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A:met hod and waydepes7sor use with helical scan data recordi ng pegrismbesgnt ng
a Reed- Sol onmon pr.oduct code, a unitarly nmedi um conprising such data.
and a cassete conpri sing such medi um - FI ELD OF THE | NVENTI ON

The inventi ok methad amd devicesfob se Wwith HRlicdlrsci Gite dedording By AmPRaRaiing a Red-Use
with rotary ad helical scan tape-regording by providing a first  wordw se
Reed- Sol onp idmon PRogiyer cadsng “@ﬁw 'PQVW&WMM(?%& gassetteccomprising

first code vgeklmeditiagl @ second Reed- 5 Sol onon code as being defined in
second code words, said first and second Reed- Sol onon codes
collectively form ng a product code format. Such a method has been
considered in . John Watkinson, The Art of Digital Video, Butterworh
Scientific, Borough Geen, Kent, UK, 1990, pp.’ 416434. Al though the
hel i cal scarFIEEDNOB| THE INVENTION speci fical ly devel oped for video, it

is also applicable to da Jecording as well as to audio recording. 10 -
Vari ous common error pat tﬂ*‘r@"%"@nt &9 meiod for error protective datacancading faruse

have a |'ini tigh Aayeed held@l tOAt rd&deixﬁ" {3 Wérd %Eb@g.
that a random error does not di r%%etsl y In ﬁ%ﬁﬁ?ﬁ aer ror p% ecrl O%?omon
capabi | ity fede along eachrerondingutrackoasrbeinghdefineddn first codé words) and 2aecondReed-
latral burs r Ei hat e caused nechani cgl parts 15
whi ch exgén ﬁu?%s%d r?éq’gé‘ge‘éﬁé%" Ph%‘”?%?‘% d“B%st ﬁ'b%%mﬁ ngiqgﬂ-smomom
heli cal bur sbdssrooliectively forming’a Plodiktedods fornmtuSEsh Dihettion Hal ban/ cdiBreAGL | ON
and t her ef Oflghn . . . . .
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 aiso applicabie to data recording as well as o0 audio recording. -
10 Various common error patterns are the following:

| -1

® 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 mpébility fora
neighbouring random error '

® across-tape or lateral burst errors (Figure 4.2) that may be caused by mechanical parts

15  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.

20 : : 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

B
w

to provide for a substantially uniform level of error protection for all types of burst errors,
including lateral burst errors, against only a low overhead penalty, and independent of the
location of the burst. Now. according to one of its aspects. the invention is characterized by
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symbol s pSipiabemsis IRl wyeitcltd saflh Booween i By 454 i Gisplacemens 3.
and al so ivalues, yespectivety.1acheé moamadmi-mo rsmtlzemg&}e%) St ebert glife €ach
SeconleCOdI%se to 1 (Figure 6), the choice depending on other stofage requirements. Due 1o 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
15 uniformly over the pertining 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 dispiaéement between contiguous
20 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
25 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 directions are coped with in an efficient manner by one and the
30 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 symbbls. This is a further trick for load equahzmg in the same sense as referred
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20 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
25 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 i invention will be

30 discussed heremaﬁer 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 exemplary track format sector arrangement;
_Figure 3 shows a scanner exampie;
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through a uniform sel fFigure 1 schematically indicates the tape track layout. Apart from the

digital storage of the information, the layout forn_xat may correspond to the well-known VHS '

stan'dafd for analog video récording'; Duﬁng write and: md_.qumions. the tape moves
horizontally with respect to the recorder head structure. Moreover, the rotary head rotates
15 which results in a component in the vertical direction with respect to the 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
20 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
25 of an adjacent track: this interference would otherwise be caused by a less than infinite
electrical signal separation betweén 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 track format sector arrangement. Along the
30 swlmng 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 paris as drawn
along the track are not true to scale. The physxcal slant of a track is 5.93538°, the width of a
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- 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

