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successively read symbols may be unreliable: the error density can then
easily exceed the correction BACKGROUND OF THE INVENTION
capability of the code. In order to improve this situation, according to
the cited publication the The invention relates to a decoding device for
5   symbols which will ultimately form part of a single a record carrier
provided with a multi-track digital  code word are stored on the record
carrier in a data pattern which includes error protection data in
distributed manner. After reading, the distribution is that each data word
comprises not only user sym-    cancelled before correction is initiated.
As a result, bols but also redundancy symbols, successive data  the symbols
of a burst which is not excessively words being stored on the record
carrier in a   10  long will be distributed among a number of code
distributed manner in order to allow for correcting  words in such way that
the error is eventually burst errors, there also being provided a detection
correctible. mechanism for supplying pointer signals for sus-       For
many symbol-correcting codes the number pect symbols, which decoding device
comprises a     of symbols to be corrected per code word (t) at the memory
for collecting all symbols of a data word  is   most equals half the number
of redundant symbols. and an error correction element which is fed by the
In given cases this number is found to be too low. memory in order to
perform, if necessary  and          European  Patent Application  84913
(PHN possible, up to a predetermined maximum number      10.242), US Patent
4,477,903 discloses a detection of corrections within a word while using
said point-  mechanism which forms pointer signals for suspect er signals,
and to supply an excess signal in the   20  symbols. When use is made of
such erase sym- case of an excessive number of errors, and also     bols
indicated as being unreliable, the number of comprises a selectively
activatable concealment     erase symbols e to be corrected per code word
at element which is fed by the correction element in  the most equals the
number of redundant symbols. order to deactivate, under the control of the
excess  If the latter number is, for example 4, the following signal, a
received, presumably irrepairable user  25  situations may occur; each line
indicating a case symbol on a user output. A known record carrier of  that
can be converted to a correct code word. this type is the so-called
"Compact Disc" for the   t = e = 0 storage of high-quality audio, described
in detail in  t = 0, e = 1 Philips Technical Review, Vol. 40, No. 6 (1982),
pp.  t = 0, e = 2 151-156 (system aspects) and 166-173 (error pro-  30  t =
0, e = 3 tection, and error masking/concealment). "Multi-    t = 0, e = 4
track" is to be understood to mean herein a carrier  t = 1, e = 0 for which
there is provided a read element which    t = 1, e = 1 can be displaced
between two or more read posi-    t = 1, e = 2 tions by displacement
transversely of a relative   35  t = 2, e = 0. direction of movement
between the read element      Notably if the number of erase symbols
amounts to and the carrier, without reversal of the latter move-  3 or 4,
additional correction will not be possible. If ment direction being
necessary. For example, a      the number of erase symbols amounts to 4, it
is disc can comprise a spiral track as well as a       even impossible to
detect whether the correction number of concentric tracks. A tape, for
example a   40  has been correctly executed or not. In some cases magnetic
tape, may also comprise a plurality of    this detection will be omitted
for e = 3, but even if parallel tracks. The same holds good for a drum. A
that is not the case, a further error will be over- further possibility is
the case where successive   looked in approximately 1/2%  (=1/256) of the
tracks are diagonally adjacent on a track, such as  cases for an 8-bit
symbol. Such overlooking can is used in R-DAT recording (digital audio tape
with  45  also occur with a different probability in other a rotating
head).                                   cases. Error protection is usually
realized on a word basis. Such a word consists of a suitably chosen
SUMMARY OF THE INVENTION number of symbols each comprising a uniform number
of bits. Because a sub-set of the symbols  50   Among other things, it is
an object of the is redundant, a code having symbol-correcting
invention to realize the separate detection of a loss properties can be
implemented. Such a code is       of track where, when the distribution of
the sym- usually systematic at the symbol level, but that is  bols of a
word is cancelled, such as by deinter- not a requirement. The use of record
carriers often  leaving, and the decoding device could constitute a
involves the occurrence of so-called burst errors,  55   word from symbols
relating to various original code which are due to the properties of the
record      words which constituted word would have a non- carrier itself
(material defects, scratches) as well as  excessive number
characterizations of symbols as to faults during reading. Consequently, a
series of  being suspect per se, and the signalling of such a 3    
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the decoding device, without either  symbols, first redundancy symbols, all
symbols of a complex microprogram facility being required for  a first word
being Interleaved among second words this purpose, in view of the temporary
storage in   with an addition of second redundancy symbols, memory, or
necessitating the deactivation of   the decoding device comprising a memory
for col- an excessively large part of the user data, while   5   lecting
all symbols of a second word, a first error still reducing the above risk
of overlooking a non-  correction element which communicates with the
correctable error pattern substantially.            memory in order to
execute, if necessary and According to a first aspect of the invention,
possible, up to a predetermined maximum number there is provided a decoding
device which is char-  of corrections within a second word, and to char-
acterized in that there is provided a detector for  10  acterize the user
symbols and first redundancy detecting a loss of track formed by a read
element  symbols of the relevant second word as being and for invalidating,
in response thereto, a series of  suspect by means of a pointer signal in
the case of symbols supplied by the read element for an input   an
excessive number of errors, the memory being of the memory in order to
create an increased       adapted to receive, after de-interleaving, all
sym- number of errors within a data word and to supply,  15  bols of a
first word, there being provided a second upon reception of a sufficient
number of invalid    error correction element which communicates with
symbols whether measured or artificial, also said  the memory in order to
execute, if necessary and cess signal which holds for all symbols of the
possible, up to a second predetermined maximum relevant word.
