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A method and device for use with helical scan data recording by implementing a Reed-
Solomon product code, a unitary medium comprising such data, and a cassetts comprising
such medium.

FIELD OF THE INVENTION _

The invention relates to method for error protective data encoding for use
with rotary head helical scan tape-recording by providing a first wordwise Reed-Solomon
code along each recording track as being defined in first code words, and a second Reed-
Solomon code as being defined in second code words, said first and second Reed-Soiomon
codes collectively forming a product code format. Such 2 method has been considered in
John Watkinson, The Art of Digital Video, Butterworth Scientific, Borough Green, Kent,
UK, 1990, pp. 416-434. Although the helical scan technology has been specifically
developed for video, it is also applicabie to data recording as well as to0 audio recording.
Various common error patterns are the following:
® random errors, that have a limited average size that is not much larger than a symbol, so
that a random error does not directly influence the error protection mpabxlxty fora
neighbouring random error
® across-tape or lateral burst errors (Figure 4.2) that may be caused by mechanical parts
which extend across the tape; so that a kind of tape fold may occur
® helical burst errors (Figure 4.3) that are caused by the rotary head motion and therefore
make a small deviation angie with rcSpect to the tape motion
® longitudinal burst errors that may be caused by capstan deformations and the like, which
may cause a series of errors at uniform lateral positions.

The width of a burst region is generally small with respect 10 its length.
However, the width may be of the same ordex"-of magnitude or larger than the width of a
single storage track. ‘Now, the occurrence of a burst, once incorrectible or miscorrected, is
very degrading to the overall periormance of the system.

SUMMARY TO THE INVENTION |

- Accordingly, amongst other things, it is an object of the present invention
1o provide for a substantially uniform ilevel of error protection for all types of burst errors,
including lateral burst errors; against only a low overnead penaity, and independent of the
location of the burst. Now. according to one of its aspects, the invention is characterized by
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providing each second code word as a sequence of symbols across a plurality of macks, while
providing said symbols of a single second code word with substantially uniform
displacements between contiguous symbols both in a first direction parallel to a length of said
tape, and also in a second direction perpendicular to a length of said tape, each second code
word extending substantiaily along a length of said tracks associated to said recording.

| Herein, the term contiguous in a particular direction means the direct succession of the
projections of those symbols on an axis along the direction in question. Substantially uniform

displacements imply a restricted ratio between the maximum and minimum dispiacement
values, respectively. In the embodiments, this ratio is about 2 (Figure 6a), or everi quite

close 1o 1 (Figure 6), the choice depending on other storage requirements. Due to the fact

that in most cases only two layers of error correction codes need to be provided, the error
protectivity is sufficient at only a reasonable amount of overhead. In particular, because the
spacing berween symbols of the second code word is uniform in each of the two cited
directions, the load of both lateral and longitudinal error bursts is distributed substantially
uniformly over the pertaining second code words, which ‘provides near-optimum protectivity.
One solution is through appropriate cross-track shift of symbols within a reievant product
code block. This will provide for good distribution of the error protectivity, so that
overioading of this protectivity will occur only rarely.

In practice, the expression with "substantially uniform dxspiaéement between contiguous
symbols in a direction perpendicular to a iength of said tape"” means that such displacement

* has a single uniform vaiue when the position of the next symbol is on the next following

track. or the next preceding track. When the final track pertaining to the code word in
question has then been reached the next symbol jumps back 1o the track at the other side of
the bundie. According to the mvenuon such jump will not cause a forward jump that is
much larger than in the former case. Such much larger jump could have led indeed to an
uneven distribution of the error load. On the other hand the jump could be smalier or even
be a jump backward in the direction of the tape. The solutions of the invention will lead to
the excessively uneven distribution of the error load, supra. In the methodology as recited,
bursts or :-ratches in various direciions are coped with in an efficient manner by one and the
same pro:::ton system. The plumlity of tracks may be physically contiguous or not,

" depending on further requirements. Generally, if spawd the spacing would be uniform.