15 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

20 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,

25 each word of the first or C1 code is disposed longitudinally 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

30 code words pcnammg to the dark C1 code words are disposed along the staggered positions
"of the dark blocks shown. In co.nsequence. 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



4 Figure 4 shows a first code format according to

the invention, Figure 5 is an enlarged detail of
Figure 4; wo096/20474 Figure 6 shows anot her costErnBos/o36
according to the invention, 6 Figure 6a shows still

anot her code format according to the invention; 5
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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

20 blocks: regardliess 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
atained with the given amount of redundancy. | o |
_ The error protection against lateral burst errors is non-uniform, however.
25 This is shown in Figure 4 by band B, which is not fully paraliel 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
30 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 a smaller width inside band B as shown.
Such smaller width is quite E:ommon. The situation shown implies that the error perfonnaixce
of the various C2 code words is often taxed by lateral burst errors in a non-uniform manner:
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amended product code format have been shown hatched. 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

15 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

20 Figure realizes indeed a minimum symbol-to-symbol displacement 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

25 uniform values +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: |
a. 445445445445 (nonuniform): Figuré 8 shows this first variation on Figure 6;
b. 555555555555 (uniform): Figure 9 shows this second variation on Figure 6.

30 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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formlg %w?‘c?&‘uct code bl ock. The V\/m te code words

in sinlar fashl on af‘@ grouped into 11 further product code bl ocks. The
total nunber of bytes on the tape section shown is therefore equal to
205X154X12= 0Thes=0. 335)

where:. Datz,,,,,, means a symbol whxch posmon is track number' t, sync block number: s,
and data byte number: d.
Last 8 symbols (d=99..106) are panty

20 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
25 follows: | | |
" One outer codeword is made of following symbois

_ 111
~ Codeword(t,s,d) = ¥ Data rgp x X119
i=0 ;

(t=0..5, $=0..2, d=0..98)



6 - mnimum di stance of the d code is 12, the mni num di stance of the
C2 code is 14. The error protection overhead for O +C2 is about 15%
whi ch was fowol9eeent abl e, both for t he obj ect of attrOVIBFSP1I36
favourable data rate, and for realizing a sgnple two-level decoding
strategy. |Indeed, according to the invention no further error protection
was- deened FRERS §idl variab qﬂan St tem

Figure 5 is an eE‘I%argedéd;et al q‘(’)éf a pg?tgy%t?&fz%urgggﬁeﬁ%ath t he dark bl ocks
of Figure 4Trmt $h8uni) Mod6rossed bl ocks. On track 1 it is the first block,
on track 2 ghg +3 .second, and so on; until the twelfth on track 12. The

next bl ock of th| S Sane product code format then is the 13th on track
1. So the cbossdtrack shift of each next block, and also of 10 each next
synbol |9 aDCZ code word, i.s_one track rmdulo t he nunber of tracks in the
bl ock, z.s.nm%%%anl i5.5rak ngmber; T5\Ayre black yrumber: S, lagd
full track Mbyéhﬂhbb?’ psed for the . type_ of data considered here

(video versus au IOZJQ’Q The error correction
capabi | i t y kast 10 symbols (ire102,111 )  arerparitysr - r andom errors, for"

choan' 1o " aif BiclioR h8ihes 82 olbklooBBu il L ke BUTARL SEHH N ot e

burst errort, synci flockbmnnbek: s data bytearuibet:yd.paral l el to the tape edge, and

al so patallel to the ,ends of the successive tracks, This means t hat
t he coumercl ockwi sdSFTaIes Pol T{QUIEE |ETTOF GOTTeRRng Fode ds as follows.
orientation al vvay keeps this band parallel to the edge of the tape.
Mor eover, 3 ?I s band across the . tape will always cause a
uniforminte pattern with respect to the succession of dark 20

bl ocks: regardl ess of the lateral position, always about four of the dark

bl ocks will li-e inside . X L
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
15  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
20 destroy the format of the original code. The additional information of block 50 can refate 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
25 uniform sizes, which correspond to those of Figures 6, 6a. The seemingly greater width
when touching the edges of the tape section is an an;fact from the drawihg 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.
- 30 Therefore, the width of the white areas is equal to twice the width of the biack 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



~

a band. O course, this nunber is proportional to the width of the burst.