number of corrections within a first word, utilizing 20 said pointer
signals, and to supply an excess signal FURTHER ASPECTS OF THE INVENTION
in the case of a second excessive number of errors, and also comprising a
selectively activatable The error protection organization of the com-
concealment element which is fed by the second pact disc involves two
interleaved Reed-Solomon     correction element in order to deactivate,
under the codes. At the first level, a code word comprises 28   25  control
of the excess signal, a received but ir- data symbols and 4 redundancy
symbols, so that      repairably disturbed user symbol on a user output,
the minimum distance as taken over the symbols      characterized in that
there is provided a detector amounts to five. For this purpose various
correction  for detecting an a loss of track formed by a read strategies
can be used. If the strategy fails, all  element and for invalidating, in
response thereto, a symbols of the relevant code word are deemed to  30
series of symbols delivered by the read element be "suspect" (1 flag per
symbol or a specific      for an input of the memory, for creating an in-
indication for the entire word, these indication pos-  creased number of
errors within a first data word, sibily having a range of more than two
values).     and for forming, upon reception of a sufficient Subsequently,
the 28 data symbols are de-inter-     number of invalid symbols, also said
excess signal. leaved over as many code words of the second   35   The
excess signal may be formed in various way. level. At this second level a
code word (or block)  One particularly advantageous way is that flags
comprises 24 user symbols and 4 redundancy         from the first
correction element are considered as symbols. Various correction strategies
can again     preliminary, and in case the second correction ele- be used,
utilizing the characterization "suspect    ment cannot cope with the
flagged erasure sym- symbol"; this characterization, bivalent or multi-  40
bols, their flags are "hardened" and given a defini- valent can act as an
error locator, so that it is  tive character. However, other strategies are
possi- merely necessary to determine the error value.      ble just as
well, Here, the indication is then per- This takes place notably when the
number of sus-    formed by the first decoding operation. Altemative- pect
symbols amounts to 3 or 4 in the above case,   ly, however, the pointer
information is formed al- because the minimum  distance of the code is  45
ready by a preceding demodulation operation so insufficient for performing
adequate correction in  that irrecognizable channel symbols are signalled
that case without using these error locators. In   to be suspect; in that
case additional symbols can many cases no subsequent check will be possible
also be signalled to be suspect during the first as regards proper
correction: in fact, in some cases  decoding operation under the control of
an exces- good symbols could be changed to incorrect ones.  50  sive number
of suspect symbols, i.e. the sum of When error locators are used
extensively, in most   the number of invalid symbols and the number of
cases the syndrome will then be automatically      symbols signalled to be
irrecognizable by the de- equal to zero.
modulation. In this case the use of the invention Notably when used in the
Compact Disc sys-      concerns notably the second code. In general, the
tem, the invention relates to a decoding device for  55  first correction
element may receive three kinds of a record carrier provided with a
multi-track data   non-conforming symbols: pattern which includes error
protection data in that  a. normal error symbols that had not been sig- a
first data word comprises, in addition to user      nalled as suspect; 4



5                 EP 0 322 078 B1                     6 b. symbols that are
accompanied by a signaliza-  for the organization at a higher level, such
as tion due to track loss;                          addressing.
Subsequently, there are 32 channel c. symbols that are signalled as suspect
by an   symbols of 14 channel bits each, each time sepa- earlier stage of
the processing, such as the      rated by 3 spacing bits. The demodulator
recog- demodulation step.                           5   nizes the
synchronization pattern and subsequently The correction should treat each
of the three cate-  selects the sub-code data (output not shown), after
gories in an appropriate way.                       which it delimits the
channel symbols. Subsequent- The invention also relates to a player
compris-  ly, each channel symbol is translated into an 8-bit ing a
decoding device of the described kind, and    code symbol. The code symbols
are successively also comprising positioning means for positioning a   10
applied to the first-in first-out buffer (FIFO) 24, storage medium, drive
means for driving the stor-   synchronized by the input clock signal. This
buffer age medium in the direction of a track along said  serves notably
for compensating for the fluctu- read element, and user adaptation means
for pre-    ations previously mentioned. At the right-hand side senting
user data on an output of the decoding      of the broken line 28 all
operations are mutually device. Further attractive aspects are cited In the
15  synchronized by a local oscillator which is not dependent Claims.
shown for the sake of simplicity. The separating line between the two
independent synchronizations, BRIEF DESCRIPTION OF THE FIGURES
however, may also be situated elsewhere in the circuit. For example, the
buffering in order to can- The invention will be described in detail  20
cel irregularities in the data input rate can also be hereinafter with
reference to some Figures.         performed at the output side, just
before the con- Fig. 1 diagrammatically shows a prior art device;  version
of the digital data into analog sampling Figs. 2a-2f show a number of data
configura-     values. The buffer 24 is read by the decoding tions;
device 30 and the redundancy information is used Figs. 3a-3d show some
details of a correction   25  for converting a code word consisting of 32
code device in accordance with the invention.         symbols, using error
protection (Reed-Solomon), into a word comprising 28 symbols. Subsequently,
DESCRIPTION OF A DECODING DEVICE                    these 28 symbols are
de-interleaved again over as many secondary code words of 28 symbols each.
Fig. 1 diagrammatically shows a state of the art  30   Subsequently, the
redundancy information of each device. The curve 20 diagrammatically
represents    28-symbol code word is used for converting the the incoming
channel bits. These bits are produced  relevant code word into a 24-symbol
data word by a read element (not shown) which reads a track.  consisting of
user information. For the intermediate This track is scanned generally in
that the record  storage of information there is provided a memory carrier
on which it is provided is driven along the   35  26. read element. In many
cases there are also pro-        The redundancy described above can be used
vided various servo mechanisms for correct posi-    for the correction of
symbols and for the repair of tioning of the read element with respect to
the     erase symbols by means of one of the described track. To this end
there are provided one or more   strategies. Correction means: localization
and com- sensors which form part of the read element. The   40  pensation.
An erase symbol must be indicated and relevant control circuits themselves
do not form    subsequently the error value can be determined. part of the
invention and have been omitted in Fig.  The indication is realized in that
a symbol is char- 1 for the sake of simplicity. The stream of channel
acterized as suspect. This can be achieved In bits is self-synchronizing in
that the distance be-  various ways: tween two successive signal
transitions lies be-  45  a) the demodulator receives a non-permissible
tween a minimum value and a maximum value.            pattern of channel
bits (only approximately [err] of Detection of these signal transitions
produces an     the 214 possiblities are permissible in view of input clock
signal by way of a phase-locked loop      the dk limitations of the
modulation rules). Char- (PLL) and a voltage-controlled oscillator. The
drive  acterization can be used in both decoding oper- speed of the record
carrier, and hence also the   50  ations; frequency of the input clock
signals, is subject to   b) the intensity of the high-frequency component
fluctuations. Element 22 is a demodulator which is    of the read-out
signal is out of certain prescribed driven by the input clock signals.