Advantageously, the method provides along a single track respective
symbols of a single second code word with substantially uniform displacements between
contiguous symbols. This is a further trick for load equalizing in the same sense as referred

(
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10 above. Clearly, such single track has only a fraction of all symbols of such second code

word. .

Advantageously, each first code word pertains to a contiguous succession
of symbols on an associated single track. This allows for a low-compiexity decoding with
low storage requirements for the first code encoding/decoding. On the other hand, the words
of the first code may be interieaved on their associated singie track.

Advantageously, said first and second Reed-Solomon codes are the
exclusive error protection codes on a storage system level. Due to the uncomplicated error
protection format, only low overhead is required for good error protection. Of course, apart
from the storage system level, cerain critical information may be protected on an application
layer level, but this latter protection would be transparent for the encoding and decoding
according to the present invention.

Advantageously, the method foresees for encoding auxiliary information
pertining to said plurality of tracks using similar formatting parameters as for said data, but
for shortening an area preserved for said auxiliary information through 2 uniform self-
interieaving among the second code words pertaining thereto. The reliable quality used for
the main data recording can now be used as well for audio or other information in parallel to

‘the video. Herein, similar formatting means adhering to the advantageous spacing of the code

words relative to the various types of error bursts (see the A,B bands in Figures 4, 6). Of
course, the lengths of the code words, as well as their numbers could be adapted to the size
of the available storage area. .

The invention also relates to an encodixig device. a decoding device, a
digital video recorder compi'ising an encoder or decoder according to the invention, to a
unitary storage medium loaded with the error protection format according to the invention, in
particular, but not exclusively, a magnetic tape, and to a digital video cassette loaded with
such unitary storage medium. Further advantageous aspectﬁ are recited in dependent Claims.

BRIEF DESCRIPTION OF THE DRAWING
. Now. these and other aspects and advantages of the invention will be
discussed hereinafter in detail with reference to the preferred embodiments, and in particular -
with reference to the appended drawing, wherein: |
Figure 1 schematically indicates the tape track disposition;
Figure 2 shows an exempiary track format sector arrangement;
_Figure 3 shows a scanner exampie;
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Figure 4 shows a first obde format according to the invention;

Figure 5 is an eniarged detail of Figure 4;

Figure 6 shows another code format according to the invention;

Figure 6a 'shows still another code format according to the invention;

Figure 6b shows still another code format according to the invention;

Figure 7 shows a device for use with the invention; '

Fxgure 8 shows a first variation on Figure 6;

Figure 9 shows a mo'nd variation on Figure 6.

DETAILED DISCLOSURE OF PREFERRED EMBODIMENTS _

Figure 1 schemarically indicates the tape wrack layout. Apart from the
digital storage of the information, the layout format may correspond to the well-known VHS
standard for anaiog video recording. During write and md_.qumions. the tape moves
horizontally with respect to the recorder head structure. Moreover, the rotary head rotates
which resuits in a componem in the vertical direction with respect to th’e tape in the Figure.
The two motions co_mbixie in that successive tracks, shown as slanting strips, are each
scanned by an associated head during a sweep that is jongitudinal with respect to the track.
For convenience, many details and different solutions regarding the scanning are ignored

- here. The siantmg angle may be about 6°. Each track contains a single series of contiguous

bits. With respect to a preferred embodiment for video recordmg, the digital storage format
should be backwards compatible to the well-known VHS standard. According to this
standard, successive tracks have their scanline synchronization pulses aligned in the cross-
track direction, which dictates a longitudinal offset bétwee_n scan-lines on contiguous tracks.
This will avoid interference caused by a synchronization pulse of a track on the video signal
of an adjacent track: this interference would otherwise be caused by a less than infinite
electrical signal separation berween adjacent tracks. For digital video recording, this inter-
track synchronizing preferably means that on adjacent tracks, respective MPEG data
packages should be aligned as well. _ ' _

Figure 2 shows an exemplary wack format sector arrangement. Alonv the
sunmng motion of the head, the sequence is margin, 2625 bits, preambie, 875 bits,
auxiliary information, 24500 bits, postambie, 1750 bits, edx-t gap, 1750 bits, preamble, 875

