the interval between and last odd
data word W[err], respectively. It is noted that    the last even word and
the first odd word amounts to thespacing betweenthe
lastevenwordW[err]andthefirst    twelve blocks only in the arrangement
shown. odd data word [err] is twelve frames or 60 T            Specific
values of the parameters will now be men- Figure 5 shows a block diagram of
the encoder cir-    tioned. Thus, for a sampling frequency of 48 kHz and a
cuit 11 of the PCM recording and reproducing apparatus  55 frame
constituted of 10 x 2 and data words arranged on just described. This
comprises a memory 65, a memory  sixtracks, thefrequencyof one block
becomes 48/(10x6) control circuit 66 arranged to control operation of the
= 0.8 kHz. Accordingly the time interval of twelve blocks memory and
encoders 67 and 68for generating error de-  cross-fading is 12/0.8 = 15
milliseconds. Actually errors 3    5                 EP0395125B1
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time interval is truncated even further.             Fig. 4 is a diagram
showing an encoding and data In summary, in the conventional PCM recording
and  interleaving sequence for the pattern shown in the reproducing
apparatus described only twelve blocks can  previous figure; be taken as
the cross-fading section for accommodating  5  Fig. 5 is a block diagram
showing an encoder circuit hand cut editing. The apparatus described cannot
cope  of a conventional PCM recording and reproducing with a situation
where a longer cross-fading time is re-  apparatus; quired.
Fig. 6 is a diagram showing how signal can be repro- A different
arrangement of data words and error cor-  duced when handcut editing has
been performed; rection codes is disclosed in GB-A-2082356 (Reference  10
Fig. 7 is a diagram showing a time shift and inter- 2). As therein
disclosed the PCM data is arranged in the  leave pattern embodying the
present invention; and order of even data words, error correction codes,
and  Fig. 8 is a diagram showing an encoding and data odd data words. The
application of this arrangement to  interleaving sequence for obtaining the
pattern splice editing of PCM recorded tape is suggested. The  shown in the
preceding figure. PCM data sequence is divided into even data and odd  15
data sequences and separate error correction encoding  A description of a
preferred embodiment of the in- is provided with respect to each of these
sequences. One  vention now follows. This description is given by way of of
the data sequences is then delayed a predetermined  example only. time with
respect to the other data sequence. The dis-  In this preferred embodiment
the frame and block tance between adjacent odd words and the distance be-
20 construction adopted is that shown in and described with tween adjacent
even words is then increased by applying  reference to figure 2. the
disclosed technique to each sequence.            Figure 7 shows the time
shift and interleave patent The present invention is intended as a solution
to  of PCM data recorded on tape. In the arrangement the problems
aforesaidandas an alternativetothe meth-  shown two C2 inspection data,
i.e. error correction codes od, apparatus and formatted recording tape
disclosed in 25 [err] and [err] are arranged following all six of the
dispersed Reference 2. In particular it is intended to increase the  even
data words W[err], W2, ..., [err]. Each of the even data time interval over
which cross-fading can be performed  words and these two error correction
codes are spaced within a constraint of not increasing memory capacity.  by
four frame/block intervals each. After a delay of a fur- A method of pulse
code modulation (PCM) record-    ther twelve frame/block intervals error
correction code ing, a recording apparatus, a recording tape, and a re- 30
C[err] is followed by the first even data word W[err]. All six odd
producing apparatus each in accordance with the   data words followfrom
this point in time at equal intervals present invention are defined in
claims 1, 6, 12 and 14.  of four frame/block spacing. The remainder two
inspec- The preamble of each of these claims is directed to Ref-    tion
data, i.e. correction codes [err] and [err] also are de- erence 1.
layed and are coincident with the last but one and last of In the preferred
embodiment of the invention de- 35 the six odd data words, i.e. data words
W[err] and W[err]. It scribed below, the burst error correction ability is
not low-  will be noted that the spacing between the last even word ered
below that achieved in the arrangement described  W[err] and the first odd
word W[err] amounts to as many as in Reference 1.
20 frame/block intervals, i.e. 100 T. This it will be noted The above
defined method is applicable not only to    is a much increased period
available for cross-fading. a situation where the error correction codes
are separat- 40  The method of generating the data pattern of figure ed
into two equal numbers n1, n-n[err] but in general. The  7 will now be
described with reference to figure 8 which most advantage effects are
obtained when the first delay  shows the encoding and the data interleaving
sequence d[err] and the incremental interleave delay, third delay [err]  of
this embodiment. are related as follows: d[err] = (n-n[err]) x [err] with
the proviso  First even data words [err]) and that the second time shift
delay d2 and the incremental 45 odd data words ([err]) are separat-
interleave third delay d3 are unequal             ed by afirst delay of
d[err] which is applied alternately to the [err]
sequence of data words W[err] to W[err] In figure 7, the In the
accompanying drawings:                 antecedent odd data words, i.e.
those which precede each of the odd data words [err] Fig. 1 is a block
diagram showing a multi-track PCM  50 are denoted by dashes: W[err],
W[err]. Following recording and reproducing apparatus of conven-    this C2
encoding is conducted against the even data and tional construction;
the antecedent odd data and a number n, in this embod- Fig. 2 is a diagram
showing a frame/block construc-    iment n=4, of C2 inspection data, i.e.
error correction tion of a PCM recording and reproducing apparatus  codes
C[err] C[err], and 041 are generated. Sub- which is known and which is
employed in the pre- 55 sequently a further and second time delay [err] is
given to ferred embodiment;                            the delayed odd data
W[err] and a Fig. 3 is adiagram showing acocventional time shift
selected number (n-n[err]), in this embodiment two, of the and interleave
pattern for the arrangement of data  C2 inspection data, i.e. two
correction codes C[err] and 4    7                 EP 0 395 125 B1
8 [err]. Subsequently integer multiple increments of the in-  Even where
the subdivision of C2 inspection data i.e. ob- terleave and third delay
[err] integer multiples 0 to 7 as  ror correction codes is unequal similar
effects can be ob- 



shown in figure 8 to obtain the data arrangement shown  tained. Notably,
under the constraint of a constant mem- in figure 7. The pattern of data
interleaving is repeated  ory capacity, i.e. [err], optimum effects are
once every twelve data words. It is noted that the incre-  5  obtained when
the first time delay d[err] and the third time ment multiples of the
interleave delay d[err] applied increas-  delay d3 are related as follows:
es monotonically from 0 to 6 for each succession i of six  d[err] = (n
-n[err]) x d3. This is subject to the proviso that even data words W[err],
W[err] and  the suc-  the second and third time delays are unequal: cession
i of the alternate six delayed and further delayed  [err]. odd data words
W[err]. Incremented  10  By the way as the [err] error correction code a
Reed interleave delays of three [err] are applied to two of the  Solomon
code on a Galoia field (28) dealing with eight error correction codes [err]
and [err] and multiple incre-  bits as a unit (a symbol) is used. The codes
which are ment delays of seven [err] are applied to the remainder  adopted
in DAT (digital audio tape) text are equivalent two error correction codes
[err] and [err]. In this em-  ones to this Reed Solomon code. When the bit
number bodiment each word comprises 32 bits composed of 16  15 of one
symbol is increased the single processing ability bits from each two
channels. The sequence shown in fig-  of the error correction encoder and
decoder ate en- ure 8 is repeated 5 = 320/(2x16x2) times per frame be-
hanced, but adversely the size of the hardware is en- cause two words [err]
and W[err] are arranged on each  larged. When GF (210) is used instead of
GF (2[err]) the size track. As in the prior art sequence discussed above,
the  of the hardware becomes about four times larger, and post encoding
time shift delay, second time delay [err] and  20 this is impractical.
Accordingly, usually a code of eight the incremental interleave delay d3
have values 160 T  bits per symbol is used. However, the code interleaving
and 20 T. The pre-encoding time shift delay, first delay  must be conducted
at a word unit as described above, d[err] is of a different value, having
the value 40 T  and the relationship between the word and the symbol The
encoder circuit for obtaining such a modified  should be considered in
conducting the interleaving. data arrangement is obtained merely by
changing the  25  European Patent No. 0220033 pursuant to applica- memory
control circuit 66 of the encodercircuit 3 shown  tion No. 86307872.1, the
parent patent application here- in figure 5 and previously described. This
memory con-  of, concerns a pulse code modulated (PCM) data record- trol
circuit 66 is changed so that the time shift and inter-    ing apparatus in
which sampling frequency and frame leave delays of figure 8 are applied.