Therein the chan-  limits; nel bits are converted into code symbols. The
c) the self-synchronization as governed by a channel bits are arranged in a
given pattern. First  55  phase-locked loop signals an error; of all there
is formed a synchronization pattern with  d) a track jump is signalled and
an associated which a so-called frame starts. This is followed by
signalling is given to a sequence of symbols so-called sub-code data which
is used for example     then received; 5    
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decoding operation, a code   least temporarily. word is characterized as
non-correctable; the        Fig. 2a diagrammatically illustrates the
reading correction fails, or the number of symbols char-  of the record
carrier when the track is followed. acterized as suspect within the
relevant code    Vertical bars represent each time the contents of a word
is larger than 4. In that case, for example,   5   code word before the
first decoding operation. Ig- all symbols of the relevant code word can be
noring a comparatively small additional distribution characterized as being
suspect.                  mechanism (the so-called small interleave) of the
In most cases a number of correctly decoded     compact disc, these bars
are filled sequentially: user symbols can be delivered by the second
first the bar n, then the bar n + 1, then the bar n + 2, decoding
operation. In certain circumstances, this  to  and so on. The first
decoding operation is then will not be the case, that is to say if either
after  performed each time on such a bar. correction without use of pointer
information an       Fig. 2b diagrammatically shows the situation error
location outside the word in question is found  after de-interleaving, an
abstraction being made for (thus a non-existent symbol), or if more than
four  the length of the code words. The code words symbols are signalled as
suspect (in principle a   15  (minus redundancy) of the first code can now
be possibility of incorrect correction without signalling  represented as
slanted strips. The code words of exists, but this will be ignored). In the
latter case  the second code are now shown as vertical bars; user symbols
are applied to a concealment   they are represented by broken lines for the
pur- [err]ment 32 with an excess signal (per symbol, per   pose of
distinction. word, etc.); the excess signal may be a copied   20    Fig. 2c
diagrammatically shows the situation of version of a signalization by the
first correction  Fig. 2a when a loss of track occurs, which Is element, or
may be generated by the second cor-     subsequently repaired: at the
beginning and the rection element itself: various strategies are possi-
end the track A is read and during an interval the ble. In concealment
element 32 the excess signal    track B is read (for example, an adjacent
track). An is detected and a relevant user symbol Is deacti-  25
abstraction Is made for possible transitional phe- vated, for example it is
replaced by 0 ... 0, or by an  nomena where no channel symbols at all are
re- interpolated value. For audio applications the first  ceived for a
brief period of time (or no correct step is usually not permissible; in
that case an    channel symbols which would be signalled as such
interpolation mechanism of some kind is provided.   by the demodulator 22).
During the first decoding The simplest form is a linear interpolation
between   3o  operation, the code words are decoded correctly, the last
correct digital data prior to the disturbance  which means that the result
will either be a correct upon reproduction and the first correct digital
data  code word or a disturbed code word on which a after the disturbance.
In given cases a higher-order  correct correction has been performed. A
third pos- interpolation can offer better results. In given cases  sibility
consists in that a code word cannot be the length of the disturbance is
such that realistic  35  decoded in the correct manner, but is also sig-
interpolation is no longer possible. In that case the  nalled as such. In
the latter case all symbols there- [err] correct digital data prior to the
disturbance is  of are signalled to be suspect by means of an retained (and
hence the reproduction is repeated     additional signal (flag). for so
long) until the remaining length of the distur-  Fig. 2d is a diagrammatic
representation of the bance is small enough to allow an interpolation to
40  situation of Fig. 2b in which the code words of the be performed.
second decoding operation are shown (partly) as After the decoding and, in
the case of a com-  vertical bars. As regards the code word 100, the pact
disc, after combination of each time two asso-  situation does not differ
from that shown in Fig. 2b: ciated user symbols of 8 bits each, a stream of
so-  it consists entirely of symbols of the track A. Simi- called 16-bit
sampling values appears on the out-  45  larly, the code word 102 consists
entirely of sym- puts 34, 36, which sampling values can produce a    bols
of the track B. Code word 104 consists mainly continuous audio signal after
filtering and D/A con-  of symbols of the track A, the symbols of track B
version.                                            being so few that they
can be considered to be A complete circuit for the above is published,
error symbols; in that case corect decoding can for example in Electronic
Components and Applica-  so  still take place. Code word 106 no longer
offers this tions, Vol. 6, No. 4, 1984, pp. 216-222.
possibility. Two possibilities now exist: if only a strategy involving
error correction is followed (no PHENOMENA RELATING TO THE LEAVING OF A
erase symbols), most often the correction will fail. TRACK
In that case the decoding device will form the 55  excess signal, so that
the concealment element will Figs. 2a-2f show, for the compact disc
applica-  deactivate the relevant user symbols. When use is tion, some data
configurations which may occur      made of erase symbols in order to
replace these when a track is left, so that another track is read at
symbols by a substitute symbol, the result of this 6    



9                 EP 0 322 078 B1                    10 strategy may be
undesirable. This is notably so for  are symmetrically situated with
respect to the track. the cases (t = 0, e = 4) and (t = 1, e = 2),
The outer circle symbolizes the aperture of the because the correction
capability is fully ore nearly  objective lens. The hatching indicates the
lighting fully utilized. It is also the case for (t = 0, e = 1, 2,
intensity of an optical interference pattern of the 3) and (t = 1, e = 1)
if the additional redundancy   5   zeroeth order light reflection and the
[err] orders of is not used to check whether the remaining syn-    light
reflection as far as inside the aperture of the drome becomes zero. In all
these cases it may       objective lens. Because of the optical properties
of occur that an incorrectly corrected symbol is mis-  the track, the light
intensities as measured on the takenly not provided with an excess signal,
so that  two photosensitive elements are a direct indication it is not
deactivated. In given circumstances this  10  of the correctness of the
track-following position. may cause an annoying click in the audio signal
Now, a heavier hatching indicates a higher received stream. Another reason
for using the track-loss    intensity. In the picture 122 positioning is to
the signal to signal symbols for the first correction   right of the track:
the left-hand read element still element as unreliable is the following. If
the strat-  receives approximately the same amount of reflec- egy in the
second correction element is to forward  15  tion, but the right-hand read
member receives in case of impossible correction only the Input flags  much
more. This is symbolized by additional shad- received, the track loss could
have caused the. first  Ing. In the picture 124 (shifted further to the
right) correction element to under estimate the number of  the left-hand
read element also receives much errors. The miscorrection could finally
give rise to  more light than in the correctly positioned position. clicks.