The uniformty of the intersection pattern ensures the best spread of
t he errors woesee protectivity that can be . att ai ned periiBodidig3601 Ven
anount of redundancy. 10 The error protection against

| ateral burst errors is non-uniform however. 25 This is shown in Figure 4

" by band Bp‘mgq}anhgr J}%ﬁé“k sdnq?;ég %u’@
smal | inclFination. In the Fi gure, Hte I nclinatio ang?e appears tongémﬁ few

degr ees orthe/mémober of symbﬁ[smfra]gmglbm word tothe intended devel.slust as: was the case witie

i dh: nd PR e ioee SRR for olipick ey g el b iy eyl e ' °°°

 ort hogonalyatieus OF cb&swoidddi nal direction of the tape. Therefore th| s band

corresponds to the 30 position of a Iateral error_burst. in the
si tuatidon shown, error Ibgerespopdsace ) ‘Gﬁ%‘h!’aﬂm Figues 6 Gd,d‘

;fg;eﬁﬂteti%%gf gﬁ%ﬁk&ﬁé‘rﬁ g&ﬁbgﬂ?g ﬁ%t ave a snmaller sylmg%t nS| de

band B athomercodeworsutmadmflfQilowgismbds.qw te common. The situation
shown |rrpI|es t hat the rror per f or mance ~of the various C2 code words

|s often bur st rs in a non-uniform manner:
o COHEForts) &t 5| Dillye K060

I'te heavily. Such concentrating the error E
pattern on a fractlon"G? the code words gives |less than the optinmum
protectivity, inasnmuch as the burden is inperfectly - shared anong-t he
C2 code wt=d:.55N\s+=6..220at in the Figure, band B nay be shifted parallel to

55 o, . e £ PG S SRR e o BRBE B L €
orientati gii @ita Bpechubhbéprrd.es a little bit, so that '
‘Last 8 symbols (d=99..106) are parity. o
This equation indicates the inner codeword which position is track number: t and sync block
number: s. _
15 Generator poiynomial for inner error correcting code is as follows.

;
G =] & +a)
: i)

On the othe__r _hand. the outer code is interieaved among six mks; as
~ follows:
One outer codeword is made of following symbols.

_ 45 _
20 Codeword(t,d) = }: Data-r SD X x<45 -

(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)
25 D=d

,.Data-, SD means a symbol whxch posmon is n-a.ck number T, svnc block number: S. and
data bvte number D '

I.ast 10 svmbols (z==36 45) are pamy



the sane problem could occur over a rather w de range of inclinations of
the -error burst with respect to the tape length.

Incthis respeswoodriogry € 6 shows another code format according Iﬁﬂ'@t&io

i nvention. Now, the sane .dark bl ocks of Figyre 4 have been randonz 41 ¥or e
over the area 10 shown. One nethod to realize this is to rotate the even

nunber ed tacks over hal foat.he tr . ] ) | dlock -

t herefore over 6 tracks.ﬂ_&%@ﬁ&%ﬁd&%%%@%hgﬁ&symbol position
each next dyrfack nomber: epsimc\ilock symbery( 6 camidata byselimben: &ti gure 5, the first
si X blocks of this anended product cpde fornmat _have been shown

hat ched. AMM&“%W&HHM“S code igay,folloWws,;re 4 have been
shown in Figure 69 proving that for both these bands the errors are 15 now

di stri but edG(’Brg i(jrogrgi over the various C2 code words. The reason is
that the uniggormy shifted positions of the dark blocks in Figure 4