The memory capac-  frequency signals are derived from a common master ity
for storing the process data remains 61 blocks and  30 clock circuit. there
is therefore no need to change the memory 65 for one of larger memory
capacity. Furthermore the decoder circuit 34 can be easily obtained by
constituting a se-  Claims quence which is the reverse to that shown in
figure 8. The PCM recording and reproducing apparatus just 35 1. A method
of recording digital audio signals onto a described has the following
properties. That is, the burst  recording tape, in which method pulse code
modu- error correction ability amounts to sixteen block errors  lated (PCM)
data words are recorded onto a number as before. The cross fade period of
the  splice is in-  Tr of tape tracks and pulse code modulated error
creased to 20 blocks interval between the last even data  correction codes
are recorded onto a plurality of word W10 and the first odd data word
W[err], a notable im- 40  other tape tracks, which method comprises:
provement. For a sample frequency of 48 kHz this is an interval of 25
milliseconds and this is 1.7 times that ob-  applying alternately a first
time delay [err], tained previously by the conventional device.
to a succession of digital data words (W[err] to As is evident from the
foregoing description, the [err]   W[err] i = 0,1 ... ) to introduce a time
shift inspection data are separately arranged at equal inter- 45  between
even words ([err] vals (d[err]) in two groups, one group subsequent to all
six  i = 0, 1, ) and odd words ([err] even data words and the other group
subsequent to all     W[err] 1 = 0,1 ,.); six antecedent odd data words.
The odd data words are     encoding the even words ([err] spaced an optimum
distance apart from the even data       W[err] = 01, ..) and the delayed
odd words words. The implementing apparatus has no greater 50       ([err]
= 0, 1,.... ) to gener- memory capacity yet is capable of obtaining optimum
ate a plurality n of error correction codes (041 to burst error correction
and results in an increase in the  C[err] = 0; 1=1; ... ) for each
succession of 2 Tr interval available for cross-fading.
digital data words (W[err] to W[err] = 0; 1=1; ..); In the preferred
embodiment just described, the       applying a second and further time
delay d2 to number n[err] of the C2 inspection data arranged subse- 55
the delayed odd words ([err]) quent to all six even data words and the
number n -n[err]     W[err] = 0,1) to introduce a further time shift
arranged subsequent to all six antecedent odd data        between the even
words ([err], words are equal in number and d[err] is equal to twice d3.
W[err] = 0,1,..) and the odd words ([err] 5    7                 EP 0
395125 B1                   8 C   L   M   S * [err]. Subsequently integer
multiple increments of the in-  Even where the subdivision of C2 inspection
data i.e. er- terleave and third delay d3 integer multiples 0 to 7 as  ror
correction codes is unequal similar efects can be ob- 



shown in figure 8 to obtain the data arrangement shown  tained. Notably,
under the constraint of a constant mem- in figure 7. The pattern of data
interleaving is repeated  ory capacity, i.e. d[err] > (n-n[err]) x d[err],
optimum effects are once every twelve data words. It is noted that the
incre-  5  obtained when the first time delay d[err] and the third time
ment multiples of the interleave delay [err] applied increas-  delay d3 are
related as follows: es monotonically from 0 to 6 for each succession i of
six  [err] = (n -n[err]) x d3. This is subject to the proviso that even
data words W[err] and the suc-  the second and third time delays are
unequal: cession i of the alternate six delayed and furtherdelayed  [err].
odd data words [err]. Incremented  10  By the way as the C2 error
correction code a Reed interleave delays of three d3 are applied to two of
the  Solomon code on a Galoia field (28) dealing with eight error
correction codes C[err] and C[err] and multiple incre-  bits as a unit (a
symbol) is used. The codes which are ment delays of seven [err] are applied
to the remainder  adopted in DAT (digital audio tape) text are equivalent
two error correction codes C[err] and [err]. In this em-  ones to this Reed
Solomon code. When the bit number bodiment each word comprises 32 bits
composed of 16  15 of one symbol is increased the single processing ability
bits from each two channels. The sequence shown in fig-  of the error
correction encoder and decoder ate en- ure 8 is repeated 5 = 320/(2x1 6x2)
times per frame be-  hanced, but adversely the size of the hardware is en-
cause two words [err] and W[err] are arranged on each  larged. WhenGF
(21[err]) is used instead of GF (28) the size track. As in the prior art
sequence discussed above, the  of the hardware becomes about four times
larger, and post encoding time shift delay, second time delay [err] and  20
this is impractical. Accordingly, usually a code of eight the incremental
interleave delay [err] have values 160 T  bits per symbol is used. However,
the code interleaving and 20 T. The pre-encoding time shift delay, first
delay  must be conducted at a word unit as described above, d[err] is of a
different value, having the value 40 T.  and the relationship between the
word and the symbol The encoder circuit for obtaining such a modified
should be considered in conducting the interleaving. data arrangement is
obtained merely by changing the  25  European Patent No. 0220033 pursuant
to applica- memory control circuit 66 of the encoder circuit 3 shown  tion
No. 86307872.1, the parent patent application here- in figure 5 and
previously described. This memory con-  of, concerns a pulse code modulated
(PCM) data record- trol circuit 66 is changed so that the time shift and
inter-    ing apparatus in which sampling frequency and frame leave delays
of figure 8 are applied. The memory capac-  frequency signals are derived
from a common master ity for storing the process data remains 61 blocks and
30 clock circuit. there is therefore no need to change the memory 65 for
one of larger memory capacity. Furthermore the decoder circuit 34 can be
easily obtained by constituting a se-  Claims quence which is the reverse
to that shown in figure 8. The PCM recording and reproducing apparatus just
35 1. A method of recording digital audio signals onto a described has the
following properties. That is, the burst  recording tape, in which method
pulse code modu- error correction ability amounts to sixteen block errors
lated (POM) data words are recorded onto a number as before. The cross fade
period of the splice is in-  Tr of tape tracks and pulse code modulated
error creased to 20 blocks interval between the last even data  correction
codes are recorded onto a plurality of word W[err] and the first odd data
word W[err], a notable im- 40  other tape tracks, which method comprises:
provement. For a sample frequency of 48 kHz this is an interval of 25
milliseconds and this is 1.7 times that ob-  applying alternately a first
time delay d[err], d[err] [err], tained previously by the conventional
device.            to a succession of digital data words ([err] to As is
evident from the foregoing description, the C2  W[err] : i = 0,1,...) to
introduce a time shift inspection data are separately arranged at equal
inter- 45  between even words (W[err], W[err] vals (d[err]) in two groups,
one group subsequent to all six  i = 0, 1, ...) and odd words (W[err] even
data words and the other group subsequent to all     W[err] : 1 = 0,1,...);
six antecedent odd data words. The odd data words are     encoding the even
words ([err] spaced an optimum distance apart from the even data
[err]: i = 0, 1, ...) and the delayed odd words words. The implementing
apparatus has no greater 50       (W[err], W[err], W[err]: i = 0,1,...) to
gener- memory capacity yet is capable of obtaining optimum       ate a
plurality n of error correction codes ([err] to burst error correction and
results in an increase in the  C[err]: i = 0; i=1; ... ) for each
succession of 2 Tr interval available for cross-fading.
digital data words ([err] to W[err]: i =0; i=1; ..); In the preferred
embodiment just described, the       applying a second and further time
delay d2 to number n[err] of the C2 inspection data arranged subse- 55
the delayed odd words ([err] quent to all six even data words and the
number n -n[err]     W[err] :i = 0,1) to introduce afurthertime shift
arranged subsequent to all six antecedent odd data        between the even
words ([err] words are equal in number and d[err] is equal to twice d[err].