Raising the number of flagged symbols  20  In the case of a shift to the
left with respect to the would to a large extent suppress these clicks.
correct position (118, 116), the situation is re- Fig. 2e diagrammatically
shows the situation of  versed. In the case of an even greater excursion to
Fig. 2a where a loss of track occurs and a large   the right or the left,
the cycle is repeated. The number of tracks are successively detected. Such
reflection is reduced upon correct positioning in a situation will occur
when another track is ad-  25  that the pits in the surface of the CD disc
which dressed; after the traversing of a number of tracks  contain
information modulate and hence reduce the (as many as several hundreds of
tracks or even      reflection. more), the target track will ultimately be
reached.    For the above example it has been assumed Fig. 2f again
illustrates the situation of the Figs.  for the sake of simplicity that
focussing is correct, 2b, 2d. It will be evident that the situation of the
30  so that the read element is situated at the correct code words may even
become more complex, ac-        distance from the surface of the CD disc.
For the companied by an increased risk of errors.           vertical
position adjustment a separate control It is to be noted that in the Figs.
2b, 2d, 2f the  mechanism based on interferometry is present, but
overlapping of successive tracks amounts to a       this is not further
discussed for brevity. number of 108 code words of 136[err] each, which
35    Fig. 3b shows the sum of the signals of the equals 15 ms. The risk of
an audible error is thus  left-hand and right-hand elements as a function
of substantial. This is the more so when the read     the deviation; the
horizontal line 128 represents the element deliberately loses the track
because of the  maximum reflection. The lower curve 130 repre- addressing
of another track.                       sents the minimum reflection as a
function of the In the case of a single-level code, analogous   40
deviation. In practice time-varying modulation takes situations may occur.
This can be represented as If  place, so that on average the line 132 is
found. no redundancy symbol were provided in code          Thus at 134 the
positioning is correct and the words of the first code, so that no
correction could  mean reflection is minimum. take place either.
Fig. 3c similarly shows the difference between 45  the signals of the
left-hand and right-hand elements STEPS IN THE CASE OF LOSS OF TRACK
as a function of the deviation. Fig. 3d shows the ratio of the signals of
the Figs. 3a-3d show some details of a correction   Figs. 3c and 3b. Thus,
this signal is zero only if device in accordance with the invention. Fig.
3a    adjustment to a track has been achieved. The diagrammatically shows
the position of two known   so   mathematical indefiniteness of 0/0 does
not occur photosensitive elements which are used for activat-  in practice,
because an exactly stationary situation ing a control circuit for following
a track. In the  will never be reached, in combination with low-pass
centred and focussed position (120), both elements  filter effects on the
time-varying signals. receive the same amount of energy which is pro-
In the case of a temporary loss of track, the duced by a read laser and
which is reflected by the  55  signal of Fig. 3d becomes unequal to zero
and carrier. This energy depends on the position of the  when temporary
adjustment to another track takes two objective lens with respect to the
track: when  place it becomes zero again. When the adjustment positioning
is correct, the photosensitive elements  returns to the previous track, the
sequence of the 7    
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reversed again. Upon reversal of the       a different modification of the
output symbols of displacement direction to a track position, the sign  the
demodulator. Examples in this respect are of the time derivative of the
signal 3d will change.  the partial inversion of the bits of a symbol, the
[err] then also holds for the signal shown in Fig. 3c.  replacement of a
symbol by a predetermined when the sign of the displacement direction is
5     symbol; reversed between two tracks, the sign of the de-      c.
another possibility consists in that a symbol is rivative of the signal of
Fig. 3c is reversed, but the  modified in one way or another on the input
of derivative of the signal of Fig. 3d remains very      the demodulator
22; small. Discrimination is thus possible between the    d. a final
possibility exists if the demodulator 22 adjustment to the previous track
and the stepping   10  comprises an output for indicating suspect sym-
across a number of tracks.                            bols itself. If this
number becomes larger than Furthermore, the number of reversals of the
four per word, the first decoding operation will signal of Fig. 3d can be
counted. If a command        not be performed for the relevant word. This
flag was given to address another track, for example by    can be formed in
the same way as that de- way of a step operation across a number of tracks,
15    scribed sub a. above; this is because the modi- the number of zero
crossings of the signal of Fig.    fication will usually produce an
inadmissible 3d Is counted. When this number reaches the           channel
word: for example, in that case the d,k [err] value, the new track has been
reached and      constraint which limits the length of a string of
[err]error correction can subsequently be resumed.     equivalent channel
bits will not be satisfied. The The dectector which detects that the read
element  20    flag can alternatively be added directly by the is no longer
or not yet positioned to the correct     signal on the line 44. In all
these cases the track, is denoted by the block 38 in Fig. 1. The
output signal of the demodulator has a width of broken line 40 represents
the optical signals ob-     9 bits; tained in the manner described with
reference to      e. if the decoding involves only one operation, the Figs.