~ bits, main information, 269500 bits, postamble, 1750 bits, and margm 2625 bits. The total

amount of information is 306250 bits per track. The lengths of the various parts as drawn
along the track are not true to scale. The physml slant of a track is 5.93538°, the width of a
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track is 0.029 mm, and the length of the part 'main’ is 84.7 mm. Hereinafter, only the part
main contains the video data. The part aux contains other data, such as audio. In the
embodiment, the error protectivity of the video is based on a series of tweive contiguous
tracks. The error protectivity for the audio is based on the same principles as that of the

" video, but with different parameter values. One particular property of the audio format may

be that a single video channel is accompanied by two audio channels in parallel. This may
mean that six contiguous tracks in the audio part would contain one audio block, that could
be subject to separate editing from the other audio channel of the same video block as well as
of the adjacent video block. For brevity, the audio format will not be considered in detail |
hereinafter. The other parts of the storage accommodate various operational delays of the

* hardware and often, do not need the high-level error protection according to the present

Figure 3 shows a scanner example. In the recorder, the tape is wrapped
over about 180° of the drum of 62 mm diameter. The lead angie gives the slanting
orientation of the drum with respect to the tape. Due to the motion of the tape with respect to
the drum, the effective siant angie of the tracks is a few percent different from the slanting
orientation of the drum. As indicated, the drum carries four different heads that access two
tape tracks at a time, four tracks per full rotation. | .

Figure 4 shows a first code format. The code is a product code based on
shortened Reed-Solomon codes defined over the Galois Field GF(256). The Figure shows a
series of twelve tracks, of which the information forms twelve respective product code
blocks. of which only a singie one has been highlighted by darkening. For clarity of the
Figure, the slant angie of the tracks has been increased to nearly 90°, which however has no
influence on the lateral coordinates of the various symbols with respect to the tape. Now,
each word of the first or C1 code is disposed longitudinaily along a single track: each dark
block indicates the length of a single 205 byte error protected C1 code word which is
separated from the next dark block by 11 further C1 code word positions shown in white.
Each dark block furthermore contains five system bytes (sync/ident) not considered further
for brevity. The number of C1 code words on a single track is 154. Now, the second or C2
code words pcnammg to the dafk C1 code words are disposed along the staggered positions

"of the dark blocks shown. In consequence, the array of dark blocks represents 205 C2 code
- words of 154 bytes each, that together form a single comprehensive product code block. The

white code words in similar fashion are grouped into 11 further product code blocks. The
total number of bytes on the tape section shown is therefore equal to 205X154X12. The
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minimum distance of the C1 code is 12, the minimum distance of the C2 code is 14. The
error protection overhead for C1+C2 is about 15%, which was found accepeable, both for
the object of attaining a favourable data rate, and for realizing a simple two-ievel decoding
strategy. Indeed, according to the mvennon no further error protection was deemed necessary

on the level of the storage sysmem
Fxgurestanexﬂargeddcmlofapanofogure4 mththedarkblocks

_.ofogure4nowshownascroswdblocks Onuacklxtxstheﬁrstblock,onuackzme

second, and so on, until the twelfth on track 12. The next block of this same product code
format then is the 13th on track 1. So the cross-track shift of each next block, and aiso of
each next symbol in a C2 code word, is one track, modulo the number of tracks in the block,
12. Therefore, the C2 code words extend virtually over the full track part that is used for the
type of data consxdered here (video versus audlo) |

“The error correcnon capability has been found sufficient for random
errors, for longitudinal burst errors, as well as for in-track burst errors. This is shown in -
Figure 4 where band A symbolizes the region of a longitudinal burst error stip. Band A runs
exactly parallel to the tape edge, and a.lso:p_amllel to the ends of the Successive tracks. This
means that the counterclockwise rotation of the tracks to regain their real orientation always
keeps this band paraliel to the edge of the tape. Moreover, shifting of this band across the
tape will always cause a uniform intersection pattern with respect to the succession of dark
blocks: regardiess of the lateral position, always about four of the dark blocks will lie inside
a band. Of course, this number is proportional to the width of the burst. The dniformity of
the intersection pattern ensures the best spread of the errors over the protectivity that can be