W[err]: i = 0,1,.) and the odd words ([err]    9                  EP 0
395125 B1                     10          c   L   M   S   * [err]
increase in memory capacity is required: d1 [err] applying a convolutional
interleave to the even       (n-n[err]) d[err]. words ([err]: i = 0,1,..)
and the same convolutional interleave to the odd   2. A method as claimed
in claim 1 wherein: 



words ([err]: i = 0,1,..) in  5 which convolutional interleave, respective
dif-       the first, second and third delays, d[err], [err] and [err]
ferent interleave delays are applied to respec-        respectively are
related as follows: tive even words ([err] i =0,1 .. ) and to respective
further delayed odd                         [err] words ([err] i= 0,1,..),
the  10                      [err]   [err] respective different interleave
delays differing by integer multiple increments of a third time  3. A
method as claimed in claim 2 wherein: delay d[err];
the number n  and therein: applying respective delays between the error
the number n[err], and the remainder number correction codes ([err] =
0,1,...) to  15  n-n[err] of error correction codes (C4[err] to C[err]:
i=0; introduce time shift and to effect interleave;    i=1; ...) are equal.
sharing each plurality Tr of interleaved even words ([err]= 0; i = 1; )  4
A method as claimed in claim 3 wherein n=4, n[err] = and each plurality Tr
of time-shifted and inter-   n-n[err] =2 and d[err] = 2d[err]. leaved odd
words ([err]5. A method as claimed in claim 4 wherein: i=0; i = 1; . .)
amongst Tr channels; sharing each plurality n of interleaved error cor-
Tr=6; d[err] = 40[T]; d2 = 160[T[err]; & [err] = 20 [err]; rection codes
amongst a plurality of other chan-   where T is the period of the
convolutional interleave nels; pulse code modulating and amplifying the  25
which is performed for each succession 2Tr=12 of words ([err]. ; [err] : i
= 0,1, . ) in  consecutive data words ([err] to [err] =0; each of the Tr
channels, and the codes ([err],      i=i,..). [err]i = 0, 1,..) in each
other  6. Recording apparatus for recording digital audio sig- channel; and
6    Recording apparatis for recording the modulated and amplified words
30    nals onto a recording tape and by which means recording the modulated
and amplified words  30 pulse code modulated (PCM) data words can be [err]
=0,1,...) and codes  recorded onto a number of tape tracks and pulse
(C[err], C[err]; C[err], C[err]: i =0, 1....) together with recorded onto a
number recorded onto a number of tape tracks and synchronisation and
control signals and error      code modulated (PCM) error correction codes
can synchronisation and control signal, and errors   be recorded onto a
plurality of other tape tracks, detection codes frame-by-frame, on
respective      which apparatus comprises: and corresponding ones of the Tr
Tape tracks  35   which apparatus comprises: and the other tape tracks;
which method is characterised in that:                first time delay
means (65,66) for applying after- the convolutional interleave applied to
the even       nately a first time delay d[err], d[err] [err], to a succes-
words ([err]:  = 0; 1; -) and   sion of digital data words (W[err] to
W[err] the  further delayed  odd  words  ([err], 40         0,1 ...) to
introduce a time shift between even [err]: i=;0 1; ... )andtherespec-
words([err]) and tive delays applied to the error correction codes     odd
words ([err]: i = ([err] = 0;1; ... ) are such that the PCM   encoding
0,1,.. ); data words ([err] to [err]: i = 0; 1; ... ) and       timenoding
means (68), responsive t o said first error correction codes (C[err] to
C[err]: i = 0, 1;) are  45  time delay means, for encoding the even words
arranged in aconsecutive orderof Tr respective        (W[err], W[err],  --,
[err]: i = 0, 1, ...) and the even words ([err]), an inte-       delayed
odd  words  ([err] ger number n[err] : [err]   n[err] < n of each
respective         W[err] i = 0,1,...) to generate a plurality n of
plurality n of the error correction codes ([err] to     error correction
codes ([err] to [err]: i = 0; [err] = 1 Tr antecedent odd words  50    i=1;
...) for each succession of 2 Tr digital data ([err]) which precede
words ([err] : i = 0; i=1; ..); each respective one of said respective Tr
odd         second time delay means (65,66), responsive words ([err])by
said first         to said first time delay means (65,66) for apply- time
delay d[err], and the remainder number n-n[err],         ing a second and
further time delay d2 to the of each respective plurality n of said error
cor- 55  delayed  odd  words  ([err], rection codes [err]to [err] = 0; i =
1; ... ) at   [err]: i = 0,1) to introduce afurthertime shift delays which
differ by one unit increment of said      between the even words [err]
third time delay d[err] under a constraint that no        [err] = 0,1,..)
and the odd words ([err], 6    11                 EP 0 395125 B 1
12           C   L   M   S [err]: i = 0,1,..);                  are
operable to apply delays d[err] & d2 respectively interleave means (65,66),
responsive to said     and the interleave means (65,66) is operable to
second time delay means, for applying a con-     apply consecutive delays
differing by one unit incre- 



volutional interleave to the even words ([err],   ment of the third delay
[err], which delays [err], d[err], d3 [err]10: i = 0,1,. ) and the same
con-  5  are related as follows: volutional interleave to the odd words
([err],                   [err] [err] :1 = 0,1, ..) in which convolu-
[err] tional interleave, respective different interleave
[err] delays are applied to respective even words ([err]: i =0,1 ... ) and
to  10 respective further delayed odd words ([err],  8. Recording apparatus
as claimed in claim 7 wherein [err] i = 0,1, ... ), the respective dif-
said error correction code delay means (65,66) is ferent interleave delays
differing by integer mul-  operable to apply respective delays such that
tiple increments of a third time delay d[err];       number n[err] and
remainder number n-n[err] of each error correction code delay means (65,66)
15    number n of the error correction codes ([err] to [err]; responsive to
said encoding means (68) for      i=0; i=1;   ) are equal. applying
respective delays between the error correction codes ([err] to [err]: i =
0,1, .... ) to  9. Recording apparatus as claimed in claim 8 wherein
introduce time shift and to effect interleave;   n=4, n[err] track-sharing
means (12) connected to said  20 interleave means and said error correction
code  10. Recording apparatus as claimed in claim 9 wherein delay means
(65,66) for sharing each plurality   Tr=6; d[err] = 40[err]There T Tr of
interleaved even words ([err] -    is the period of the convolutional
interleave which is [err] i = 0; i = 1; ..) and each plurality Tr of
performed for each succession 2Tr=12 of consecu- time-shifted and
interleaved odd words ([err], 25  tive data words (W21 to [err] : i=O; i=l;
..). [err]i = 0; i = 1;..) amongst Tr channels and for sharing each plu-
11. Recording apparatus as claimed in any one of the rality n of
interleaved error correction codes   preceding claims 6 to 10 wherein:
amongst a plurality of other channels; and           said first and second
time delay means, said a plurality Tr channels and other channels, con- 30
interleave means, and said error correction code nected to said
track-sharing means (12) each     delay means, consist in a memory (65) and
a mem- including PCM  modulation means (13-15),         ory control (66)
arranged to control said memory amplification means (16-18) and a recording
(65). head (19-21); which apparatus is characterised in that:  35 12. A
recording tape having a plurality Tr of tracks on said first time delay
means (65,66), said inter-  which are recorded PCM data words (W121 to
leave means (65,66) and said error correction    [err] : i = 0,1,..)
representing digital audio signals code means (65,66) are adapted such that
the     and a plurality of other tracks on which are recorded PCM data
words ([err] to [err] : i = 0; 1;...)   PCM error correction codes,
([err]..) and error correction codes (C[err] to [err]: i = 0; 1;) 40 are
arranged in a consecutive order of Tr           wherein on each track
respective pluralities of respective    even     words      ([err],
the PCM data words ([err] to [err] : i=0, 1,..) [err]), an integer number
n[err] : [err]      and the PCM error correction codes ([err] to < n of
each respective pluralityn of the errorcor-  [err]: i=0, 1,..) are preceded
by respective syn- rection codes ([err] to [err]: i = 0; i = 1; ..), Tr 45
chronisation and control signals and followed by antecedent    odd    words
([err],              respective error detection codes and constitute [err])
which precede each respec-      respective frames, in which frames PCM data
tive one of said respective Trodd words ([err],    words (W121 to [err]:
i=0,1,..) and PCM cor- [err])bysaidfirsttimedelayd[err],and       rection
codes [err] to [err]: i=0,1,..) are dis- the remainder number n-n, of each
respective  50    persed in accordance with an interleave pattem, plurality
n of said error correction codes ([err] to  characterised in that: [err]: i
= 0; i = 1; ... ) at delays which differ by  said PCM data words ([err] to
[err]: i = 0; i one unit increment of said third time delay [err]      = 1;
..) and PCM correction codes ([err] to [err]: under a constraint that no
increase in memory       i = 0; i = 1; ...) are dispersed in accordance
with capacity is required: [err]   55         an interleave pattern in
which they are arranged in a consecutive order of Tr respective even 7.
