An information transm ssion nmethod with-error correction for}lgﬁ@yﬁ;ﬁéﬁ
an error correcting decoding nethod for such data synbols, an apparatus f.0r
information transmi ssion for use with the nethod, a device for information
decoding for use with the nethod, and an apparatus for use with such
device. The invention relates to an information transm ssion nmethod with
error correction, said nethod conprising the steps of: a. Reed- Sol onon
encodi ng a succession of first nunbers of data synbols to produce a
sequence of &y infqrageiono FRnPsBdesiompEhod vith ese@ongriection for mdatbesymdbls,
synbol s conpegegrlr Edfrebting cabchey AétHdat forS ¥oBOlua e aNYmBoid " §h 55t £%s0f
parity synbols; b. inter] eaving the_synbols of successive first code -
wor ds” by mearfSf o ECETHHOP; | HeBnfe é‘F%W’t‘?‘ngle B% s2 FENICS ifPst cofie
wor ds as t herefamatigmidereding fof iuset witddehevietthdd, pnd dinc epgeftarus far

synbol -i'nterl.eay, f wor ds; c. Reed- Sol onon encoding the ..
synbol -i nterlluggvvg%'hfléé%% d%‘g%%'vmrds to produce a sequence of second code

wor ds each conpri si ngthe &RYFiARMsdAtes ot iBfaPmtion dHgoTussien mathasecond

nunber of Syr#Eh Ser26l RreeSORE , SELildehe HodPebddrY s SIFTROL Steds ofd- _
nodul ati ng said code synbols of said second code words into information

synbol s for it r cRRRETPOIPTORt BPcodiRslidufreiesion &f HErsSdpvrperarpicdatriissgbols
EEL hod accor di ggl w_ptrbaaua%bﬁv?d@n&mgs_@nfifantﬁdé %S&blaa&ﬁfﬂomgr&ﬁﬁg?ﬁ%econd

i kew se, ¢a nodul ati.n t hod .accordi ng t e aboye i nown frqm
it Patent 2 BHeS 5 sPREuE ERRPRTart $h i EPs ROER St JH e g ls and
"Conpact Disc", whifdrst ssexhepmifi patdty sputwdbl e record for high quality

audig .data. This gamm Wi di,Ei S tcaini

par Ihq ters, sgt}ch as Hégrﬁﬂﬁtrtlxgnhéﬁ ss?g%d(;%sgi%ggﬁ%ggi %fg&%a{:%rﬁ%r gﬁe"ﬁ ggnoaft,
channel bit run I@?Qﬁﬁéi,vezgi%ﬁﬂi‘emt%%dﬁ#ﬁeéw‘teé'cﬁﬁdﬁégyﬁ#ﬁy 4qdgdveriddeds use
than the "Conpact tddreCarels9i@bols! Antdifdrs €PE twdriCedRbiiBeMBy be a master
" Conpact §j sc", a r%pk_i_fat eg copy %%%reo%, a Sli_gi tal audio tape, a

br oadcast t r ansni SEBh1iosEle e FHRE*. °P9e H8E9Sfeen found that the " Conpact
Di sc" st oragec.medresdr-solaiidnoéddingdine swfbelt bitekbedvede ibxawecadec wortdso to
suitable for the | nsi st orage of diai t h qt _djrectly
relate to audio d {Lg?&gﬁxaar% ‘é%ncgfggusce%ogfﬁgga %rggaééhcﬁ%mrpgg?gnrg 8&“&?‘8 :
di spl ay data or prumbeanefisode dymboks ompgsed of \iihe| s¢pond orumbpt coft gyrhodki 2mnd a
pl ayback apparat Us gecond series of parity symbols;
15 d.

modulating said code symbols of said second code words into
information symbols for introduction into a medium for later

decoding;
An encoding method according to the above is known from British Patent

2 076 569 . Likewise, a modulating method according to the
> 20 above is known from British Patent 2 083 322. These two
patents relate to the so—called "Compact Disc", which is an optically
readable record for high quality audio data. This same system, with
modified values for the constraining parameters, such as Hamming-
distances, interleaving pattern, frame format, channel bit run lengths,
25 and with modified technology may find wider use than the "Compact Disc"
alone. In this respect the medium may be a master "Compact Disc", a
replicated copy thereof, a digital audio taipe, a broadcast transmission
lire, or other. . N ‘
It has been found that the "Compact Disc” storage medium or
30 other media referred to hereabove are also suitable for the inexpensive
storage of digital data that do not directly relate to audio data.
Examples of such other data are character data, display data or program
data. In this way, it will be possible to realize a playback apparatus

c
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r eprioduci ng" vi sual -information such as charts or graphics, pictorial
illustration by still pictures, or a video game apparatus. Another useful
application wadhd24$e the distribution of goftware for personal 3gry Rysi ness
conmputers. In both instances the addition 5 of a video display unit would
w den the application range of such "Conpact Disc" or other storage system
Mor eover, it iéommdprhdmmgt\nauabohfmmmsncm@smmuerm grapghdeas £ed and t he