(

attained with the given amount of redundancy. _

The error protection against lateral burst errors is non-uniform, however.
This is shown in Figure 4 by band B, which is not fully parallel to the tape edge, but has a
small inclination. In the Figure, the inclination angle appears to be a few degrees only (say
5°), but due to the clockwise rotation of the tracks, combined with the change of their
lengths relative to the ‘tape width, thé real inclination of this error band B is nearly exactly
orthogonal to the longitudinal direction of the tape, Therefore. this band corresponds to the

position of a lateral error burst. Now, in the situation shown, error band B.does not touch

the C2 code words represented by the dark blocks, but only C2 words present in the white

area. The same would apply for all bands that have a2 smaller width inside band B as shown.
Such smaller width is quite E:ommon. The situation shown implies that the error performance
of the various C2 code words is often taxed by lateral burst errors in a non-uniform manner:
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_either not at all, or quite heavily. Such concentrating the error pattern on a fraction of the

code words gives less than the optimum protectivity, inasmuch as the burden is imperfectly
shared among the C2 code words. Note that in the Figure, band B may be shifted parallel to
itself, while still retaining its near orthogonality with respect to the 'real’ tape length. Note
also that the same problem will occur if the orientation of band B varies a little bit, so that
the same problem could occur over a rather wide range of inclinations of the error burst with
respect to the tape length. : R

In this respect, Figure 6 shows another code format according to the
invention. Now, the same dark blocks of Figure 4 have been randomized more over the area
shown. One method to realize this is to rotate the even numbered tracks over haif the track
width of the overall block, therefore over.6 tracks. This corresponds to a cross-track shift of
each next symbol of a code word by 7 (seven) tracks. In Figure 5, the first six blocks of this
amended product code format have been shown hatched.l Again the same two error bands A,

B of Figure 4 have been shown in Figure 6, proving that for both these bands the errors are

now distributed more uniformly over the various C2 code words. The reason is that the
uniformly shifted positions of the dark blocks in Figure 4 had the effect of a series of
theatrical side-wings or shutters that are transmissive in cerain directions, but opaque in

~ others, at least one of these directions representing an often occurring burst error pattern. In

practice, the randomizing must be done in a systematic way as exemplified in Figure 6. The
Figure realizes indeed a minimum symbol-to-symbol dispiacement in a direction
perpendicular to the length of the tape. In the situation shown, this aiso realizes minimum
codeword-to-codeword displacement in a direction perpendicular to the tape length of the C2
code. '

| According to the foregoing, the cross-track shift of the C2 code words has
uniform vaiues +1 in Figure 4, and +7 in Figure 6. The further Figures give other
possibilities that are slightly worse than Figure 6, but better than Figure 4. Here, the cross-

~ track shifts are respectively:

30

a. 445445445445 (nonuniforrn): Figuré 8 shows this first variation on Figure 6;

b. 555555555555 (uniform): Figure 9 shows this second variation on Figure 6.

Many other combinations fall within the scope of the present invention. These and other
shifts between successive code symbols can be expressed as well in other ways as rotations
of the separate tracks along their respective lengths. Ceriain ones of these rotations, from
their part, cannot be so easily expressed in the formalism according to the above, but would
still fall within the scope and object of the present invention. | |
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Figure 6a shows still another code format according to the invention. Here
the number of tracks pertaining to a particular C2 code word is only six. This lowering of
the number of tracks diminishes the storage requirements in the recorder, that would be
necessary for encoding and decoding, xupecuvely Again, the cross-rack shift has been
chosen relatively prime to the number of tracks. A number of five was found as optimum.
This causes an apparent *staircase® pattern-in the opposite direction compared with Figure 4.
In contradistinction 10 Figure 4, there is no B-type grap between successive staircases.
Successive staircases do rather overiap, in that the first symbol of a next staircase Iies
betweenxhelasttwosmrsofﬂxepmvmusmm Evenso,mxsprovxdesforamoreevm
sharing of the error burden from a cross-track burst among various C2 codewords. '

Hereinafter, .the code format is briefly explicited in formulae for better
understanding. The so-called inner code is restricted to a single track, without mteriuvmg as

follows:-
one inner code word is made of following symbols.