Recording apparatus as claimed in claim 6 wherein:       words ([err]), an
integer the first and second time delay means (65,66)      number n[err]: 0
[err]< n of each respective plu- 7    13                 EP0395125B1
14      I     c   L I    1 rality n of the error correction codes (C4 to
zeichnet werden, wobei dieses Verfahren aufweist: C4143: I = 0; i = 1; ..),
Tr antecedent odd words (W121,1, W12.3, ..-W1121+11) which precede
abwachselndes Anlegen einer ersten Zeitver- each respective one of said
respective Tr odd       zogerung d1, d1 *0, an eine Folge von digitalen 



words (Wl2.1, W121.38 ..-W1121.W11) by said first  5  Datenwortern (W121
bis W12111 : I = 0 1 *    ) um time delay dj, and the remainder number n-n,
sine Zeitverschiebung zwischen geraden WMr- of each respective plurality n
of said error cor-   tem (W12, W121..2, .., W12.10: i = 0, 1, -.) und
rection codes (04i to Q41+3: i = 0; i = 1; ... ) at  ungeraden Wortem
(Wm+1, W1121.13, .- W12k11: delays which differ by one unit increment of
said   i = 0, 1....) einzufOgen; third time delay d3 under a constraint
that no  10  Codieren der geraden Worter (W121, W12k2,..., increase In
memory capacity is required: d1 >       W12+10: i = 0, 1, ...) und der
verzogerten unge- (n-n1) d.                                           radon
Worter      1 W121.+39...., W121+11: i = 0,1 ...), um eine Mehrzahl n von
Fehlerkorrek- 13. A recording tape as claimed in claim 12 having 8
turmodes (C4 bis C4i+0 : I = 0; i=1; ... ) fOr jede tracks (1-8), on 6
(2-6) of which are recorded the  15  Folge von 2 Tr digitalen Datenwbrtem
(W121 bis PCM data words (W121 to W12141 : i=0,1 ,..) and on 2    W1211 : i
= 0; =1;..) zu erzeugen; (1,8) of which are recorded the PCM error
correction    Anlegen einer zweiten und weiteren Zeitverzo- codes, (C4i to
C4i+3: i=0, 1,..) wherein                gerung d2 an die verz6gerten
ungeraden Worter (W121+1, W121+3 ... W126111 :i = 01), um  ine each of 6
even PCM  data words (W121, 20            weitere Zeitverschiebung zwischen
den gera- W1 21+2- - W121+110: i=0; i=1; ..) are recorded on  den Wortem
(W1 21, W121+2, .., - W1 2+10: i = 0 1 ... ) the second to seventh tracks
(2-7) at intervals     und den ungeraden W6rtem (WI21W1, WI 21.+3 of 4
frames starting from each zeroth frame;        W12k11: i = 0,1,..)
einzufOgen; two error correction codes (041+, C41+1: i=;        Anwenden
einer Faltungsschachtelung an den 1=1;..) for each of four error correction
codes  25  geraden Wortern (W121, W121+2, - W12+10: i = (C41 to Q41+3:
i=oji=1;..) encoded for 6 even and   0,1,...) und der gleichen
Faltungsechachtelung 6 odd PCM data words (W12 to W126111:               an
den ungeraden Wortern (W121.1 W12, 3, - i=0,i=1;..) are recorded on the
first and eighth    W121,11 : i = 0,1..-), wobei bei dieser Faltungs-
tracks (1,8) at intervals of four frames following  schachtelung
jeweilige   unterschiedliche each last even word (W121+10: i=0;i=1; ..);
30     Schachtelungsverzogerungenandiejeweiligen each 6 odd PCM data words
(W121+1, W121.+3,         geraden Worter (W12i, W12.H2, - W12+10: i =
WI2k+1 : i=O; =1; ..) are recorded on the fifth to  0,1,..) und an die
jeweiligen weiterverzogerten seventhtracks(5-7)andsecondtofourthtracks
ungeraden Wbrter (WA21, W124+3, ..,W121+11: (2-4) at intervals of four
frames starting from     i=0 1,... ) angelegt werden, wobei sich die jewei-
each fortieth frame; and                 35         ligen unterschiedlichen
Schachtelungsverzo- two remaining error correction codes (46+2,
gerungen um ganzzahlenvielfache Inkremente C41: i=0;i=11;..) for each of
four codes (041 to    einer dritten Zeitverzdgerung d3 unterscheiden;
C4k.3: i=O; =1;..) are recorded on the first and    Anlegen jeweiliger
Verzbgerungen zwischen eighth tracks (1,8) at intervals of four frames
den Fehlsrkorrekturcodes (04w bis C4.FI3: I = ending at the sixtieth frame.
40         0,1 ...), um esine Zeitverschiebung einzuf~gen und eine
Schachtelung zu bewirken; 14. A pulse coded modulated data reproducing
appara-       Aufteilen jeder Mehrzahl Tr von geschachtelten tus suitable
for producing analogue signal from the     geraden Wortem (W121, W12i+2
W12+10: i = 0; i recording tape claimed in claims 12or 13, said appa-    =
1; ..) und jeder Mehrzahl Tr von zeitverscho- ratus comprising a decoder
(34) operable to perform  46  benen und geschachtelten ungeraden W6rtem a
sequence of operations that is the reverse of the     (WI2+1, W121..2
W121+110 i = 0; i = 1; ..) zwischen sequence of operations of applying time
delays,         Tr Kanalen; encoding, and interleaving specified in claim
1.        Aufteilen jeder Mehrzahl n von geschachtelten
Fehlerkorrekturcodes zwischen einer Mehrzahl so         von anderen
Kanilen; Patentansprfrche
Pulscodemodulieren undVerstfirken der Worter (W121; W1121+1; ... ; WI2.11:
i = 0, 1, ..) in jedemn der 1. Verfahren zum Autzeichnen digitaler
Audiosignale         Tr Kanale und der Codes (04, 041+2; 041+1; auf ein
Aufzeichnungsband, wobei be! diesem Ver-        04j+3;: i = 0 1, ..) in
jedem anderen Kanal; und fahren pulscodemodulierte (PCM) Datenworter auf 55
Aufzeichnsn der modulierten und verstirkten eine Anzahl Tr von Bandspuren
aufgezeichnet wer-        Worter (W121; Wl2kl; ...; W12.,11: i = 0,1,...)
und den und pulscodemodulierte Fehlerkorrekturcodes         Codes (C41,
Q41+2; Q41+61 C4+83;: i = 0,1,..) auf sine Mehrzahl von anderen Bandspuren
aufge-         zusammen mit Synchronisations- und Steuersi-    4  15
EP 0 395125 B1                   16    IIc   L   M   S gnalen  und
Fehlererfassungscodes  Rah-         ler Audiosignale auf ein
Aufzeichnungsband, wobel men-um-Rahmen auf jeweilige und entspre-
mit dieser Einrichtung pulscodemodulierte (PCM) chende der Tr Bandspuren
und der anderen         Datenworter auf Bine Anzahl von Bandspuren auf-
Bandspuren;                                      gezeichnetwerden konnen
und pulscodemodulierte wobei dieses Verfahren dadurch gekennzeich-  5
(PCM) Fehlerkorrekturcodes auf sine Mehrzahl von net ist, daB:
anderen Bandspuren aufgezeichnet worden kon- 



die Faltungsschachtelung, die an den geraden     non, wobei diese
Vorrichtung aufweist: Wortern (W121, W121+2...2, W121.10: i = 0; 1; ..) und
don wefterverzogerten ungeraden Wdrtern         sine erste
Zeotverzogerungseinrichtung (65,66) (W121.1, W121.1, , W121.11: i = 0; 1;
...) ange-  10  dieabwechselnd sine erste ZeRverzdgerung d1, wendetwird,
und die jeweiligen Verzogerungen,       d1 e0, an sine Folgevon digitalen
Datenwortem die an die Fehlerkorrekturcodes (C41 bis C41,3:     (W12j bis
W12ik11: i = 0,1,...) anlegt, um sine i = 0;1; ... ) angelegt werden, so
sind, daB die     Zoitverschiebung zwischen geraden Wbrtem PCM-Datenwbrter
(WI21, .W126,11: i = 0; 1; ...)     (W121, W1212, .W12,10: i=0, 1, ...) und
ungs- und Fehlerkorrekturcodes (C41 bis C4k.3: I =  15    radon Wrtem
(Wl2k1, W121.3, -. Wl2k11: i= 0;1;) in einer aufeinanderfolgenden Reihon-
0,1,... ) einzuffgen; folge von Tr jeweiligen geraden Wortem (W12i,
sine Codiereinrichtung (68), die auf die erste W121,2 ..W121.+210), einer
ganzzahligen Anzahl      Zeitverzbgerungsoinrichtung reagiert und die n,: 0
s n1 c n von jedoerjeweiligen Mehrzahl der    geraden W6rter (W121, W121.2,
*--, W12k10: i = Fehlerkorrekturcodes (C41 bis C41+3: i = 0; i =  20  0, 1,
...) und die verz6gorten ungeraden W6rter 1; ..), Tr vorherigen ungeraden
Wortern             (W121+1  W121+3,-...., W121,11: i = 0,1, .... )
codiert, (W121+1, W12J+3, ..W'12k111), welche jedemrn        um sine
Mehrzahl n von Fohlerkorrekturcodes jeweiligen der jeweiligen Tr ungeraden
Worter        (C4j bis C4,+3: i = 0; 1=1; ...) fOr lode Folge von (W12h1,.
