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A METHOD, DBVICB AND CARRIBR FOR ENCODING MULTIWORD INFORMATION 

... BACKGROUND OF. THE INVENTION 

The invention relates to a method as recited_ in the preamble of Claim 1. US 

Patents 4,559,62_, to Berlekamp et al and 5,299,208 to Blaum et al disclose the decoding of 

interleaved and_ error,protected inf~ID,l&tion, w~re an errQr.pattem found in a first word 

S may give a clue to locate eriors in ~ther word of the same group o~ words. Errors pointed 

. . at are relatively closer or more contigti.ous than other symbols. of the word- that would 

generate the clue. The references use a standardized format and a fault model with 

multisymbol error bursts across various words. Occurrence of an error in a particular word 

may imply a strong pro.bability for.an.error to occur in a symbol pointed at in a next word or 

10 words. The procedure will often raise the number of errors that may be corrected before the .. 

mechanism fails. 

The present inv~r ~ recognized a problem with this method: a clue will 

. materialize relatively late ,in the process when the clue originating information will have been 

demodulated as well as been fully corrected. This will complicate the use of higher level 

15 JJleaSUieS such as a retry read of the data during a later disc revolution. Also, the present . 

inventor has recognized that part or all of the clues could be acquired against a lower 

.· . investment in terms of the _amount of redundancy • 

. SUMMARY TO THE INVBNTION 

20 In consequence, amongst other things, it is an object of the present invention 

to provide a coding format with less overhead that would allow earlier generating of at least 

part of the clues. Now therefore, according to one of its aspects the invention is 

characterized according to the characterizing part of Claim 1. 

The invention also relates to a method for decoding such information, a device 

25 for encoding and/or decoding such information, and a carrier provided with such 

information. Further advantageous aspects of the invention are recited in dependent Claims. 

BRIEF DESCRIPTION OF THE DRAWING 
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These and_ further ~~ts ·an,4. advantages of the invention \'fill be discussed 

more in detail hereinafter. with ret=nce to the d~losure of preferred ~l,ooiments, and in ·. 

particular with reference to the appended Fig1)res.;.that show: 

Figure l, ·a system with ~er, carrier, and decoder; 

Figure 2A-2C, disposition of exemplary SJOC patterns; 
. .. . ;:"., . . . 

Figure 3, a code fo~t principle; 

Figure 4, a picket code and burSt indicatOr subcode. 

DETAllJID DESCRIPTION OF PREFERRED EMBODIMENTS 

10 A clue· or ~ combirultiori of cllies, once found, may cause i~ing one or 
.·. .. . ·l 

more unreliable symbols. Through such identifying, suCh as by defining etasure sym~ls, 
. . . . :! 

error correction will be lnade more powerful. Many codeS will correct at Piost t errors when 
. :. . ~ . ' '.. j 

no error locations are known. Given one or more erasure locations, often ia larger number 

e> t of erasures may be corrected. Other types of identifying than_chara.izirig as erasure 

·· 15 symbols are feasible. 'Ai~o the protection against a combmation of bursts •+m random errors 

may improve. Alternatively, the providing of erasure locations will for a +amcu1ar fault 

20 

· pattern necessitate the use of only a ·1ower number of syildrome symbols,· 1Jtus simplifying 

. thC calCulation. The invention may be used in a storage: environment or ~a transmission 
.: r 

environment. 

FigUre 1 Shovls a system according to the invention arrang~ for producing 

two types of clues, one deriving from synchronization bit groups and the: bther from error 
. I 

protected clue words, respectively. The embodiment is used for encodingJ storing, and 

finally decoding a sequence of multibit symbols derived from audio or vi~eo signals or from 

data. Tenninal 20 receives successive such symbols that by way of ~le have eight bits. 