Codeword(t,s) = Y~ Data,, 4 x X106
-- = :

(t= 0. 5, s=0. 335)
where: Datz,,,,d means a symbol whxch posmun is track number' t, sync block number: s,
and data byte number: d.

Last 8 symbols (d=99..106) are panty

This equation mdxcaxes the i mner codeword whxch posmon is rack

number: t and sync block numbers: s.
Generator pol?nomial for inner error correcting code is as follows.

7
G = I x+a)
i=0 .

On the other hand, the outer code is interieaved among six tracks, as

follows:

One outer codeword is made of following symbols

111

© Codeword(t,s,d) = ¥ Data ¢ x XA

i=0

(t=0..5, $=0..2, d=0..98)
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" where: thevanablexmeanstheorderofsymbolsmmecodeword

= (t + 5 x i) mod6 -
S=s+3xi
D=d
Datay g ry means a symbol which position is track number: T, sync block humber: S, and
data byte number: D. | -
Last 10 symbols (i=102..111) are parity. o
This' equation indicates the outer codeword which the first symbol position is track number:
t, sync block number: s, and data byte number: d.
Generator polynomial for outer error correcting code is as follows.
9
GX =T X+’
0
By way of variation, Figure 6a also shows a composite format. The code
as discussed supra is present in block 52. The band at indication 54 shows the sequence of
the one product code block that is highlighted as being projected perpendiculariy to the track
direction. The displacement between successive C1 code words has either singie or double
Furthermore, the biock shown at indication 50 may be superposed on a
part of block 52; in the embodiment, it could cover less than 10% thereof. In such case, the
symbols of block 52 to be covered by block 50, are identically set to zero. This does not

destroy the format of the original code. The additional information of block 50 can relate to

non-video data. This format of block 50 has been shown eniarged in Figure 6b. As shown it
could also pertain to the part AUX in Figure 2: this would obviate the need for the above
superposing. Now, the number of tracks is again equal to six, whereas the scale of the
Figure has been enlarged in both directions by a factor of three. The black rectangies have
uniform sizes, which correspond to those of Fxgures 6, 6a. The seemmgly greater width
when touching the edges of the tape section is an aneract from the drawmg software. For the
part AUX, the storage requirements are about a factor of ten smaller than those for the part
MAIN. In consequence, a shorter C2 codeword was chosen at a length of 46 symbols and
the distance between successive dark blocks on a single track equal to only two such blocks.
Therefore, the width of the white areas is equal to twice the width of the black areas. The
format has been realized by providing the same displacements as in Figure 62, accompanied

'Dy interieaving the format amongst itself. Thus, the format of Figure 6b is attained by
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putting further “staircases” between the “staircases” of Figure 6a, for collectively bringing
the number of symbols of a single C2 word to the intended level. Just as was the case with
Figure 6a, the load distribution for cross-track error burst will be shared evenly among the
various C2 code words. | |
In correspondence to the video part in Figure 6a, the additional code
format can be given as follows, for the inner code that is restricted to one single track:
One inner codeword is made of following symbolis.
’ 106 o
Codeword(t,s) = Y Data, 4 X106
d=0 - '

(t=0..55, s=0..22)
where: Data, ; 4 means a symbol which position is track number: t, sync block number: s,

and data byte number: d.

‘Last 8 symbols (d=99..106) are parity.

Ttns equation indicates the inner codeword which position is track number: t and sync block

number: s. . .
Generator poiynomial for inner error correcting code is as follows.

;
G =J] & + o)
: i=)

On the othc__r _hond. the outer code is interieaved among six racks, as

. follows:

20

One outer codeword is made of following symbols.