3a-3d. The information of the control at a   25  several of the above
methods can also be used. higher level, activating a transversal jump with
re-  Another possibility is to replace each symbol by spect to the tracks,
is applied to the input 42; this  the same invalid symbol on the output of
the may be a preset for a counter which counts the        demodulator, for
example by the symbol FF- number of zero crossings of the curve shown In
(1111 1111) which is not allowed to occur in Fig. 3d and which, when the
position -0- is  30       other situations. In the error detection a
special reached, supplies a signal which indicates that the   detector is
provided for this symbol value so correct track has been reached. Said
control at a     that the detection operates as an erase flag. If higher
level detects, on the basis of an address      the correct track had not
yet been reached, the present in the data read, whether this position
number of erase flags will thus increase beyond actually concerns the
correct track; the latter detec-  35    the maximum permissible number, so
that the tion is always necessary, because selective ad-       relevant
code word is considered to be incorrec- essing also takes place within one
revolution on    table. When the correct track is reached, the [err] basis
of the data of the relevant track.            generating of the dummy
symbols is stopped, possibly after a fixed, small delay. Generally, the THE
STEPS AT THE CODE LEVEL                   40      generating of correct
user symbols is then re- sumed, so that the concealment device is de- On
output 44 a signal appears which indicates      activated. that the read
element is not positioned to a correct   The advantages of the invention
consist in the track. This signal can be used in various ways in
simplicity of its implementation: the symbols them- order to ensure that
the decoding does not initiate  45  selves memorize as if it were that they
were situ- incorrect correction during the last decoding opera-  ated in
the vicinity of a loss of track. Notably no tion, which correction is based
only on a compara-  additional channel is required for such signalling,
tively small number of signals indicated to be un-  apart from an error
flag, which may be associated reliable. In this respect the following steps
can be  with the symbol as an additional bit. The organiza- taken:
50  tion is simple notably in the case where it is not a. preferably, this
signal is applied to block 46  known how much time elapses between the
recep- which bit-wise inverts a decoded symbol. If the  tion of a symbol
and its treatment by the error decoding device receives more than two
invalid   correction device 30. This is because there is an symbols per
word, consequently, in the first     intermediate memory section 24 which
operates as decoding operation correct decoding can never  55
first-in-first-out buffer with a variable delay. be performed and this
decoding will add a            When use is made of a multi-level code, it
is "suspect" flag to all symbols of a code word;    usually attractive to
deactivate not only the first b. similarly, the same result can be obtained
by  decoding operation but also the second decoding 8    



13                EP 0 322 078 B1                     14 operation by means
of the large number of invalid      (ERCO) which communicates with the
memory symbols and/or by the first decoding operation         (MEM) in
order to execute, if necessary and and/or by the symbols which are
signalled to be        possible, up to a predetermined maximum suspect by
the demodulation (element 46) in the         number of correction within a
second word, case of loss of track.                         5       and to
characterize the user symbols and first A final step consists in that,
under the control    redundancy symbols of the relevant second of a
sufficient number of invalid symbols per code     word as being suspect by
means of a pointer word, the interpolation may be also deactivated
signal in the case of an excessive number of when these code words appear
on the user output.       errors, the memory (MEMO) being adapted to 10
receive, after de-interleaving, all symbols of a Claims
first word, there being provided a second error correction element which
communicates with 1. A decoding device for a record carrier pro-.
the memory (MEMO) in order to execute, if vided with a multi-track digital
data pattern       necessary and possible, up to a second pre- which
includes error protection data in that  15    determined maximum number of
corrections each a data word comprises not only user            within a
first word, said pointer signals, and to symbols but also redundancy
symbols, suc-           supply an excess signal in the case of a sec-
cessive data words being stored on the record       ond excessive number of
errors, and also com- carrier in a distributed manner in order to allow
prising a selectively activatable concealment for correcting burst errors,
there also being   20  element (32) which is fed by the second cor-
provided a detection mechanism for supplying       rection element in order
to deactivate, under pointer signals for suspect symbols, which de-     the
control of the excess signal, a received but coding device comprises a
memory (MEM) for          irrepairably disturbed user symbol on a user
collecting all symbols of a data word and an        output, characterized
in that there is provided a error correction element (ERCO) which is fed
25   detector for detecting a loss of track formed by by the memory (MEM)
in order to perform, If         a read element and for invalidating, in.
re- necessary and possible, up to a predetermined      sponse thereto, a
series of symbols delivered maximum number of corrections within a word
by the read element for an input of the mem- while using said pointer
signals, and to supply     ory (MEM), for creating an increased number an
excess signal in the case of an excessive   30   of errors within a first
data word received, and number of errors, and also comprises a selec-
for forming, upon reception of a sufficient num- tively activatable
concealment element (32)         ber of invalid symbols, also said excess
signal. which is fed by the correction element (ERCO) in order to
deactivate, under the control of the  3. A decoding device as claimed in
Claim 1 or 2, excess signal  a received, presumably ir-  35
characterized in that said invalidation is repre- repairable user symbol on
a user output, char-      sented by a dummy symbol. acterized in that there
is provided a detector (38) for detecting a loss of track formed by a  4. A
decoding device as claimed in Claim 1 or 2, read element and for
invalidating, in response      characterized in that said invalidation is
repre- thereto, a series of symbols supplied by the   40   sented by an
invalidity flag. read element for an input of the memory (MEM) in order to
create an increased number    5. A decoding device as claimed in any one of
of errors within a data word and to supply,         the Claims 1 to 4,
characterized in that said upon reception of a sufficient number of invalid
loss of track detector (38) responds to a dis- symbols whether measured or
artificial, also   45   placement command for the read element. said excess
signal which holds for all symbols of the relevant word.