"Conpact Disc I glg,‘;(sﬁ Lﬂd%lo

I S envi saged t#l?tés%ﬁag fﬁﬂgﬁ?g&%n %:%EF I ver ea’?rom e audla%&{sr;gg{sem
constrai nlg. 1énpHern Bl%ﬁé‘ﬁeapﬂlﬁ%awﬁs"l‘%}ﬁ@ be ﬁ}é% igkrisetion of sefitwarei o
system may he If&qs&bmedrf%smes@m@atexwgm abtwahﬁﬁaﬁc)ésoiheaadlﬁftion

processi ng e f Id chose mum stora e_density,
the latter 3/0 pg %I fdg'lsggﬁ'sfﬁ’ ﬂﬁ@o glg% g%&%@ T §5tH8t or age
capacity of théCtgerpaRisch e other abmagemtmw@rmch its isnvel 1 tknoge rthad
than the capacibyufleiniBiope erbaldeppipd J&m%&g@&c& Bl ages gngd uses

could al so appl to ot her transmssmnrre la or syste in the
" Conpact Disc' c%@%ﬁ?%lm§@r%?@18r%éhtpp§§¥$lf€“&t 18 St §“"Il§a‘éﬁd/i"—€|¥d
into two user %mdppndéteox@teum gmvérlgéatﬁunetmtau@id Sysam ¢distkests.

3I gm;ll Ci ant, e| 9’{’]% bi ts}cf's%ﬁ%ﬁ%ﬁerl %agﬁinge"ﬁllf% rI efx ‘ﬁ{\%o%s g‘SZO ag%_ t
ecodi ng us! ng EROR i
bases. Ther ef oriaterchangssihEor @ oenstent engular pelmetsxsldgamam:oegmged bot h
Wi th respect tQuiigl (Ble FUAhD RAROLS &Bgeﬁfef%uﬁﬁ& Stordy ef&fnsw' Che

i nf or mati on the error correction capabilit some- tInes
i ns0¥f i ci ent | datterarolchaiewben d’aﬁéer ﬁ%‘é%ﬁ‘o?%ﬁeﬁ‘érife@f:% TR F’ﬁEP SEAAES
bet ween nei ghbeupsiey csmlffneotdompadtr Dfc™ Eorboat rseotmoyabgmchma mhzklmaﬁger

there is not, sufficient_coryr t.we, Suc Si ram ta or he
i ke, and i h sg%‘?‘f‘% e%aplaﬁf‘tefpol at‘ramgeet uflg’pg)z (filg{%tl use I a('?re

t he i nventi on ases wholdr@lso rePPLaonPEhsrotransnirsdcB Oregdda st Sf’mnﬁ INWhJé‘l
pre-anble is chgg a%ﬁ@saeslw EPptlemSahdet AR a SoHTRRE D a&ﬁpﬂea@ﬁ%t s&sbyse

Reed- Sol onon encodl ng a finite nunber_ of fi rst roups user. synbol s
produce respecBividegyintoyErP (USeS SY§Patfssthen H%‘sféﬂa%‘? eight Fﬁ)(ﬂ“@ *che
the rel evant fiesd sgeRfie JBﬂIdeaglfﬂt rbitssu'hesmemsea% de~-intrlpavd,t gncyiifpl s,

o oups of . Ul BEe &5 f PLELE B, RS B T e rgf‘%iﬁﬁc’”d
each second gr WFE unét Lmsag @herefﬁesmesmegrmﬁf correction processing can be
executed both with respect to digital audio signals and digital data.
If for audio information the error correction capability would some-~
times be insufficient, a final remedy would be interpolation of
_ 25 missing samples between neighbours or some other error "concealment"
- algorithm. However, there is not sufficient correlation between
successive program data or the like, and in such cases interpolation
would be little useful. |