had the effect of a series of theatrical side-wings or shutters that
are transm ssive in certain directions, but opaque, in . others, at |east
one of tthese directions Elwésmsr@%%ﬁm-vggﬁvm@m% this figst

pattern. | ; i QL | &g,dmgs!?,‘ RSP e F esnd | y
as exenpl i ?P&?“ﬁ%ﬁ%‘tﬁr‘%ﬁ?%&%@ Fi ggre rea Flzfes | %ggiegc]ilrg %xﬁlknmé Formif!
synbol - t 0- ©f Figire da cpuldcdowith léss requiredestorage; and would: alse beiablel tardetadet the AUX

| engt h of thetm. In the si,fuation shown. this also realizes mninmm
code\/\ord-té‘-’m PRPTG | ;ﬂsa nt in a direction perpendicular to the tape

length of the C2 COfiRious electromechanical subsystems have®ees Omitged! for tlafity. Upon
foregmﬂg, the cross-track shift of the C2 code words has_ 25 uniform

val ues Y0 jagcessig o tape 2ither; forrepding, o foy. wikHeg. (s {aker 1sHiriNendy Hmpwr doher
possi bi 11 1 ishgwh NBlurd B9 i$ rdidish 'ahﬁ@ri&eaﬁi‘m ﬁhgﬁ&bﬁd& thﬂta dMdckibh nielfithidmh 96" ©
4. Here, the cross- track shifts are respectively: a.
44544544544t pnavidesi & synchronizing signad at fahurn igtervalsy Firsty ahs read operationsi wilk ke 6;

5. 30 vany SaeDed lrsPinbern, 24 imids BE da bt BERERE A helbl. M fiBieeCbiof
i nventi on. 3Dhmdeér synthhization by thesprildsoniivia/ B interosrmects ime%@pekehe“ﬁ Rt to-the

be expressed as well in _other ways as_rotatiqns of e separate tracks

2 ong. tHoT Clr BeTeReder Toorerfs] GREDUEE P SAREES a0 ABalog FaTRa SHBCrpaam o
- 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

20 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,
demuitipiexer 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

25 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 should

30 aiready 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



their part, cannot be so easily expressed in the formalismaccording to the -
above, but woul d still fall within the scope and obj ect of the present
i nvention. WO 96/20474 PCT/IBYS/01136 S
Figure 6a shows stll another code formatygccording to the invention. Here
t he nunber of tracks perta| ning to a paricular C2 code word is only six.

This | o mdfrﬂ?n
r equi renewwle recorcieri tEat V\u/})éulﬁél;llfes -' rthé%sessary Igraggntg%dl ng
and decodissr, Inransqs:hanaeddewdengmus higher leyekstrategies may be implempated, sugh 8hosen

oty Rerding e i Bk 1 b 63 o R i et e B

di recti onhe waﬂax’t\fof bidck 32! Hodvever, this IWbuId)Mtrntdessm athigher swrdge gaparity.

St ¢ che cBhaspcpding oF 1oL AR it A AR O SIS 556 oot i SRESTRIN s

)

l1es t\wff%etxh&at el fobet oFtthé Eﬁ:dﬁf:t édae mwm:ei Férodgodif, e SO
this provi o) nore even 10 aring of the error burden froma

Cross- t r grbcdssiisseffestad-sybstantially sheother, way souns. Therefore, block 44 corresponds to an
Her ei nafter t h t
Undor ot aifFosE: Bingk 43 5 3 SBbnudrlensf. ot o 18 syl oloB 4235 ah Bhoc, ot

wi t hout |M3@@V¢ demadltipiexer. fol | ows: one inner code word

is made of follow ng synbols. 15 Codeword(t s) = [err] Datalerr] xXerr]