25 Splitter 22 recurrently and cyclicall; transfers symbols intended for the ciµe words to 
.· . . . . .i 

encoder 24, and all other symbols to encoder 26. In encoder 24 the clue '1tords ate formed 
.. · . . • j ·. 

by encoding the data syinbols into code words of a first multi-symbol ~r correcting code. 
. . . ~ . . . . . . t . ·. 

This code may be a Reed-Solomon code, a product code, an interleaved r'pde, or a 

combination thereof. 1n· encoder 26 the target words are formed by encooµig into code words 

30 of a second multi-symbol error correcting code. In the embodiment, all '*'1e words will 
. : . i 

have a uniform length, but this is not necessary. Both codes may be Reec("-Solomon codes 

with the first one being a subcode of. the second one. As will be shown ill, Figure 4, clue 

words have a higher degree of error protection. 

. ; ·~· 

.:. ~::.~: 
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In block 28,. the code words are transferred to one or more outputs of which · 

an arbitrary number has ~shown, so that the distributio11~on a medium to be-discussed : . · 

later will become uniform. Before acnia1 writing on the medium, all code ,symbols are .· · , : · · 

modulated into channel bits. A well-known modulating rule adheres to a (d,k)=(l,7) 

5 constraint, that governs minimum and maximum distances between consecutive signal 

transitions. The modulating adapts the sequence of channel bits better .to the. transmission or 

storage capability ofthe encoder-medium-decoder string. 

In this respect, Figure· 2A shows an exemplary sync pattern as stored on disc, 

such as according to a pit/no pit dichotomy. ·~ pattern as shown consists of a sequence of 

· 10 · nine no-pit positions followed immediately by a pattern of nine pit positions~ Such pattern ·· 

will violate the standard modulating constraints if:k corresponds to a sequence length of less · -· 

than nine pit/no pit positions. For brevity, the detection signal acquired when ·scanning such 

a sequence has. been ignored. The whole pattern may be bitwise inverted. The initial and 

final bit positions of the pattern may be used for other purposes, always provided that ·· ·· 

15 . transitions may not occur in immediately successive bit positions. 

Now in Figure 1, block 30 symbolizes the unitary medium itself such as tape 

or disc that receives the. encoded data. This may imply direct writing in a write-mechanism.• .; 

plus-medium combination. Alternatively, the medium may be realized by copying a master 

encod~ medium such as.a.stamp. In· block 32, the channel bits are read again from the 

20 · · medium, followed by .. ilnmediate demodulating. This will produce recognized sync patterns, 

as well as code symbols that must be further decoded. Now generally; sync patterns occur 

on positions where a player device would indeed expect them, leading to the conclusion· that · 

synchronization is correct. However, correct sync. patterns may be found on unexpected 

positions. This may indicate loss of synchronism, which must be restored in a tedious 

25 process that bases itself on various successive sync patterns received. Generally, 

synchronization is maintained through a flywheel procedure, or as based on a majority· 

decision among a plurality of successive sync patterns. A correct sync pattern may 

alternatively be found due to one or more channel bit errors in the data on other positions 

than intended for sync p~. Generally, such will be an isolated feature and not lead to a 

30 resynchronizing effort. On the other hand, on an expected position the demodulator may fail 

to find synchronizing.pattern. Often, the error will be a.random bit that is restorable through 

. inherent redundancy in the synchro*ing pattern. This will then lead to a correct sync 

pattern, and allow .to proceed in a standard manner without further considering the restored 

.1 
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··:~~C>~ pattern for o~r channel· bits. Alternatively, the error is Sufflciently serious as 

to lead to the Conclusion that a bUrst has bc:en enco\mfeted~ Such burst ~ then provide a 

............ · -~ .,,~llle,J9t~~~iDg <>~.~91~ iritlie.p!iy$i~t~,i~Cnirh0ocl tbereOf~bemg erroneous, 

,in the same :manner as will hereinafter, be diScussed with respecfto clue ~rds. In principle, ·· · 

5 .· . the sync-derived clues could be mfticientfor ellbancfug ·the standard err~~protectivity. For · · '· 
" 

this pmpose, they should be located not too far from each other. If clues ~e derived from · · · ·· 

• synchronizing patterns as well as. fr~ clue words, the synchronizing pa~ may be used 

as a separate mechan;sm tor generating clues even before the start of the ~oding of the 

.· .. ·.-: . ·. ~:~. 