W121+3, ..W12i+1l) um die erste Zeitver-   2 Tr digilalen Datenwortern
(W121 bis W121+,11: z6gerung d1 vorhergehen, und der restlichen  25     =
0, O1Hl; ..) zu erzeugen; Anzahl n-n1 von jeder joweiligen Mehrzahl n von
sine  zweite  Zeitverzogerungseinrichtung Fehlerkorrekturcodes (C41 bis
C4kS: i = 0; i =      (65,66) die auf die ersto Zeitverzogerungsein- 1;
...) mit Verzogerungen, welche sich um ein       richtung (65,66) reagiert
und die sine zweite Einheitsinkrement der dritten Zeitverzogerung       und
weitere Zoitvsrzogerung d2 an die verzo- 43 unterscheiden, unter einer
Bedingung ange- 30    gorten ungeraden Worter (W126,1, W121+3., -- ordnet
sind, daB koine Erhohung der Speicher-       W121+11 : i = 0,1,) anlegt, um
sine weitero Zeit- kapazitat benotigt wirdc: d1 > (n-n1) d3.
verschiebung zwischen den geraden Wortern (W12I, W12k+2, -. W121+10: i .=
0,1,..) und don 2. Verfahren nach Anspruch 1, bei dem:
ungeraden  W6rtnrn                   geWrr, W12613, die ersten, zweiten und
dritten Verzogerungen  3S  Wl2k11 : i = 0,1,..) einzufflgen; d1, d2 bzw. d3
wie folgt verknfpft sind:                sine Schachtelungseinrichtung
(65,66), die auf di = (n-nl) d3;                     die zweite
Zeitverzdgerungseinrichtung rea- giert und die sine Faltungsschachtelung an
den d2 3* d~                            geraden Wortem (W121, WI21.+2, -.,
W12+10: i = 3.                  40         0,1,..) und die gloiche
Faltungsschachtelung an den ungeraden Wortern (W121+1, W121+3, - 3.
Verfahron nach Anspruch 2, bei dem:                      W121+11 : i =
0,1,...) anwendet, wobei bei dieser dieAnzahl n1 unddie restlicheAnzahl
n-n1 von       Faltungsschachtelung jeweilige unterschiedli-
Fehlorkorrekturcodes (C41 bis C41+3: i=0; H=1; ... )    che
Schachtelungsverzbgerungen an die jewei- gleich sind.
46        ligen geraden W6rter (W121, W121+2, .....2.., +10 i = 0,1,..) und
die jeweiligen weiterverzogerten 4. Verfahren nach Anspruch 3, bei dem n=4,
n1 = n-n1        ungeraden Worter (W2,1+, W121+8 ..,W1i+2 11: i = 2 und d1
= 2d3 ist.                                   = 0,1 .. ) angelegt werden,
wobei sich diese jeweiligen unterschiedlichen Schachtelungs- 5. Verfahren
nach Anspruch 4, bei dem:           60         verzbgerungen um
ganzzahlonvielfache Inkre- mente einer dritten Zeitverzogerung d3 unter-
Tr=6; d1 = 40[m; d2 = 1 SO[T]; & d3 = 20 [T] ist;   scheiden; wobei T die
Periods der Faftungsschachtelung        sine
Fehlerkorrekturcode-Vsrzogerungsein- ist, welche fOr jede Folge 2Tr = 12
von aufein-     richtung (65,66), die auf die Codiereinrichtung
anderfolgenden  Datenwortem  (W121  bis  55         (68) reagiert und die
jeweilige Verzogerungen W1211 z:1=0; i=1;..) durchgef~hrt wird.
zwischen den Fehlerkorrekturcodes (C4; bis C4S3: i = 0,1;...) anlegt, um
esine Zeitverschie- 6. Aufzeichnungsvorrichtung zurn Aufzeichnsn digita-
bung einzufOgen und sine Schachtelung zu 9    17                EP 0 395
125 B1                   18       I I!I8II  IIII III 11111 H I! * c   L   M
S * bewirken; sine Spurauteilungseinrichtung (12), die an die
2 # 3. Schachtelungseinrichtung und die Fehlerkor-
rekturcode-Verzogerungseinrichtung  (65,66)  8. Aufzeichnungsvorrichtung
nach Anspruch 7, bei der angeschlossen ist, die jede Mehrzahl Tr von  5
die Fehlerkorrekturcode-Verz6gerungseinrichtung geschachtelten  geraden
Wrtsem  (W12i,         (65,66) so betrieben wird, daB sie jeweilige Verz6- 



W1212, *-.W1210 i=O; i= 1; ..) undjedeMehr-     gerungen so anlegt, daB
esine Anzahl n1 und eine zahl Trvon zeitverschobenen und geschachtel-
restliche Anzahl n-ni jeder Anzahl n der Fehlerkor- ten ungeraden Wortern
(W121.1, W12k2, .         rekturcodes (C41 bis C4+3: 1=0; i1;.) gleich
sind. W12h.2, .-, W12110: i = 0; i = 1;..) zwischen Tr  10 Kanalen aufteilt
und die jede Mehrzahl n von  9. Aufzeichnungsvorrichtung nach Anspruch 8,
bei der geschachtelten Fehlerkorrekturcodeszwischen     n=4, n1 = n-nl =2
und d1 = 2d4 ist. einer Mehrzahl von anderen Kanalen aufteilt; und
10. Aufzeichnungsvorrichtung nach Anspruch 9, bei der eine Mehrzahl Tr
Kanale und andere KanAle,  I5  Tr=6; d1 = 40[Tj; d2 = 1 60[T]; & d3 = 20
[T] ist; wobei die an Spuraufteilungseinrichtungen (12) ange-  T die
Periode der Faftungsschachtelung ist, welche schlossen  sind, von  denen
jede  eine         fOr jede Folge 2Tr=12 von aufeinanderfolgenden
PCM-Modulationseinrichtung (13-15), sine Ver-   Datenwortern (W21 bis
W121j11: :1=0; 1=1;..) durchge- starkungseinrichtung (16-18) und einen
Aufzei-  fflhrt wird. chungskopf (19-21) beinhaltet;           20 wobei
diese Vorrlchtung dadurch gakennzeich-  11. Aufzeichnungsvorrichtung nach
einem der vorher- net ist, daB:                                   gehenden
Anspruche 6 bis 10, bei der: die erste Verzogerungseinrichtung (65,66), die
Schachtelungseinrichtung (65,66) und die Feh-       die erste und zweite
Zeitverzdgerungseinrich- lerkorrekturcodeeinrichtung (65,66) so ange- 25
tung, die Schachtelungseinrichtung und die ordnet sind, daB die
PCM-Datenworter (W121          Fehlsrkorrekturcods-Verzogerungseinrichtung
bis W12j.11: i = 0; 1; ... ) und Fehlerkorrekturco-  aus einem Speicher
(65) und einer Speichers- des (041 bis C4I.9: i = 0;1;) in einer
aufeinander-  teuerung (66) bestehen, die angeordnet ist, um folgenden
Reihenfolge von Tr jeweiligen gera-       den Speicher (65) zu steuem. den
W6rtern (W12I, W12f2,   20..W2lo), einer 30 ganzzahligen Anzahl n1: 0  n1 <
n jeder jewei-  12. Aufzeichnungsband, das eine Mehrzahl Tr von Spu- ligen
Mehrzahl n der Fehlerkorrekturcodes (C41  ren, auf weiche PCM-Datenworter
(W2i bis W121.11: bis C4i+3: i = 0; i = 1; ..), Tr vorherigen ungera-  i =
0,1,..) aufgezeichnet werden, die digitale Audio- den Wortem (W12M1,
Wl12k3, ..W'121+11), wel-    signals darstellen, und sine Mehrzahl von
anderen che jedem jeweiligen der jeweiligen Tr ungera- 35  Spuren aufweist,
auf welche PCM-Fehlerkorrektur- den W6rter (W12N1, W12k+3, .-W12k+11) um
die    codes (C4w bis C41+3: i =0,1 ... ) aufgezeichnet wer- erste
Zentverzogerung d1 vorhergehen, und der   den, restlichen Anzahl n-n von