According to the invention an information transmis<ion method
30 a5 set forth in the pre-amble is characterised in that said data symbols
are generated by
e. Reed~Solomon encoding a finite number of first groups of user
symbols to produce respective extended first groups each composed
of the symbols of the relevant first group and a first sub-series
35 of parity symbols,
f. forming symbols of different extended first groups into as many
second groups of unique symbols as there are symbols in an extended

first group, each second group including a first sub-series of
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synbol s, g. Reed- Sol onon encodlng t-he second groups of synbol s to produce
ext ended second groups each conposed of the symbols of the rel evant second’

group andgsa7sggond sub-series of parigy synbols, the syrrb@];s,35 of
t he extended second gro S being said data synbols and being arranged in

sectors each R¥YEEs to a unit of organisation of a data format to
whi ch t hegd nfmmsbmmohrmﬁi@ itha geebhd Grbospsappl dyamtlolsl e ﬁrrvd&aéi on thus

provides 2 1 ULiShef dSlod SALGR 80 S9850RT A eR0 GUEHPYe Ol ROTHELT ggon

Reed- Sol onbn €O es e 1nve r 0cesSi h
symbol s of resmqndeenpunhmdt a| sgnynfh ssubTheridat of 9ymmr| symmneh tthypsmm‘y

consisis of ebflihebitenadd s385u Pollantlfiy SHACES egmﬁollsom%emgm

sixteen bits would be a |ot nore_ conplicated Ther ef ore,
preferably, s&FAFrEebrAns§AHOre each eRFSF PRAG 1N Gf'h ‘Els‘@li"vﬁfr qzeaniEekion: ef each
divided into a ddteefsrngbido WANdh WRErinGyiiaelom teadeni@6fors mdthddl gant user
synbol, said s tors are organised in two planes in that a first plane of a
sect or corrprl 8%t a synbols in respect of the nore significant user
synbol s of t hthedoventiandtiusepsddesl spFartbenfer2dr grotectdoh ocodecapranses dat a

synbol f |gber(?§)pe°glt l?J etxg]gdn%sls 3-8 ot AYgelser .synmbol s of said sector, and
g)

steps (e) are orne se rately in each of said two pl anes.
In this way, &®aersyingopat H}V§9Hq9u9 Procesging Jisgdene enryobelarés” and

l ess si gnidiagevdly’ PhérResength. hane basa éfmﬂ tdhdth tepSc ANYCEIdE BrRbEOVS for
correction of so-called 25 b rs‘ﬁgerrors the medi um of _an i ncreased

maxi mum | SJENPItss 13 £APRL TN HEY e IFPERARINE Pt PRSI AYEDOdA s B uBLALERD e
consi st s biftst wauldabe taylsyrﬁmhs::oml;‘:\‘zmmﬂth this very |imted anount of

redundgpcy in n_ey | ( rf ce results. It
shoul d be not ghoqugg’t’é ﬁge%&%bfﬂblsﬁgétuggﬁss%gg%r an °g§?$§e§t gl(')or? use} Kly
i ncr ease wirdh vliigh| aregehcinfdizdded datp semt@ssim&wabhﬁr am@ddam enal

mul ti - Synmés ﬂgﬂhéﬁ&eaiémyﬂmnt Bidh bScdoRs! Mdedrdini Bid 13 m%pzngf dat a
synbols. In this way Iluré of the error, profection is si led in a

very rel |’a‘blt€a¥/v§yfi§% Pla“e °§r%fs§F5‘b‘l §°m%’&|sls dlatarsygbett dpotearsshidfty is a
CRC checketpuabte tsfgniiRcCant ekt t syimbola\we fHeOwe€ctorOhdd rthé i s2lobmd Pl&ne of

el(aner&dargkid sector comprises data symbols in respect of the less significant
user symbols of said sector, and steps (e), (f) and (g) are performed
 separately in each of said two planes. In this way, user symbols are
distributed in more significant "planes” and less significant "planes”.
It has been found that this procedure allows for correction of so—-called
25 bpurst errors on the medium of an increased maximum length, as
simulations have proved. -
Preferably, each sub~series consists of two parity symbols. Even e
with this very limited amount of redundancy included in every
sub~series, a good performance results. It should be'hoted that the
30 complications of error correction quickly increase with the length of
each sub-series. '
Preferably, an additional multi-symbol error detection quantity is
included within a sector of data symbols. In this way, failure of the
error protection is signalled in a very reliable way.
35 Preferably, said error detection quantity is a CRC check quantity.
CRC algorithms have proved both reliable and elementary.
The invention also relates to an error correcting decoding method
for data symbols according to the above, to an apparatus for