.clue words. This might allow to use two ~lue mechanisms side by side, o~ from the 

10 synchronizing patterns and one from· the clue words. Alternatively, the c)\\es· from the 

synchronizing ·patterns ·and from the clue words·may b~·combined. The ~ecting· among the · · ·. 

various mechanisms so recited may be ·done on the basis of a static or d~c policy~ Quite 

often, the combining with clues found through the decoding of clue wo~ may be. used to 

get a better or more powerful decoding of target words.· 

15 After demodulating, the clue wOrds are sent tO decoder 34,i and decoded as 
; 

based on their inherent redundancies~ As .wm becOme apparent in the disQlission of Figure 3 
. ! . . 

. infra, such decoding may present. clues on the· loCations of errors in otherfthan these clue 

·· .. ··.c:. 
··~~· 

words. Box 35 receives these clues and as the ~e may be; other indicatif>ns via arrow 33, .·:·~ 

and operates on the basis of a stored program for using one or more diff~nt strategies to · ·:}~ 

. 20 translate clues into erasure locations or other indications for i~fying uhreliable symbols. · ,,~. 

The input on line 33 may represent clues produced by the demodulating d,f the sync bit 

groups, or as the. case may ·be, other indications such as produced by the ~eneral quality of 

the received signal, such as derived from· its frequCncy spectrum. The tat~et words are 

decoded in decoder 36. ·With help from. the erasure locations or other id~tifications, the 

25 error protectivity of the target words is raised to a higher level. Finally, '11 decoded w~rds 
are multiplexed by means of element 38 conformingly to the original tonpat to output 40; 

For brevity, mechanical interfacing· among the various subsystems has ·beFn ignored. 

Figures: 2B, 2C illustrate further dispositions of exemplary) sync patterns, as 

distn"buted in the information stream •. Each individual sync pattern may l~k like Figure 2A. 
! 

30 In the first place, these sync patterns may be the only source for the cluelinformation. They 
' 

are preferably positioned in periodically spaced locations ·in the informa~n stream. 
! 

Alternatively, clues may derive both. front the sync patterns and from the!clue words. 

Figures 2B; 2C illustrate the latter case. Therein, the positions of the club word symbols 
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have been indicated by crosses. The positions of the sync bit groups have been· indicated by 

dots. In Figure 2B, 2C, d~ between clue word symb<>ls '1'e higher at the loeation of 
. ~ '· ' . ' . : .. : ·. : . 

the sync bit group shown than elsewhere, s9 that-they are locally scarcer. In Figure 2A their 

distance is less than twice its value elsewhere. In Figure 2B it is equal to twice its: value · 

elsewhere. Other distributioJll are feasible. 

. - Figure·3 illustrates a simple·code forinat without contribution by the sync bit 

groups~ The coded information of 512 symbols has" been notionally arranged in a block of 16 

rows and'32 columns~· On~medium storage.is serialiy·column-by-column·starting at the top 

left. The hat.ched·region contains check symbols, and clue words 0, 4, 8, ·and 12 have 8 

1 o check symools each~ The target words contam 4 ·c~ symbols each. The whole. block 

contains 432 information symOOls and 80 check symbols. The latter may be localized in a 

more distributed manner over their respective words·; A part of the information symbols may 

be dummy· symbols. The Reed-Solomon code allows to correct in each clue word· up to four 

symOOl errors. Actually present symOOl errors have been indicated. by· crosses. In ,· 

15 consequence, all clue words may be decoded correctly; inasmuch as they never have more 

than four.errors~ ·Notably words 2 and 3 may however not be decoded on the basis·oftheir 

own redundant symbols only. Now, in Figure 3 all errors, except 62,- 66, 68 represent error 

strings, but only ·strings 52 and 58 cross·at least three consecutive clue words. These are 

considered as error~ and cause erasure flags in all intermediate symbol locations. One 

20 or more target words before the first c:tue· word error of the burst and one or more target··· 

words just after the last clue symOOl of the burst may also get an erasure flag; depending on 

strategy. String 54 is too· short to· be considered a burst. 