(



[err] (t =0..5 s=0.335) where: Data[err] means a synbol which
position is track nunber: t, sync block nunber: s, and data byte '
nuwber: d. wolee20478 synbol s (d=99..106) are parity. 20 95/01136
This equation indicates the inner codeword ich position is trac’?
nunber: t and sync bl ock nunbers: s. erator polynom al for inner

error correc ode is as foll ows. 7 G X)- = Jerr]
(X+[err]) W ' On the ot her hand, the outer code is

R T I SR
[err] ~ (t=0..5, s=0..2, d=0..98) * ¢ L M s =

. 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 Reed-Solomon codes collectively
5 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

10 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

15 displacements between contiguous symbols.
4. A method as claxmcd in Claim 1, 2 or 3. whxlst providing said symbols
along said sequence with a uniform svmbol-to-svmbol 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

20 mfonnauon, wherein said uniform 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. '

25 8. - A method as ciaxmed in any Claim 1 to 6, wherein each first code word
pertains ;d a 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 1o the value of said plurality.



9 wher e: the—vartable i means the order of synbols in the codeword. . °*

T- (t +5x 1) nod6 D =d 5 Dataerr] neans a
synbol which p05|t| '“‘“”“' m&mk‘m T, sync bl ock number: S, and _
data byte nunber: syrrbol s (1=102..111) are parity.
Thi s equaly@bgiodly cat es the outer codeword which the fi I StpciB®NA11380S1 L1 on
I s track nunber: t, sync bl ock numbd#: s, and data byte nunber: d.

Gener at or _pol ynom al for outer error correcting code is

10
as foll owsl0. A method as menarwqé;hqukq 8/ wherein said first and

Eg E?ZCSLSWS pr esen% m%% %ﬁ% mg?caﬁﬁ?%% gvggg'nows

t he sequeriewelof t he one product code bl ock that |s hi ghl i ght ed as

10, U 0 oo sl Kt T e i

di spl ace

size. 5 auxiliary information pertining'thshitf plRfafity bf'@adks Asifg Shifildt cation 50
t could

may be superposed on a part_of block '52; ‘in the enbodlnent

cover | esPARMEHFTY gsdonaidodata, hut for shorening an srea preserved, farowid MMCK 52 to

e coverewﬁ@ﬁh@%ﬁe orl gf‘%}af: nghmwaﬁgﬁtl on-El | nf %

destroy t
bl ock 50 theretoel ate to non-vi deo data. This forrrat of bl ock 50 has

been Show?zenl arged in FdeﬂrlxJr efo&%tm@%rgggny\\r@ eInE:odxng accordmg to 2 method as claimed
10 in any of Claims 1 to 11, having an output for feeding a rotary head for helical scan track-
~ wise recording by providing a first wordwise Rwdeol_oqut code atohg a fecording track
defined in first code words and a second Reed-Solomon code defined in second code words,
said first and second Reed-Solomon codes collectively forming a product code fomtaz,
 characterized in that said device has encoder means for encoding each said second code word

15 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 substantially equal to a length of said tracks associated to

20 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
25 information, 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
- plurality. _ _ .
15. A device as claimed in Claim 14. wherein said uniform cross-track shift is
.- greater than one and calculated modulo the vaiue of said nluralitv .

30 16. _ A device as ciaimed in any of Claxms 12 to 15. wnercm said encoder
within a single track assigns svmbols cvcnmlly to resnecuve nroauc:t 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 secondary
 encoding means for encoding auxiliary informarion pertining o said plurality of racks using




could also pertain to the part AUX in Figure 2: this would obviate the need

for. the above supe u number of tracks is again equal to
si X, whereas the scale ‘)I“mm““'“)“““; I‘e has been enlarged in both
directions by a factor of three. "hé blFack rectangl'es have 25 uniform

si zes, whi ch wowsgmpond to those of Figures 6,0 6a. The seeni redwIBgs/easer

wi dt h when touching the edges of the ta section is an artefact from
t he draw ng soft, For the re A e stora e reqwremants are
about a fact or‘“’b‘xavg w Bégd%h E’H ajyAre] Preserved for said