6. A decoding device as claimed in Claim 5, characterized in that said
invalidation is termi- 2. A decoding device for a record carrier pro-
nated by counting the number of track tra- vided with a multi-track data
pattern which   so    versed by the read element until an intended includes
error protection data in that a first     track is reached. data word
comprises, in addition to user sym- bols,first redundancy symbols, all
symbols of a  7. A decoding device as claimed in Claims 1 to 6, first word
being interleaved among second           characterized in that said loss of
track detector words with an addition of second redundancy   55    (38)
responds to a temporary loss of track by symbols  the decoding device
comprising a          the read element with respect to a current memory
(MEM) for collecting all symbols of a        track. second word, a first
error correction element 9    
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of the large number of invalid      (ERCO) which communicates with the
memory symbols and/or by the first decoding operation         (MEM) in
order to execute, if necessary and and/or by the symbols which are
signalled to be        possible, up to a predetermined maximum suspect by
the demodulation (element 46) in the        number of correction within a
second word, case of loss of track.                         5       and to
characterize the user symbols and first A final step consists in that,
under the control    redundancy symbols of the relevant second of a
sufficient number of invalid symbols per code     word as being suspect by
means of a pointer word, the interpolation may be also deactivated
signal in the case of an excessive number of when these code words appear
on the user output.       errors, the memory (MEMO) being adapted to 10
receive, after de-interleaving, all symbols of a Claims
first word, there being provided a second error correction element which
communicates with 1. A decoding device for a record carrier pro-
the memory (MEMO) in order to execute, If vided with a multi-track digital
data pattern       necessary and possible, up to a second pre- which
includes error protection data in that  15    determined maximum  number of
corrections each a data word comprises not only user            within a
first word, said pointer signals, and to symbols but also redundancy
symbols, suc-           supply an excess signal in the case of a sec-
cessive data words being stored on the record       ond excessive number of
errors, and also com- carrier in a distributed manner in order to allow
prising a selectively activatable concealment for correcting burst errors,
there also being   20  element (32) which is fed by the second cor-
provided a detection mechanism for supplying       rection element in order
to deactivate, under pointer signals for suspect symbols, which de-
the control of the excess signal, a received but coding device comprises a
memory (MEM) for          irreparably disturbed user symbol on a user
collecting all symbols of a data word and an        output, characterized
in that there is provided a error correction element (ERCO) which is fed
25   detector for detecting a loss of track formed by by the memory (MEM)
in order to perform, if         a read element and for invalidating, in re-
necessary and possible, up to a predetermined      sponse thereto, a series
of symbols delivered maximum number of corrections within a word         by
the read element for an input of the mem- while using said pointer signals,
and to supply     ory (MEM), for creating an increased number an excess
signal in the case of an excessive   30   of errors within a first data
word received, and number of errors, and also comprises a selec-       for
forming, upon reception of a sufficient num- tively activatable concealment
element (32)         ber of invalid symbols, also said excess signal. which
is fed by the correction element (ERCO) in order to deactivate, under the
control of the  3. A decoding device as claimed in Claim 1 or 2, excess
signal, a received, presumably ir-  35       characterized in that said
invalidation is repre- repairable user symbol on a user output, char-
sented by a dummy symbol. acterized in that there is provided a detector
(38) for detecting a loss of track formed by a  4. A decoding device as
claimed in Claim 1 or 2, read element and for invalidating, in response
characterized in that said invalidation is repre- thereto, a series of
symbols supplied by the   40   sented by an invalidity flag. read element
for an input of the memory (MEM) in order to create an increased number
5. A decoding device as claimed in any one of of errors within a data word
and to supply,         the Claims 1 to 4, characterized in that said upon
reception of a sufficient number of invalid   loss of track detector (38)
responds to a dis- symbols whether measured or artificial, also   45
placement command for the read element. said excess signal which holds for
all symbols of the relevant word.                           6. A decoding
device as claimed in Claim 5, characterized in that said invalidation is
termi- 2. A decoding device for a record carrier pro-         nated by
counting the number of track tra- vided with a multi-track data pattern
which   so    versed by the read element until an intended includes error
protection data in that a first     track is reached. data word comprises,
in addition to user sym- bols,first redundancy symbols, all symbols of a
7. A decoding device as claimed in Claims 1 to 6, first word being
interleaved among second           characterized in that said loss of track
detector words with an addition of second redundancy   55    (38) responds
to a temporary loss of track by symbols, the decoding device comprising a
the read element with respect to a current memory (MEM) for collecting all
symbols of a        track. second word, a first error correction element 9
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as claimed in any one of        innerhalb eines Datenwortes zu erzeugen,
und the Claims 1 to 7, characterized in that for the  um  nach Empfang
einer genOgend grofen formation of an invalid symbol the decoding
Zahl von ungUltigen Symbolen, ob gemessen device comprises an inversion
element for the   oder kinstlich erzeugt, auch das erwahnte at least
partial inversion of a current symbol   s  Oberschulsignal zu liefern, das
fOr alle Sym- received.                                         bole des
relevanten Wortes gilt. 9. A decoding device as claimed in any one of
2. Decodieranordnung flr elnen InformationstrE- the Claims 1 to 8,
characterized In that the      ger mit elnem mehrspurigen digitalen Daten-
decoding device comprises a generator for a   70  muster, das
Fehlerschutzdaten enthalt, indem symbol of fixed value in order to form an
ein erstes Datenwort zusatzlich zu Benutzer- invalid symbol.
symbolen erste Redundanzsymbole umfaift, wobei alle Symbole elnes ersten
Wortes unter 10. A player comprising a decoding device as
HinzufUgung von zweiten Redundanzsymbolen claimed in any one of the Claims
1 to 9, and   75  mit zweiten W6rtern verschachtelt sind, wobel also
comprising positioning means for position-   die Decodieranordnung einen
Speicher (MEM) ing a storage medium, drive means for driving     zum
Sammein aller Symbole eines zweiten the storage medium in the direction of
a track    Wortes enthalt, emn erstes Fehlerkorrekturele- along said read
element, and user adaptation      ment (ERCO), das mit dem Speicher (MEM)
means for presenting user information on an   20  kommuniziert, um
innerhalb eines zweiten output of the decoding device.