Therefore, two of the errors in word 4 produce an erasure flag in the 

associated columns. This renders words 2 and 3 correctable, each 'with a single error symbol 

25 and two erasure symbols. However, random errors 62, 68; nor string S4 constitute clues for 

words 5, 6, 7, because each of them contains only a single clue word. Sometimes, an 

erasure may result in a zero error pattern, because an arbitrary error in an 8-bit symbol has 

a 1/256 probability to cause a correct symbol. Likewise, a burst crossing a particular clue 

word may produce a correct symbol therein. A bridging strategy between preceding and 

30 succeeding clue symbols of a single burst may incorporate this correct symbol into the burst, 

and in the same manner as erroneous clue symbols may. translate it into erasures for 

appropriate target symbols. 
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DISCUSSION.OF A PRACTICAL FORMAT 

Practising me blvendon ~ppiies tO ~w medtods for digital dptlcal storage. At · 
. l 

present~ substrate incident reading may· have a t:ransillissive layer as thin # 100 micron. 

crum"netbits may have a size of soine 0.14 microns, so a data byte at a c~l rate of 2/3 

S will have a length of only 1. 7 microns. At the tOp surface the be3m .has a ~llmeter of 125 

., 

micr<>ns~ Enveloping the disc in· a :s0-Called caddy will redUCe the probabillty oflarge bursts. · ., 

· However, non~tming particles of less tban·so micrims inay ·cause s* faults. ". : .. 
. ., . .· .. ; i . 

Developers have used a fault model wherein such faults through error prrifagation may lead· :ft. 

. to bursts of 200 microns~ c:Orrespoilding td· some 120 Bytes. The model pri>J,oses fixed size 

l 0 bu:rstS· of 120B that start randonily With. a probability· per byte of 2.6*10"5 ~!or on the average -• · ·. 

· oile burst per 32kB block.· The inventor enVisages·serw 'storage on opticatl disc, but 
I 

configurati0ns such ·a8 · multitrack tape, arid· othti- technologieS such as madnetic and · 
' 

magnet<H>ptical would benefit froni the improved api)roacli herehL 

Figure 4 shows a' picket Code andbUrSt indicator subcode. A picket code 
.. 

15 consists of two subcodes A mt·B~ The Bunt IDdiCator•Subcode contains 4ie clue words. It 
! 

· ·· is formatted as a deeply interleaved long distiDce code that allows to locatlze the positions of 
l 

the multiple'burst err<>rs. The error'patterriS so foUnd Ire processed to ob~in erasure 
· hiforination for ·the target· words that are configUred in the embOdiment as la Product ·· s·lii 

SUbcooe. The latter will coriect combination$ of i.Dultiple bursts and ~m errors, by using j-J:~-

20 . erasure flags obtained from the butst indicator suticode. The indicators p~vided by the .sync ;'~"·' 

bit groups may be used in isolation, or in combinadori with the indicatio~ ftom the· clue 

words. Generally, if no due words ha<f been provided at all. the number J, synclitonizing bit 

groups will be· raised. The developing of the clue's will be sbnilar to the ptocedure sketched 

with reference to Figure 3 for the clue words. 