45

-"_Codeword(t d) = }: Data-r sp X X4

(t=0..2, d=0. 98)

where: the vanable i means the order of svmbols in the codeword
= (t + 3 p (xmodZ) +5x mt(x/2))mod6

§ = int(i/2)

De=d

Datay ¢ D mans a symbol whxch posmon is u'a.ck number T, svnc block number: S. and
data bvte number D. '

I.ast 10 svmbols (z==36 45) are pamy
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This equation indicates the outer codeword which the first symbol position
is track number: t, sync biock number: 0, and data byte number: d.

" Generator polynomial for outer érror correcting code is as follows.

7
6o =] & + o)
i=0

Figure 7 shows a device for use with the invention. In this first
embodiment, the device would cope with decoding the format of Figures 4 or 6. The format
of Figure 6a could do with less required storage, and would also be able to decode the AUX
format of Figure 6b as well.

Various electromechanical subsystems have been omitted for clarity. Upon
accessing of tape 20 either for reading or for writing, the latter is driven by a motor not
shown. Drum 22 is rotated around its axis 24, and provided with a detection mechanism 26
that provides a synchronizing signal at full tumn intervais. First, the read operations will be
described. Interconnection 28 carries the data signals from the four heads. Multipiexer block
30 under synchronization by the puises on line 26 interconnects the proper head output to the
C1 word decoder 32. The C1 decoder first comprises an analog part that synchronizes to
preamble pr2 in Figure 2, in this way effecting the extracting of the encoded bit stream from
the raw tape signal. Next, for each C1 code word the syndrome symbois are calculated by
means of conventional matrix multiplications. When non-zero syndrome symbols indicate an
error pattern, decoder 32 undertakes an error correction. To this effect, decoder 32
comprises a sufficient amount of intermediate Smmge capacity not shown. Almost
universaliy, this will aliow 10 calculate random errors. If burst errors occur, this will
generally lead to the detecting and flagging of an incorrectible error pattern. Subsequently,
demultipiexer 34 by way of interconnection pattern 36 assigns the symbols of each C1 code |
word to one of the 12 RAM sectors in RAM 38, that is assigned to the associated a single
product co&e block. The RAM sector may in consequence come to contain all dark blocks
shown in Figure 4. Multiplexer 42 thereupon forwards the contents of each respective C2
code v)ord to decoder 44 that may output the information after correction via output 46.
RAM 38 should accommodate the content of twelve full storage tracks to éllov-v for the fullest
flexibility in the error correction. During execution of the error correction, the RAM shouid
already start inputting of the next twelve tracks, and also continue outputting of the preceding
twelve tracks. In practice, the inventors have found that a capacity for about 17 tracks would
be sufficient, if combined with a raised access frequency for the error correction as
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compared with the access frequency for the write-in from the tape or the read-out to the

user. In an enhanced decoder, various higher level strategies may be unplememed such as

rerouting after the undertakings in decoder 44 the not yet fully decoded information back to

the decoder part of block 32. However, this would not necessitate a higher storage capacity.
5 The decoding of the parts ‘main’ and "aux’ in Figure 2 may.be effected in substantiaily the

same way, be it that the format of the product code blocks is different. For encoding, the

process is effected substantially the other way round. Therefore, block 44 corresponds to an

encoder, block 42 to a demultiplexer, block 34 to a multipiexer, block 32 to an encoder, and

* block 30 to a demuitipiexer.
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. A method for error protective data encoding for ise with rotary head
helical scan tape-recording by providing a first wordwise Reed-Solomon code along each
recording track as being defined in first code words, and a second Reed-Solomon code as
being defined in second code words, said first and second Resd-Solomon codes collectively
forming a product code format, characterized by providing each second code word as a
sequence of symbols across a piurality of tracks, while providing said symbols of a singie
second code word with substantially uniform displacements between contigiious symbols both
in a first direction parallel to a length of said tape, and also in a second direction
perpendicular to a length of said tape, each second code word extending substantially along a
length of said tracks associated to said recording.

2. A method as ciaimed in Claim 1, wherein said plurality of tracks are
contiguous tracks. ' '
3. A method as claimed in Claims 1 or 2, while providing along a single

. track respective symbols of a single second code word with substantially uniform

displacements between contiguous symbols. |

4, A method as claimed in Claim 1, 2 or 3, whilst providing said symbols
along said sequence with a uniform synibol-to-symbol cross-track shift that is relatively
prime to a value of said plurality. | |

5. A method as claimed in any of Claims ! to 4, for recording video
mfonnauon, wherein said umform cross-track shift is uniform among all second code words
6. A method as claimed in Claim 4, wherein said cross-track shift is greater
than one and calculated modulo the value of said plurality.