jeder jeweiligen Mehr- zahl n von Fehlerkorrekturcodes (C41 bis C4k+3:
bei dern auf jeder Spur jeweilige Mehrzahlen i = 0; i = 1; ... ) mit
Verzbgerungen, welche sich  40  der PCM-Datenwwrter (W21 bis W12k1 :
i=0,1,..) um ein Einheitsinkrement der dritten Zeitverzb-     und der
PCM-Fehlerkorrekturcodes (C4i bis gerung d3 unterscheiden, unter einer
Bedin-         C4i+3: i =0,1 ... ) von jeweiligen Synchronisati- gung
angeordnet sind, daB keine Erhohung der        ons- und Steuersignalen
vorangegangen wer- Speicherkapazitat benotigt wird : d1 > (n-n1) d3.   den
und von jeweiligen Fehlererfassungscodes 46        gefolgI werden und
jeweilige Rahmen bilden, 7. Aufzeichnungsvorrichtung nach Anspruch 6, bei
wobei in diesen Rahmen PCM-Datenworter der:
(W21 bis W12+14: 1 = 0,1 ... ) und PCM-Korrektur- die erste und zweite
Zeitverzbgerungseinrich-     codes (041 bis C41+3: i=0,1,..) in
Obereinstim- tung (65,66) so betrieben werden, daB sie Verzoge-     mung
mit einem Schachtelungsmuster verteilt rungen d1 bzw. d2 anlegen und die
Schachtelungs- 50    sind, elnrichtung (65,66) so betrieben wird, daB sie
auf-    dadurch gekennzeichnet, daB: einanderfolgende Verzogerungen anlegt,
die sich        die PCM-Datenworter (W21 bis W121+11: i = 0; i um ein
Einheitsinkrement der dritten Verzogerung       =1; ..) und
PCM-Korrekturcodes (C41 bis C41+3: d3 unterscheiden, wobei die
Verzogerungen d1, d2,      i = 0; i = 1; ...) in Obereinstimmung mit einem
d3 wie folgt verknflpft sind:               55         Schachtelungsmuster
verteilt sind, in welchern d, = (n-n1) d.;                  sie in einer
aufeinanderfolgenden Reihenfolge von Tr jeweiligen geraden Wortem  (W121,
W121+2,. W,2t+10), einer ganzzahligen Anzahl 10    19                 EP 0
395 125 B1                  20 n  0s n1 < n von jeder jewelligen Mshrzahl n
Revendloatbons                                 S   * der
Fehlerkorrekturcodes (C41 bis C41,3: 1 = 0; i = 1; ..), Tr vorherigen
ungeraden Wortern    1. Procd6 d'enregistrement de signaux audio nume-
(W121+1, W'121+3, ...W'121+11), welbhe jedem     riques sur une bande
d'enregistroment, dans lequel jeweiligen der jeweiligen Tr ungeraden Wbrter
5  procedd des mots de donnees a modulation par (W121+1, W121+3, ..Wt1t.,,)
um die erste Zeitver-  impulsions codees (PCM) sont enregistres eur un
zogerung d1 vorhergehen, und der restlichen      nombre Tr de pistes de
bands et des codes de cor- 



Anzahl n-n von jeder jeweiligen Mehrzahl n von   rection doerreur A
modulation par impulsion cod6e Fehlerkorrekiurcodes (041 bie C4kS: i = 0; i
=   sont enregistres sur un certain nombre d'autres pis- 1; ...) mit
Verzogerungen, welche sich um sin  10    tes de bands, loquel procede
comprend: Einheitsinkrement der dritten Zeitverzogerung d3 unterscheiden,
unter einer Bedingung ange-       appliquer afternativement un premier
retard de ordnet sind, daB keine Erhohung der Speicher-       temps d1, d1
*0, a une succession de mots de kapazit tbenbtigt wird: d1 > (n-n1) d3.
donnees num6riques (W121 a W121+11: i = 15        0,1 ....) pour introduire
un decalage de temps 13. Aufzeichnungsband nach Anspruch 12, das 8 Spu-
entre des mots pairs (W121, W121+2, ..,W121+10: ren (1-8) aufweist, wobei
auf 6 (2-6) von ihnen        i= 0, 1, ...) et des mots impairs (W121+1,
PCM-Datenworter (W121 bis W121+1: 1=0,1,..) aufge-      W121+3, ..-W121+11:
i = 0.1, ... ); zeichnet worden und auf 2 (1,8) von ihnen die
encoder les mots pairs (W12i, W121+21..., PCM-Fehlerkorrekturcodes (041 bis
CA+.g: i=0,1,..) 20   W121+10: i =0, 1, ...) et les mots impairs retardes
aufgazeichnetwerden, bei dem                            (W121+1, W121.-,g,
W12f11 i=0,1, .... )pourpro- duire un certain nombre n de codes de correc-
alle 6  geraden  PCM-Datenworter (W12,,             tion d'erreurs (041 &
C41+3: i = 0; 1=1; ... ) pour W1962 ---W1212.,10: i=0; i=1; ..) mit
Intervallen   chaque succession de 2 Tr mots de donn~es von 4 Rahmen, die
an jedem nullten Rahmen  25       numeriques (W121 A W121+11 : i = 0; i=1;
..); beginnen, auf die zweiten bie siebten Spuren        appliquer un
second et autre retard de temps d2 (2-7) aufgezeichnet worden;
aux mots impairs retard6s (W1261, W121+3, zwei Fehlorkorrekturcodes (041+3,
041+1: i=0;       W12+11 : i = 0,1) pour introduire un autre d6ca- i=1;..)
von alien vier Fehlorkorrekturcodes (C41    lago de temps entre les mots
pairs (W121, bis C4k3: i=o,i=1;..), die fOr 6 gerade und 6  30   W12+2, ..
,W121+10: i = 0,1 ... et lee mots impairs ungerade PCM-Datenworter (W12,
bis Wl2kll:          (W12141, W12,+3, .., W121411 i = 0,1,..); i=0,i=1;..)
codiert werden, mit Intervallen von     appliquer un entrelacement
convolutionnel aux vier Rahmen, die jedem letzten geraden Wort         mots
pairs (W121, W12k2, .., W2k+10: i = 0,1 ... ) (W121+10: i=0;i=1l;..)
folgen, auf die ersten und  e t le meme entrelacement convolutionnel aux
achten Spuren (1,8) aufgezeichnet werden;    35     mots impairs (W1261,
W121+3..,  W126111: i = alle 6 ungeraden PCM-Datenworter (W121+1,
0,1,..) dans loquel entrelacement convolution- W126+3, W12.+11: i=0; 1=1;
..) mit Intervallen von  nel, des retards d'entrelacement diff6rents res-
vier Rahmen, die an jedem vierten Rtahmen           pectifs sont appliques
A des mots pairs respec- beginnen, auf die fOnften bis siebten Spuren
tifs (W121, Wl2k2, .., W121+10: 1 =0,1,..) et A (5-7) und zweiten bis
vierten Spuren (2-4) auf- 40  d'autres mots impairs retard6s respectifs
gozoichnet werden; und                              (W121, W121+3, .,
W126111: i = 0,1, .. ), les zwei restliche Fohlerkorrekturcodes (041+2,
C41:    retards d'entrelacementdifflrents respectife dif- 1=0;i=1;..) von
alien vier Codes (041 bis C4W3:     ferant d'increments multiples entiers
d'un troi- 1=0; =1;..) mit Intervallen von vier Rahmen, die   sieme retard
de temps d3; an dem secheten Rahmen enden, auf die ersten  45    appliquer
des retards respectifs entre lee codes und achten Spuren (1 ,8)
aufgazoichnet werden.      de correction d'erreurs (041 a C41+3: i =
0,1,...) pour introduire un decalage de temps et effec- 14.