25 The following format is proposed: , 

•the block of 32 kB contains 16 DVD-compatible sectors 

· • each such. sector contains 2064=2048+ 16 .Bytes data 

• each sector after BCC encoding: contains 2368 B}'teS 

• therefore. the coding rate is 0.872 

30 · ·. · • in the block, 256 .sync blocks are forinatted as follows 

• each sector contains 16 sync blacks 

• each sync block consists of 4 groups of 37 B 
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• each group of 37 B contains 1 B of deeply interleaved Burst Indicator Subc<>de and 36 B of 

Product Subcode. ---

In Figure 4, rows are read sequentially, each s'811ing with its leading sync 

pattern. Each row contains 3 Bytes of the BIS shown in grey, numbered consecutively, -and 

5 _ spaced by 36 other Bytes. Sixteen rows form one sector and 256 rows form one sync block. 

Overall redundancy has been hatched. The synchronization byteS may be used to yield clues, 

--tbr~gh redundancy:therein-outside .the main.code facilities. The hardware arrangement of __ 

-.. _.Fipre 1 may execute the processing of the synchronization bit groups that constitute words 

of another format than the data bytes in a preliminary operation step. Still further 

1 O - information may indicate certain words. or symbols as unreliable, such as from the qliality of 

the signal derived from the disc or through demodulation errors. Note that in Figure 4 one -

collUDli at left is now no- longer necessary- for the clue words of the burst indicator subc<>de 

_ BIS·~ As shown, this_ column if filled with target words. Alternatively, the column is left out 

completely. In both cases, the next storage density for user data is increased. 

The sync bit group is a good vehicle for detecting bursts through its inherently -

. large Hamming distance from most burst-inflicted patterns. A typical spacing between sync 

bit groups could-be about 1000 channel bits. A different format is to-split a 24-bit sync-bit 

pattern into two halves of twelve bits each, that each violate the m<>dulation •principle only 

once. The spacing between sync bit groups is then also halved to about 500 bits, so that 

overhead remains- the same. It is possible to exclusively use predetermined bit fractions from 

the sync bit group for bUrst detection. Note that in Figure 3, the sync bit group would 

occupy a horizontal row above the first clue word position.. 
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CLAIMS·: .. 

: · .. _: .... · ... 1111111111111 1111111111 111111 
* c il " s * 

.·. '· ."'· :· .. 

: . :' 

1. . ··. A metho4· for e~ mulmv()rd information that is basedf on multibit 

.. symbols disposed in relative co~guity with.respect to a medium,· whilst ~viding wordwise 

. interlea\ling and wordwise error protection code facilities and furtbermont error l~tive 
. . ., . . - ·. . . ·' . . . : ;~. 

clues across words of a multiword group, . :J · - . 
' . ' .·,. ' ··. ·' ,. . • • I 

S characterized l>;Y Qriginating firs~ such clues in syncbronizirls channel bit 

gn>ups aJ,ld targeted to data \\'O~. "' , J .. ' ... : ... 

. 2. .. , A method as.c~ in Claim 1,. wherein.said syncbroniz~· bit groups are· 

reposed in·.focally scarcer disposed further clue originators to derive· from~unmodulated 

. . symbols. ·. . . ot 

10 3. . . Amethod.,as c~ed in c~an.i 2, wherein said further clue ~riginators 
·. : . .. . .. ..· ! 

.. comprise high PJ.'Otectiv~ty clue ;words tJiat are.~ to· low protectivitfttarget words. 

4. . .. ·· ... A metho4. ~:claimed in c• .1, w~rein a synchronizing'thannel bit group 
. I 

.. wlien unintedered with will violate a channel modulation role applying tolother channel bit. 
. . ····•· .... .. .. . . ! . 

" . ~ps._;··· ···:~ 

15 . S.. . .-:· ... A l'Jletbod for ~g multiword .information that is baseq on multibit 

symbols disposed in relative contiguity with respect to a medium, whilst ~ffecting wordwise 

deinterleaving and deriving wordwise error locative clues across words of a multiword 

group, 

characterized by deriving first such clues from synchro~ channel bit 

20 groups as being directed to data words. 