Wortes, falls notwendig und m6glich, bis zu einer vorher bestimmten
maximalen Anzahl an Patentanspriche
Korrekturen auszuflihren, und urn die Benut- zersymbole und ersten
Redundanzsymbole 1. Decodieranordnung fUr einen Informationstril-  25  des
relevanten zweiten Wortes mittels eines ger mit elnem mehrspurigen
digitalen Daten-       Anzeigesignals far den Fall einer OberschUssi-
muster, des Fehlerschutzdaten enthalt, indem      gen Anzahl von Fehlern
als verd~chtig zu jeweils ein Datenwort nicht nur Benutzersym-
kennzeichnen, wobei der Speicher (MEM) flr bole, sondern auch
Redundanzsymbole um-           den Empfang - nach Entschachteln - aller
falt, wobei aufeinanderfolgende Datenw6rter  3o   Symbole eines ersten
Wortes geeignet ist, und auf dem Informationstrager verteilt gesichert
wobei ein zweites Fehlerkorrekturelement vor- sind, um die Korrektur von
Bitbilndelfehlern zu   handen ist, das mit dem Speicher (MEM) kom-
erm6glichen, und wobei auch ein Detektions-       muniziert, um innerhalb
eines ersten Wortes, mechanismus vorhanden ist, urn Anzeigesigna-
falls notwendig und m6gllch, unter Verwen- le fir verd~chtige Symbole zu
liefern, wobei  35  dung der erwahnten Anzeigesignale, bis zu die
Decodieranordnung eanen Speicher (MEM)        einer zweiten, vorher
bestimmten maximalen zum Sammeln aller Symbole eines Datenwor-
Anzahl an Korrekturen auszufUhren, und um fUr tes enthalt und ein
Fehlerkorrekturelement        den Fall einer zweiten Oberschassigen Anzahl
(ERCO), das von dem Speicher (MEM) ge-            von Fehlem ein
Uberschulsignal zu liefem, speist wird, um innerhalb eines Wortes, falls
40  und des auch ein selektiv aktivierbares Ver- notwendig und miglich,
unter Verwendung der       bergelement (32) umfaft, das von dem zweiten
Anzeigesignale, bis zu einer vorher bestimm-       Korrekturelement
gespeist wird, um  unter ten maximalen Anzahl an Korrekturen auszu-
Steuerung des Oberschufsignals ein empfan- f(3hren, und um fOr den Fall
eaner UberschUssi-    genes, aber vermutlich irreparabel gest6rtes gen
Anzahl von Fehlern ein Oberschulsignal  45    Benutzersymbol an einem
Benutzerausgang zu zu liefern, und des auch ein selektiv aktivierba-
deaktivieren, dadurch gekennzelchnet, daB ein res Verbergelement (32)
umfa~t, das von dem       Detektor vorhanden ist, um einen Spurverlust
Korrekturelement (ERCO) gespeist wird, um         von einem Leseelement zu
detektieren und, als unter Steuerung des Uberschulsignals ein
Reaktion darauf, eine Reihe von von dem Le- empfangenes, vermutlich
irreparables Benut-  50   seelement gelieferten Symbolen far einen Ein-
zersymbol an einem Benutzerausgang zu de-         gang des Speichers (MEM)
ungUltig zu ma- aktivieren, dadurch gekennzeichnet, daBl ein      chen, um
eine erhohte Zahl von Fehlern inner- Detektor (38) vorhanden ist, um einen
Spurver-    halb eines ersten empfangenen Datenwortes lust von einem
Leseelement zu detektieren        zu erzeugen, und um nach Empfang einer
ga- und, als Reaktion darauf, eine Reihe von von   55  nOgend groflen Zahl
von ungIltigen Symbolen dem Leseelement gelieferten Symbolen ftr ei-
auch das erwahnte OberschuBsignal zu bilden. nen Eingang des Speichers
(MEM) ungliltig zu machen, um eine erh6hte Zahl von Fehlern       3.
Decodieranordnung nach Anspruch 1 oder 2, 10                     I 1111111
111111 11111 11111 11 l111    17                EP 0 322 078 B1
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dadurch gekennzeichnet, dab die erwahnte Un-       prend non seulement des
symboles d'utilisa- gUltigmachung durch ein Scheinsymbol darge-
teur, mais egalement des symboles de redon- stellt wird.
dance, des mots d'information successifs 6tant stockes sur le support
d'enregistrement d'une Decodieranordnung nach Anspruch 1 oder 2,   5
maniere repartie afin de permettre la correction dadurch gekennzeichnet,
dab die erwahnte Un-       d'erreurs en paquets, un mecanisme de detec-
gUltigmachung durch eine Unglltigkeitsmarkie-     tion etant egalement
prevu pour foumir des rung dargestellt wird.
signaux pointeurs pour des symboles sus- pects, ce dispositif de decodage
comprenant 5. Decodieranordnung nach elnem der AnsprUche   10     une
memoire (MEM) pour recuelilir tous les 1 bis 4, dadurch gekennzeichnet, dab
der er-       symboles d'un mot d'information et un el6ment wahnte
Spurverlustdetektor (38) auf ein Ver-       de correction d'erreurs (ERCO)
qui est alimen- schiebekommando fUr das Leseelement rea-           te par
la m~molre (MEM) afin d'ex~cuter, si giert.