Wiedergabevorrichtung  fOr puiscodemodulierte          tuer I
'entrelacement; Daten, die zum Erzougen eines Analogsignals von
partager chaque pluralite Tr de mots pairs dem Aufzeichnungsband nach
Anspruch 12 oder 13  50      entrelac6s (W121, W1 21+2' - W126,10: i = 0; i
= geeignet let, wobei die Vorrichtung einen Decodierer    1; ..) et chaque
pluralit4 Tr de mots impairs (34) aufweist, der so betriebon wird, daB or
emne       decal6es dans le temps et entrelac6s (W12+1, Betriebsfolge
durchffhrt, die die umgekehrte der Im     W122, .. W121.10: i = 0; i = 1;
..) parmi Tr Anspruch 1 spezifizierten Betriebefolge eines Anle-
canaux; gens von Zeitverzogerungen, sines Codierens und  55     partager
chaque pluralit6 n de codes de correc- einer Schachtelung let.
tion d'errsur entrelaces parmi une pluraIte d'autres canaux; moduler par
impulsions codees et amplifier les    21                 EP 0 396125 B1
22         *c    L   I mots (W121; W1 21+1;.... W12111:1=0,1, .) dans
Tr=6; d1 = 40jT]; d2 = 160[Tl; & d3 = 20 [TJ; chacun des Tr canaux, et lee
codes (04j, C41+2;     oO T est la pdriode de I'entrelacement convolu-
C41+1; C41+3: i = 0,1, ..) dans chaque autre        tionnel qui est
accompli pour chaque succes- canal; et
sion 2Tr=12 de mots de donnees consecutifs enregistrer lee mots modules at
amplifies (W12;  5  (W1iaW12i11 : 1=0; 1=1;..). W121.1; ... A 21.11: i = 0,
1,... ) et des codes (04j, C41+2; C411, C41+3: i =0,1, .... ) ensemble avec
6. Dispositif d'enregistrement pour enregistrer des des signaux de
synchronieation et de controle    signaux audio numdriques sur une bande
d'enregis- et des codes de detection d'arreur trame par    trement et au
moyen duquel des mots de donnees 



trame, sur certaines respectives et correspon-  10  A modulation par
impulsions coddees (PCM) peuvent dantes des Tr pistes de bande et des
autres pis-  Otre enregistres sur un nombre de pietes de bande tes de
bande;                                    at des codes de correction
d'erreur a modulation par loqusl procedd est caractdrise en ce qus:
impulsions coddes (PCM) peuvent etre enregistres rentrelacement
convolutionnel applique aux       sur un certain nombre d'autres pistes de
bande, mots pairs (W121, W121+2, ... , W121+10: i=0; 1; ..)  15    loqual
dispositif comprend: et autres mots impairs' retardds (W121+1, W121+1, -,
W121+11 : i =0;1; ... ) et lee retards res-  un premier moyen de retard de
temps (65, 66) pectifs appliques aux codes de correction           pour
appliquer altemativement un premier d'arrsur (C4j a C4A+3: i = 0;1; ... )
sont tals qua  retard de temps dj, d1 * 0, a une succession de lee mots de
donnees POM (W121 A W121+11 1 =  20     mots de donnees numdriques (W121 a
W121+11: 0; 1; ...) et les codes de correction d'erraur (C41  i= 0,1,...)
pour introduire un decalage de temps a C41+3: i = 0;1;) sont agences dans
un ordre       entre des mots pairs (W121, W1212, , W12+10 consedcutif de
Tr mots pairs respectifs (W121,      i = 0,1, ...) et des mots impairs
(W121+1, W1 2i+2, *- W12j1.10), un nombre entiern n: 0 s nj  W121+3-
-..WI21+11 : i = 0,1, ....... ); < n de chaque pluralitd respective n des
codes  25  un moyan d'encodage (68), rdpondant audit de correction d'erreur
(C41 a 041+3: i = 0; i = 1; ..),  premier moyen de retard de temps, pour
enco- Tr  mots  impairs  antecedents  (W121+1,            der lee mots
pairs (W121, W12121--, W121+10: i = W'121+3, ..W'12i+11) qui precedent
chacun res-      0,1, ...) et les mots impairs retardes (W1261, pectif des
Tr mots impairs respectifs (WM21UM,      W121+3, . I., W121.11 : i =
0,1,...) pour produire un W121+3, ..W,21+11) du premier retard de temps  30
certain nombre n de codes de correction dj, at le nombre restant n-n1, de
chaque plura-     d'arreur (041  C4A13: i = 0; i=1; ...) pour chaque lte
respective n desdits codes de correction        succession de 2 Tr mots de
donnees numdri- d'erreur(04iA0C41+3:i=0;i=1; ... )Adesretards       ques
(W121AW132+11: i=0; i= 1; ..); qui different un incrdment d'unite dudit
troisibme  un second moyen de retard de temps (65, 66) retard de temps d3
sous une contrainte  35          repohdant audit premier moyen de retard de
qu'aucune augmentation  an capacitd  de             temps (65, 66) pour
appliquer un second et mdmoire nest exigde: d1 > (n- n1) d3.
autre retard de temps d2 aux mots impairs retar- ddes (W121+1, W121.., -,
W121.11 : i = 0,1) pour 2. Procedd  comma revendique on revendication 1
introduire un autre ddcalage de temps entre lee dans loquel:
40         mots pairs (W121, W121+2, - W12410: i = 0,1,..) les premier,
second at troisieme retards d1, d2    et lee mots impairs (W^261, W1213, .
.,W121+11 at d3 sont respectivement an relation commo suit:       i =
0,1,..); =     ) d                           un moyen d'entrelacement (65,
66), rdpondant - (n-n) d3;                         audit second moyen de
retard de temps, pour d2 * d3'                 45         appliquer un
entrelacement convolutionnel aux -   d 3-                          mots
pairs (W121, W121+2, -- W121+10: i = 0,1,..) et le meme entrelacement
convolutionnel aux 3. Procedd  comma revendiqud en revendication 2
*mots impairs (W121+1, W121+3, .. W121+11: i = dane loqual:
0,1,..) dans loquel entrelacement convolution- le nombre n1 et le nombre
restant n-n1 decode  50  nel, des retards d'entrolacoment diffdrents res-
de correction d'arraur (C41 A C4l+3: i=O; i=1; ... ) sont  pectife sont
appliquds a des mots pairs respec- dgaux.