consequence, Wﬁfwﬁﬂn&ﬂdﬁdﬁh@%&rﬁhﬁﬁﬁ:&hﬁn b Qi thé %ﬁ&%&d?
t he di stance betweén successive dark bl ocks on a single track equal to only
two such bl ocRerinigs thef@Pef ore, t he W|dth of the white areas is equal to

twice the wd of the blag Kde@fc@

providi ng theigarre di spl acenents as in EI gure %%on%@ﬁiﬁr\gwwwgm

i nterl eavi ig inpat foprcornectng tys rotatysiwatl. foff helical sdan travkrwise séanfinguspe fkoriation
attai ned by . . . 10 .
putting furt HiBRt SAraected by . finst wopdsyiss Reed-Splgmop code alage tm@sﬁwaedm

col l ectively mstaﬁmmsandatsbmamrsaémswam &mﬁmwh%&? first
the intended level. Just as was the case with i gure 6a, the

di stribution msemds%esi Selamen eades [solleativaly mmsmmmecmwmmmm in

various C2 coge he VI deo
part in Fi gure !?gl Ul Onafneg%sdreor dm?&?"‘cga‘!:gégﬁﬂg&em

foll ows, 10@r aﬂmnnlsedlspomﬂendrdmta pisraties bf tzaelad wmlst)mdmg rsgidesyhiboisiof a smg!e
Cne; i nner” coqgyo rdd I & w t?xfa Ixx?ilnlar?nwsyrgbo -to-symuol 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.

15 19. A digital video recorder comprising a device as claimed in any of Claims
12 to 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.



106 Codeword(t,s) = [err] Data[err] X[er'r“]

[err] (t=0..55, s=0..22) 10 where: Data[err] means a synbol which
position is track nunber: t, sync block nunber s, and data byte
nunber: d. wo9tdsd 8 synbols (d=99..106) are parity. PFIIBoSelysE | on
I ndi cates the inner codeword which position is track nunber: t and sync
bl oek nunber s. 15 GCenerator polynonial for inner error correcting
code is as follows, : 7 =[err] (X + [err])

[err] “On the oth hand, the outer code is

i nterl eaved anong six tracks, as fol | ows: One outer codeword is
made of follow ng synbols. 45 20 Codeword(t,d) =
[err] (t=0..2, d=0..98) where: the variable i neans the order
of synbols in the codeword. T (t + 3 x (inmpd2) + 5 x int(i2))nod6
S =1int(1/2) 0 :

FIG. 1

180 degrees |
mijpr ' po pr . po | m
111 Aux : qap 9 main 219

bit: 2625 875 24500 1750 1750 875 269500 1750 2625

ot ~ FIG.2




Data[err], neans a synbol which position is track nunber: T, sync bl ock
nunber: S. and data byte nunber D. Last 10 synbols (i=36..45) are
parlty 11

Thi s equat i woderdirat es the outer codeword which the first PCREBISOPIBSI tion
I's track nunber: t, sync block nunber: 0, and data byte nunber d. -
CGenerator polynomal for outer ror correcjing code is as foll ows.

7 [err] 5 /} Figure 7 shows a device for
use with the invention. In this first enbodi nent, the device would
cope with decoding the formt of Figures 4 or 6. The format ~of Figure
6a could do with less required gr age, and woul d also be able to decode

t he AUX format of Figure Vari ous
el ect romechani cal subsystens larity. Upon 10
accessing of tape 20 either f Ng, the latter is
driven by a notor not around its axis 24,
and provided with a detectlon r provi des a

synchroni zing signal at full [ he read operations
will be

— N _—- 0

VSCOH

rﬂrjmma—xz—xe‘j%ﬁ@_

=t
T 1
5
' Vtape
e

FIG. 4



described. Interconnection 28 carries the data signals fromthe four heads.
Mul ti pl exer bl ock 30 under synchroni zation by the pul ses on line 26
i nt erconnects the proper head output to the 15 Cl1 word decoder 32. The d