6. A method as claimed in Claim S, whilst deriving second e¢or locative clues 
. . . ! 

from demodulated words with ~ymbols locally scarcer disposed. around sUcb synchronizing 

channel bit groups than elsewhere. 
. . 

7. A method as claimed in Claim S, whilst deriving second e¢or locative clues 

25 from demodulated words outside such synchronizing bit groups, and usmk first and second 

clues in a cooperative manner. 

::I!IEll 
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8. A.method as claimed in Claim S, whilst deriving second error locative clues 

from (lemodulated high protectivity clue words outside such synchronizing bit groups, and 

· directed to low protectivity target .words. 
. .. 
:· .. 

9. A device for encoding multiword information that is based· on multibit 

S symbols dispo$ed in relative contiguity with respect to a medium, comprising wordwise 

interleaving means, wordwise error protection encoding means and generating means for 

generating error locative clues across· words. of a multiword group, 

characterized in that said generating me.ans impose first such· clues in 

synchronizing channel bit groups and targeted to data words. 

10 10. A device as claimed- in Claim 9,. wherein said interleaving and encoding 

means afC. arranged for reposing .said synchronizing bit groups among locally scarcer 

disposed further clue originators.to derive from unmodulated symbols. 

11. A method as claimed in Claim.10, wherein said further clue originators 

comprise high protectivity clue words directing to low protectivity target words. · 

lS 12. A device as claimed in Claim 9, wherein a synchronizing channel bit group 

when uninterfered with will violate a channel modulation rule applying to other channel bit 

groups. 

13. A device for decoding multiword information based on multibit symbols 

disposed in relative contiguity with respect to a medium, comprising wordwise 

20 deinterleaving means, wordwise error decoding means and locating means for deriving 

wordwise error locative clues across words of a multiword group, 

characterized in that first such clues derive from synchronizing channel bit 

groups as directing to data words. 

14. A device as claimed in Claim 13, wherein said decoding means are arranged 

25 for deriving second error locative clues from demodulated clue words with symbols locally 

scarcer disposed near such synchronizing channel bit groups than elsewhere. 

15. A device as claimed in Claim 13, wherein said decoding means are arranged 

for deriving second error locative clues from demodulated words outside such synchronizing 

bit groups, and to use first and second clues in a cooperative manner. 

30 16. A device as claimed in Claim 13, wherein said decoding means are arranged 

for deriving second error locative clues from demodulated high protectivity clue words 

outside such synchronizing bit group~, and directed to low protectivity target words. 
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.·.17.. ·'·. , .. ·. · ·· ,_.: ·A carnet comprising m\iltiworct infotmatibn that is based oq multibit symbols 

diSposed in·relative contiguity with• respect to· a·medium, having woniwisei iriterleavmg, 

: . : . . . .. . wordwise,error protection code facilities ,and• errot'locative clues across w6rds of a · .... ·' 
multiword group. · · · : ·.,. ·- · · . ' 

.. 
If'· 

S. characterized iii that firSt such clues originate in synchroruzing channel bit ': · · , 

groups aiid will target data wOrdS/ . . ·f· 

18. A carrier a8 ctallned in Cl~ 17. wherein said s)'ncbr~ bit grc>ups are: · ·· · · ' : " 

reposed among locally scarcer disposed ·fUrt'her clue originators to derive ftomdemodulated · · · · , , .... 

10 

j . 

symbols. '· · · 

19. ::·· A carrier as claim.Cd i:riCllim 17~ wherein said further clue'priginators · ., 

ccmiprise high protectivify ·clue 'words· that are;~cted· ~o low protectivitf~et wotd~. 
·20. ~-· ·A carrier as:claimed·in·Chdnl 17, wherein·a·syncbronizing-~el bit· group 

wbeli uninterfered with will violate a channel modulation rUle applying to ~ther c~el bit 

.groups. 
• • 1 • . :·.·.= ... 

1111111J m•J 11~11,1111111 
... ··;."':": 
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