necessaire et possible, jusqu'a un nombre 76      maximum predetermine de
corrections dans 6. Decodieranordnung nach Anspruch 5, dadurch          un
mot en utilisant les signaux pointeurs, et gekennzeichnet, daB durch Zahlen
der Anzahl        pour fournir un signal d'exces dans le cas dWun Spuren,
die von dem  Leseelement bis zum           nombre excessif d'erreurs, et
comprenant 6ga- "-S   Erreichen elner gewUnschten Spur durchquert
lement un 6l6ment de masquage pouvant 8tre wurden, die erwahnte
UngUltigmachung been-  20     activi s6lectivement (32) qui est alimente
par det wird.                                          I'element de
correction (ERGO) afin de d~sac- tiver, sous la commando du signal d'exces,
un 7. Decodieranordnung nach den AnsprUchen 1             symbole
d'utilisateur recu, presume irrepara- bis 6, dadurch gekennzeichnet, dafl
der er-        ble, sur une sortie d'utilisateur, caracterise en wahnte
Spurverlustdetektor (38) auf eonen vor-  25  ce qu'il est prdvu un
d6tecteur (38) pour de- Ubergehenden Spurverlust durch das Leseele-
tecter une perte de piste, form4 par un ele- ment in bezug auf eine
aktuelle Spur reagiert.     ment de lecture, et pour invalider, en reponse
a cola, une s6rie de symboles fournis par 8. Decodieranordnung nach einem
der Ansprlche          l'6l6ment de lecture pour une entree de la 1 bis 7,
dadurch gekennzeichnet, dafl die De-  30  m6moire (MEM), pour cr~er un
nombre accru codieranordnung zur Bildung elnes ungUltigen       d'erreurs
dans un mot d'information et pour Symboles ein Inversionselement fOr die
minde-     fournir, a la rdception d'un nombre suffisant de stens teilweise
Inversion eines empfangenen        symboles invalides, mesures ou
artificiels, ega- aktuellen Symboles enthalt.                        lement
le signal d'exces qui est valable pour 35      tous les symboles du mot en
question. 9. Decodieranordnung nach einem der AnsprUche 1 bis 8, dadurch
gekennzeichnet, dafl die De-  2. Dispositif de decodage pour un support
d'infor- "-,'  codieranordnung zur Bildung eines ungUltigen        mation
pourvu d'une configuration d'informa- Symboles einen Generator flr ein
Symbol mit       tion multipistes qui comprend de i'information festem Wert
umfalt.                       40       de protection contre los erreurs par
le fait qu'un premier mot d'information comprond, en 10. Ein Spieler mit
einer Decodieranordnung nach       plus des symboles d'utilisateur, des
premiers einem der AnsprOche 1 bis 9, und auch mit          symboles de
redondance, tous les symboles Positionierungsmitteln zur Positionierung
eines    d'un premier mot 6tant imbriqu6s parmi des Speichermediums,
Antriebsmitteln zum Antrei-  45   seconds mots avec une addition de seconds
ben des Speichermediums In Richtung einer          symboles de redondance,
le dispositif de d6- Spur entlang des erwahnten Leseelementes
codage comprenant une memoire (MEM) des- und Benutzeranpassungsmittel zur
Darstellung       tinee A recueillir tous les symboles d'un se- von
Benutzerinformation an elnem  Ausgang          cond mot, un premier 6lement
de correction der Decodieranordnung.                     50      d'erreurs
(ERCO) qui communique avec la md- moire (MEM) afin d'executer, si
ndcessaire et Revendlcatlons
possible, jusqu'A un nombre maximum pr6d6- termind de corrections dans un
second mot, et 1. Dispositif de d6codage pour un support d'enre-      de
caracteriser les symboles d'utilisateur et les gistrement pourvu d'une
configuration dOinfor-  65  premiers symboles de redondance du second
mation numerique multipistes qui comprend de       mot en question comme
etant suspects au l'information de protection contre les erreurs     moyen
d'un signal pointeur dans le cas d'un par le fait que chaque mot
d'information corn-     nombre excessif d'erreurs, la memoire (MEM) 11
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6tant a m8me de recevoir, apres desimbrica-         6l6ment d'inversion
pour l'inversion au moins tion, tous les symboles d'un premier mot, un
partielle d'un symbole en viguour regu. second 6lment de correction
d'erreurs corn- muniquant avec la memoire (MEM) 6tant prevu     9.
Dispositif de d6codage suivant l'une quelcon- afin d'executer, si
n6cessaire et possible, jus-   5  quo des revendications 1 a 8, caracterise
en qu'a un second nombre maximum pr6d6termi-           ce qu'il comprend un
generateur pour un sym- n6 de corrections dans un premier mot, en
bole de valeur fixe afin de former un symbole faisant usage des signaux
pointeurs, et do          invalide. fournir un signal d'exces dans le cas
d'un second nombre excessif d'errours, et compre-  lo  10. Lecteur
comprenant un dispositif de d6codage nant egalement un 6lement de masquage
acti-         suivant l'une quelconque des revendications 1 vable
selectivement (32) qui est aliment4 par       A 9 et comprenant 6galement
un moyen de le second 6lement de correction afin de desac-
positionnoment pour positionner un milieu de tiver, sous la commande du
signal d'excbs, un      stockage, un moyen d'entraihement pour en- symbole
d'utillsateur regu, mais perturb6 de  1t   tratner le milieu de stockage
dans le sons manibre Trreparable sur une sortie d'utilisateur,   d'une
piste le long de l'element de lecture, et caract6ris6 en ce qu'il est pr6vu
un d~tecteur      un moyen d'adaptation d'utilisateur pour pre- pour
detecter une perte de piste, forme par un      senter l'information
d'utilisateur sur une sortie 6l6ment de lecture, et pour invalider, en
repon-    du dispositif de decodage. so & cola, une sdrie de symboles
fournis par  20 I'6l6ment de lecture pour une entree de la memoire (MEM),
pour creer un nombre accru d'erreurs dans un premier mot de donn~es et pour
former, lors de la reception d'un nombre suffisant de symboles invalides,
egalement le  26 signal d'excbs. 3. Dispositif de decodage suivant la
revendication 1 ou 2, caracterise en ce que l'invalidation est reptfsent6e
par un symbole factice.        30 4. Dispositif de decodage suivant la
revendication 1 ou 2, caractdris6 en ce quo l'invalidation est represent6e
par un drapeau d'invalidit6. 35 6. Dispositif de decodage suivant l'une
quelcon- que des revendications 1 a 4, caracterise en ce que le detecteur
de perte de piste (38) r6agit a Lin ordre de d6placement pour l'616- ment
de lecture.                           40 6. Dispositif de decodage suivant
la revendication 5, caracterise en co que l'invalidatlon est ter- minee par
le comptage du nombre de pistes traversees par l'e6lment de lecture jusqu'a
ce   45 qu'une piste recherchde soit atteinte. 7. Dispositif de d6codage
suivant l'une quelcon- quo des revendications 1 a 6, caracterise on ce quo
le detecteur de perte de piste (38)  50 reagit a une perte temporaire de
piste par l6lment de lecture par rapport a une piste en vigueur. 8.
Dispositif de d6codage suivant l'une quelcon-   55 que des revendications 1
a 7, caract~ris6 en ce que pour la formation d'un symbole invall- de, le
dispositif de d6codage comprond un 12                      lllllIIU1l  ii
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