7 A method as ciaimed in Claim 6. wherein said cross-track shift is one

lower than the value of said plurality.

8. A method as ciaxmed in any Claim 1 to 6, wherein each first code word
pertains 10a contiguous succession of symbols on an associated smgle track.

9. " A method as claimed in Claim 7, wherein within a single track successive
first code words are cyclically assigned to respective product code blocks with a cycle length
that is equat to the value of said plurality.
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10. A method as claimed in any of Claims:1 to 8, wherein said first and
- second Reed-Solomon codes.are the exciusive error protection codes on a storage system
level. _
11. - A method as claimed in any of Claims 1 to 10, whilst for encoding

auxiliary informarion perining to said plurality of tracks using similar formaring

parameters as for said data, butforshonenmganampreserved for said auxiliary

_information through a unnoxm self-interieaving among the second code words penammg

12. A device for error protecnve encodxng accordmg to a method as claimed
in any of Claxms 1 to 11, having an output for feeding a rotary head for hehcal scan track-

wise recording by providing a first wordwise Rwd-Solomon code along 2 recording track ‘

defined in first code words and a second Reed-Solomon code defined in second code words,

said first and second Reed-Solomon codes collect_ivgly rormmg a product code format,

- characterized in that said device has encoder means for e_ncoding each said second code word

as a sequence of symbols across a plurality of tracks, and having disposing means for
disposing in said sequence said symbols with a substantially uniform symbol-to-symbol
displacement both in a first direction parallel to a length of said tape, and in a second
direction perpendicular to a length of said tape, and having extending means for extending
each second code word to a size substantiaily equal to a length of said tracks assocxawd to

said recording.

13. A device as claimed in Cla;m 12, wnerem said disposing means are
arranged for disposing aiong a singie track the svmnols of a singie second code word with
substantially uniform displacements between conuguous symbols thereof.

14. A device as ciaimed in Claim 12 or 13. for use in recordmv ‘video
informarion, wherein said disposing means are ananged for disposing said symbols along
said sequence with a uniform cross-track shift that is relatively prime to a value of said

15. A device as claimed in Claim 14, wherein said uniform cross-traci shift is

greater than one and calculated modulo the vaiue of said nluralitv
16. A device as ciaimed in any of Claxms 12 to 15. wnercm said encoder

within a single track assigns symbols cyclically to resnecuve nroauct code blocks with a

cycle length that is equal to the number in said plurality.
17. A device as claimed in any of Claims 12 to 16. and having 'se.c_ondary

- encoding means for encoding auxiliary information pertaining to said piurality of tracks using
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similar formatting parameters as for said daia, but for shortening an area preserved fbrsaid
auxiliary information through a uniform self-interieaving among the second code words,
pertaining thereto, _

18. A device for error protective decoding of digital video data having an
input for connecting to a rotary head for helical scan track-wise scanning tape information
that is protected by a first wordwise Reed-Solomon code along a recording wack defined in
first code words and 2 second Reed-Solomon code defined in second code words, said first
and second Reed-Solomon codes coilectively forming a product code format, characterized in
that said device has decoder means for decoding each said second code word as a sequence
of symbols disposed across a plurality of tracks, whilst reading said symbois of a singie
second code word with a uniform symbol-to-symbol displacements between contiguous

- symbols both in a first direction parallel to a length of said tape, and aiso in a second

direction perpendicular to a length of said tape, and reading each second code word along an
extension substantially equal to a length of said tracks associated to said digital video data.

19, A digital video recorder comprising a device as claimed in any of Claims
12 10 18. |
20. A unitary storage medium having data stored thereon that has been

encoded according to a method as claimed in any of Claims 1 to 10. _
21. A digital video cassette comprising a medium as claimed in Claim 20.