decoder fir Sioegsgami Ses an anal og part that synchronizes to perapefhAsdT™! €
pr2 in Figure 2, in this way effecting the extracting of the encoded bit

stream from the raw tape signal. Next, for each Cl code word the
syndronme synbols are cal cul ated by s of conventional matrix
mul tiplications. When non-zero syndro ol s indicate an error

correction. To this effect, decoder
- i nternedi ate storage capacity not
y thits will allow to cal cul ate random errors.
wi |l generally lead to the detecting and

pattern, decoder 32| undert akes
32 20 conprises a i Ci g
shown. Al nost ¢ 3
I f burst errors 65% WE

flaggi ng of an i o tible error pattern. Subsequently,
denul ti pl exer 34 Lwayl of interconnection pattern 36 assigns|the}jsynbols
of each Cl code 1 rd to one of the 12 RAM sectors inyfRAM 38, |that is
assigned to the a8spciated a single 25 product code Ql ock. The M sect or
may in consequencg fcong to contain all dark bl ocks sthhown|in Figure 4.
Mul tipl exer 42 thgrieupgn forwards the contents of |each regpeclivel C2
code word to decogefl 44 that may output the inforratiqg a:;g: & &2ti on
vi a out put 46. 5 38 shoul d acconmod :;g: wel V#ffull
storage tracks to for the fulles LR Hty iIn the ef{®r
correction. Durin? ution of S5z D ectijon, |t he] RAM shopligd 30
rt i - i {
al ready start inpgt of Zégz LLA cks,| and al $o cpntThge
out putting of the ¢ Il practig¢e, [1E vent or s
have found that al Ty~ for 'about 17 tracks wodl d be by gient, if
conbi ned with a raisqd azc&gg_{ifgifjfr for the error % ect K6
_34 |\ . 4
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12 conpared with the access frequency for the wite-in fromthe tape
or the read-out to the use. In an enhanced decoder, various higher

| evel strategies may be inplenented, such as rerouting after the
under t aki ngswosedezoder 44.the not yet fully decoded i nfor mepcrmekenss t 0

t he 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 substantially the ?b way, be it that the format of
t he product code blocks is different. For'/ehcoding, the process is
effected substantially the other way round. Therefore, block 44 corresponds

to an encoder, block 42 to a,d | tiplexer, block 34 to a multipl exer,
bl ock 32 to an encoder, and Ol o nul ti pj exer
13 | I

Vscan I

o

L

Vtupe

FIG.6



1. A nmethod for error protective data encoding for use with

rotary head helical scan tape-recording by providing a first wordw se
Reed- Sol onon code al ong each recording track as being defined in first
code words, wadé243€cond Reed- Sol onon code as bei ng defrcramosmenissecond

code words, said first and second Reed- Sol onon codes collectively 5
formng a product code fornmat, characterized by providing each second code
word as a sequence of synbols acros !Z plurality of tracks, while
provi ding said synbols of a single ond code word wi.th substantially
uni form di spl acenent s bet ween contlguous synbol s both ina first
direction parallel to a length ¢ pe,| and al so in a second direction
perpendicular to a length of sag
substantially along a 10 |engtd

recordi ng. 2. gs clainmed in Caim1l, wherein
said plurality of tracks are 2 1 ¢ g tracks. 3.

A nethod as clained in Cains 1< A qprovi ding along a single
track respective synbols of a s§ dgcode word with substantially
uniform 15 displ acenents between ¢opdijgyol§ synbol s. 4.

A nethod as clained in-Claiml,g . l=h| Bst provi ding said symbol s

al ong sai d sequence with a unifdr 8- synbol cross-track shift that
is relatively prine to a V@ sdi pgpl urality. 5.