ties (W121, W121+2, *-, W12610: i = 0,1,-.) at a drautres mots impairs
retardes respectifs 4. Procedd commo revendiqud on revendication 3oO
(W1 21+1, WI2+3, ..., W121+11: i = 0,1, ... ), lee n=4, n1 = n-n1 =2 et d1
=2d3.                55         retards d'entrelacementdiffdrents
respectifs dif- ferant d'incrdments de multiples entiers d'un 5. Procedd
comma revendiqud on revendication 4             troisibme retard de temps
d3; dans loquel:                                            un moyen de
retard de codes de correction 12    23   EP0395125B1                    24
Il~~~~~~~~~~~~11111 11111 1111 11111! 11!1 23                 EPD  9B 12
BB1                  24        *       L .     S * d'arraur (65, 66)
repondant au dit moyen                           d1 = (n-n1) d3; d'enoodage
(68) pour appliquerdes retards res- pectis entre les codes de correction
d'erraur                         d2 4   d3. (04; & C4k3: i = 0,1....) pour
introduire un deca- lage de temps et pour effectuer un entrelace-  5 ment;
8. Dispositif d'enregistrament comma revendique en des moyens de partage de
pistes (12) reli6audit  revendication 7 dans loqual le moyen de retard de
moyen d'entralacement et audit moyen de        code de correction d'erreur
precit6 (65,66) peut Otre retard de code de correction d'erreurs (65, 66)
mis en service pour appliquer des retards respectifs 



pour partager chaque pluralite Tr de mots pairs  10  de sorte qua le nombre
n1 et le nombre restant n-ni entrelaces (W121, W13.,,2, .., W121,10: i = 0;
i =  de chaque nombre n des codes de correction 1; ..) et chaque pluralite
Tr de mots impairs  d'erreur (C41 & C413; i=0; i=1; ..) sont egaux. decal6s
dans le temps et entrelaces (Wi2ai, W121+.. W121+42, -.. W121+10: i = 0; i
= 1; ..)    9. Dispositif d'enregistrement comma revendique an parmi Tr
canaux et pour partager chaque plura-  15    revendication 8 dans loquel
n=4, n1 = n-nj =2 et d1 Iite n de codes de correction d'erreur entrelaces
= 2d3. parmi un certain nombre d'autres canaux; at un certain nombre de Tr
canaux at d'autres  10. Dispasitif d'enregistrement comma revendiqu6 en
canaux, relies auxdits moyens de partage de     revendication 9 dans laquel
Tr_6; d1 = 40[T]; d2 = plates (12) chacun comprenant un moyen de  20
160[TI; & d3=20 [1; modulation PCM (13-15), un moyen d'ampliflca-       ob
T est la periode de I'antrelacement convo- tion (16-18) et une tOte
d'enregistrement       lutionnel qui est accompli pour chaque succession
(19-21);                                       2Tr=12 de mots de donn6ee
consacutifs (W21 & loquel dispositif eat caractdrise an ce qua:   W121.11:
1=0; i=1; ). ledit premier moyen de retard de temps (65, 66), 25 ledit
moyen d'entrelacement (65, 66) et ledit    11. Dispositif d'enregistrement
comma revendique moyan de code de correction d'erreur (65, 66)  dans l'une
quelconque des revendications prec6- sont adaptds de sorta qua les mots de
donnees  dentes 6 a 10 dans laquel: PCM (W121 & W121.11 :i = 0; 1; ... ) at
les codes  les premier et second moyena de retard de de correction d'erreur
(41 a C41+3: i = 0;1;) sont 30    temps precltes, Is moyen d'entrelacament
et le agencds dans un ordre consacutif de Tr mots     moyen de retard de
code de correction d'erraur pre- pairs respectifs (W121, W121,2,
..W121+10), un  cites consistent en une m6moire (65) et une com- nombre
antler n1 : 0 s n1 c n de chaque pluralite  manda de mimoire (66) agencee
pour commander respective n des codes de correction d'erreur  ladite
memoire (65). (041 & C41+3 : i = 0; i = 1;..), Tr mots impairs ant6- 36
cedents (W121+1, WY121+3, ..-.W'12k11) qui prece-  12. Bande
d'enregistrement ayant un certain nombreTr dent chacun respectif des Tr
mots impairs res-  de pistes sur lesquelles sont enregistres des mots
pactfs (W12A+1, W121+3, ..W121+11) dudit premier  de donnees PCM (W2 A
W121+,.11 : i = 0,1 ... ) repre- retard de temps d1, et le nombre restant
n-n, de  sentant des signaux audio numeriques et un certain chaque
pluralite respective n desdits codes de  40  nombre d'autres pistes sur
lesquelles sont enregis- correction d'erreur (C41 a C41+3: i = 0; i = 1;
...)  tres des codes de correction d'erreur PCM, (C4j a a des retards qui
difflrent d'un increment d'unite  041+3: i=0,1,..) dudit troisieme retard
de temps d3 sous une contrainte qu'aucune augmentation en capacite      ou
sur chaque piste des pluralites respectives de memoir n'east eaxigo: d1 >
(n- n1) d3.  45      des mots de donneas PCM (W121 A W121+1: i=0,1,..)
etles codes de correction d'erreur PCM 7. Dispositif d'enregistrement comma
revendiqu6 en        (C41 a C41+3: i=0,1,..) sont prdcedds par des
revendication 6 dans loquel:                          signaux de
synchronisation et de controle res- pectifs et suivis par des codes de
detection les premier et second moyens de retard de  50      d'erreur
respectifs et constituent des trames temps (65,66) peuvent Otre mis an
service pour     respectives, dans lesquelles trames des mots appliquer des
retards d1 & d2 respectivement et    de donnees PCM (W125 & W12411: i=0, 1,
... ) at le moyen dentrelacement (65,66) pout Otre mis      des codes de
correction PCM (C4; a C41+3: en service pour appliquer des retards cons6cu-
i =0,1,..) sont disperses salon un motif d'entrela- tifs difflrant d'un
increment d'unit4 du troisibme  55  cement, retard d3, lesquels retards d1,
d24 d3 sont en rap-  caracterise en ce qua: port comme suit:
lesdits mots de donnees PCM (W12i & W121+11 i=0; i=1;..) at les codes de
correction PCM (C4; 13    I I!IIIIJ liijl liii! 11111 II !I 25
EP 0 395125 B1                    26             c   L   M a C41,3: i =
01=1; ...) sont disperses salon un  d'operations qui est l'inverse de la
sequence d'ope- motif d'entrelacement dans loquel ies sont agen-  rations
d'application de retard de temps, d'encodage ces dans un ordre conedcutif
de Tr mots pairs    et d'entrelacement spdcifide en revendication 1.
respoctifs (W121, W121.2, ..W121,10), un nombre entier n: 0  n1 < n de
chaque pluralite respec-  5 tive n des codes de correction d'errour (C4 A
C45,3: i = 0; i=1;..), de Tr mots impairs antece- dents (W'121+1, W'121+3,
..W121+11) qul prdce- dent chacun respectif des Tr mots impairs res- 



pectife (W121+1, W121+3., ..-W12+11) dudit premier  10 retard de temps d1,
et l nombre restant n-n, de chaque pluralite respective n desdits codes de
correction d'erreur (C45 a C41+3: i=0; i=1; ...) A des retards qui
diffdrent d'un increment d'unitd dudit troisieme retard de temps d3 sous
une  IS contrainte qu'aucune augmentation en capacite mdmoire n'est exigee:
d1 > (n-n1) d3. 13. Bande d'enregistrement comme revendiqud en
revendication 12 ayant 8 pistes (1-8), sur 6 (2-6) 20 desquelles sont
enregistrds lee mots de donnees PCM (W121 A W121+1 :i=0,1,..) et sur 2
(1,8) desquol- les sont enregistrds les codes de correction d'erreur PCM
(041 a C41+3: i=0,1,..) oD 26 chacun des 6 mots de donneos PCM pairs (W121,
W12k+2, - W121+10 1=0; i=1; ..)sontenre- gistres sur des secondo a septieme
pistes (2-7) A des intervalles de 4 tramese partant de chaque trame nulle;
30 deux codes de correction d'erreur (C4s3, C4b.: 1=0; i=1;..) pour chacun
des quatre codes de correction d'erreur (C45 a C4+3: i=0,1=1;..) enco- ddes
pour 6 mots de donnees PCM pairs et 6 mots do donndes PCM impairs (W12i
AW121i+11: 36 i=0,1=1;..) sont enregistrds sur les premiere et huitieme
pistes (1,8) A des intervalles de quatre tramnes suivant chaque demier mot
pair (W1 2i+10: i=O; i=1; * .); chaque 6 mots de donnees PCM  impairs  40
(W121+1, W121+3, W12a1 : i=0; i=1;..)sont enre- gistres sur les cinquibme A
septiame pistes (5-7) et les secondo a quatrieme plates (2-4) a des
intervalles de quatre trames partant de cha- que quatribme piste; ot
46 deux codes de correction d'erreur restants (C4+2, C4i: i=0;i=1;..) pour
chacun des quatre codes (045 a C41,3: 1=0; =1;..) sont enregistres sur les
premiere et hufiime pistes (1,8) A des intervalles de quatre trames se
terminant A la  60 sixieme trame. 14. Dispositif de reproduction de donndee
a modulation par impulsions coddes pouvant convenir pour pro- duire un
signal analogique A partir de la bande  55 d'enregistrement revendiqude en
revendication 12 ou 13, ledit dispositif comprenant un dicodeur (34)
pouvant fonctionner pour accomplir une sequence 14    