2 for recording video 20

gk shift i.s uniformanong all
9nmet hod as clainmed in Caim4,
= t han one and cal cul at ed

information, wherein said unifofn
second code words. 6. :
wherein said cross-track shift e

nodul o the val ue of said pluralg thd A nmet hod as
clainmed in Caim6. wherein saidl |c shift is one ~ lower than
the value of said plurality. 25 |8 : - A nmethod as clained in
any Claiml to 6, wherein e S i[r =ngr d pertains to a

conti guous succession of synbol$ fon $sp8i at ed single track. 9.

A nethod as clainmed in Claim7,§ Mt Bi N a single track successive
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first code words are cyclically assigned to respective product code bl ocks
with a cycle length that is equal to the value of said plurality.

10. A nmethod as clainmed in any of Clains 1 to 8, wherein said
first and W0 962088cond Reed- Sol onon codes are the excl usi veCcT/IBss01136
protection codes on a storage system | evel . _ 11.

A nethod as clained in any of Cains 1 to 10, whilst for encoding 5
auxiliary information pertaining to said @wﬁyzﬂ ity of tracks using simlar
formatting paranmeters as for said ta, but for shortenig an area
preserved for said auxiliary I nformation through a uniform

sel f-interleaving anong the second code words pertaining t hereto.

12. A device for error protective encoding according to a

met hod as cl ai ned 10 in any of Caims 1 to 11, having an out put
forfeeding a rotary head for helical scan track- : W se recordi ng by
providing a first wordw se Reed- Sol onon code al ong a recording track
defined in first code words and a second Reed- Sol omon code defined in
second code words, said first and second Reed- Sol onon codes
collectively form ng a product code format, characterized in that
sai d device has encoder neans for encoding each said second code word 15
as a sequence of synbols across a plurality of tracks, and having di sposing
means for '

FIG. 6b



disposing in said sequence said synbols with a substantially uniform

synbol -t o- synbo
| ength of said tape,
| engt h of sawod 9érzuane

and in a second

di spl acenent both in a first direction parall el
direction perpendicular to a

to a

and havi ng extendi ng neans for extendi ngTaBeso11fACh

second code word to a size substantially equal

associated to 20

sai d recordi ng.

13
claimed in daim1l2, wherein said disposquZneans are
di sposing along a single track the synbol f

to a length of said tracks
A devi ce as
arranged for

a single second code word

W th substantially uniform di spl acenments between conti guous synbol s.
t her eof . 14. | A device as clainmed in Caim12 or 13. for
use in recording vifeo FS i inf orjmat ijon, |whejei n, sai d di sposi ng neans are
arranged, for dispops saijd synbol{s allong sdi d dequegnce,with a

uni form cr oss-trackj shi kot S rg;giive y pfinmg tola val uejof gaid
plurality. 15. icefas flaijmed|in ai jn 14§ wherein
said uniformcross-frac is grepter] than orle apd cdl culated
nodul o the val ue of| sai :Egz 30| 16} A flevi te as
clainmed in any of ( ai = whel ei n| sai codd+ M thin a
single track assignp sypbolls cycligally to|res ive prO(UCthEEE bl ocks
with a cycle |engt s equal j[to [he humger ifn said plity.

17. A devj ce Iaiied n a Cllaing 12|to 16. pnd having
secondary encofdi ng or éncogli ng i gry ijnf ofsgt on pertaining
to said plurality OF tr ng

A
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SUCH MEDIUM
(57) Abstract

Error protective data encoding for use with
rotary head helical scan tape-recording is done
by providing a first wordwise Reed-Solomon code
along each recording track defined in first code
words, and a second Reed-Solomon code defined
in second code words. The first and second Reed-
Solomon codes together form a product code for-
mat. Each second code word has a sequence of
symbols across a plurality of contiguous tracks.
The symbols of a single second code word have
substantially uniform displacements between con-
tiguous symbols both in a direction parallel to a
length of the tape, and also in a direction perpen-
dicular to a length of said tape. Each second code
word extends substantially along a length of said
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