The invention ‘also relates to an error correct| ng decodi ng nethod for data

synmbel s accordl ng to the above, to an-apparatus for 8507248

4 - 20.2.87. information transm ssion for use with the
met hod, to a dgydﬁg for information decoding and to an apparatys nt ai ni ng
such a device, have been recited in fufther Clains. 5 Bri ef2C8q
description of the Figures: The invention w II be furthernore explained, by

way of exanpl e, t 0 ur I ei

Froure 1 shovs “The a5t FERREsbfir s T8 PRI febighs £5 p ORLE Bor
Figure 2 shows infomuasier dsmdmgoarﬁat@mmﬁamgmoet@renemcbhe devigrat of a
notional {nforngtiee Hedd réOite8XH 2iPire ENfinkde) codi ng organi zati on;

Figure 3a shovvs a different version of the organization; Figure 4 is a
schemati c di agram showi ng an arrangenent 15 of one sector on a byte unit
basis; Figuge Brief aeﬁm mFFQBOWI ng an arrangenent of one sector
on a vvord unit basis ut e emat i c_di.agr which are used
to explain the interled Fg‘ﬁgﬁgf’%}]gﬁ Jp(,i'ﬁl ne 3%18%’ Oby wa o

Figure 8 is a lxxesKledi wifhare ixreare dpptireamosonpanyitissF igpras debeten: -Fi gure 9

i s a diagramof the for%?ﬁgg%ggér Qggg%rg@{ AR dalp @il @pdfkaiSs @ bl ock

di agram of an error corr Description of the data format:
By way of exam$i&: hereinafter, first the data format is described as used

on a so-cal jged " ConpactriBubé "2 shdwsS A0sirdrBE seph bt Hadechdid ;i nventi on coul d
wel |l be used with other val u t fornmat paraneters. L ab t h
nunber of bits within ?%%ﬁeﬁof (QE %?@F?bﬁ%t%ge‘t‘ﬂ r £

in a franme, or expkamum)e:he ole)padingyoxgamtisatsiondded i n succe55| ve encodl ng

QD

stages coul d be differenf,dn F§%e if?efér&”@eﬂsqgn% corded
or channel bits. Each frdrre starts Wlt nchrom zation pa tern ‘of 24
bits. The 35 synchroniEigired patd éﬁhe‘“aé'-ﬁﬁ howings &%) FERANIERERY nat | on

synbol s DB g e drobne08BskRY o d BgEeahiy @agioup RB of three so-called merging
bits Figure 5 is a schematic diagram showing an arrangement
of one sector on a word unit basis; _ :
Figures 6 and 7 are schematic diagrams which are used to
explain the interleave relationship within one sector;
20 Figure 8 is a block diagram of an apparatus comprising a
decoder; '
Figure 9 is a diagram of the format of the reproduced data; and

Figure 10 is a block diagram of an error correcting decoder.

U 25 Description of the data format:
By way of example, hereinafter, first the data format

is described as used on a so-called "Compact Disc". It should be
noted that the invention could well be used with other values of
the format parameters. Notably, the number of bits within a symbol,

30 ﬁhenumbersoféynbolsinasectororinafrane,orthemnnbersof
parity symbols added in successive encodmg stages could be
different.

In Figure 1, a frame. 100 comprises 588 recorded or channel bits.

Each frame starts with a synchronization pattern FS of 24 bits. The
35 synchronization pattern, and also all subsequent:information symbols DB
are followed by a respective group RB of three so-called merging bits

(shaded) which are added to diminish the DC-component of the recorded
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(shaded) whi ch are added to dinfnish the DC-corrponent of ;the recorded

8507248 5 ©30.7-.87 signal .
The |nforrrat|on synbol 0 is a control synbol conpri sing user- bits of
subcoding g ?z{ data. This subcodi ng signal data may be u%s(;c} gp control

t he pl ayback of a disc, to display coOntent-rel ated infor timng

and addresses on a V|deo di splay, or for other useful purposes. 5 Synbols

number ed dioh2 andnd 4nd§ rﬁ"Jt@. AS8Bed for %uﬂmld ol P n
13-16 and 59 32 relélssf d ssym pari % a(?h of t%e@e In géer}%tlon

synbol s c%§PE‘f%‘hB¥ Wﬂﬁféiéﬁareébwéd* B?dslé‘ﬁaﬁ‘r?é‘la 1ifiate naygbeseA g nberATali on

are for meghef pDapbackefsyndicles wdhidebp thyr t&gederMHtai li@Fori4ELoMee [£f Or Med
again. For. brevity J o)‘m)dul atign ess.is not consideredy

further. OFaP3°d %sdf:rref?oet(l Sh B ER2 d3&R EH’ér rllﬁlc?ju?t‘eﬁ kST Péfra%iféder f or
use wst h Simbolnvwenbémed bddorud g -2® arkeafsdgned fof dudgordatd. Thebescoder to

a large exi8BfedViblidgnd 2o- §mpzt 5¢sqg\%& heothga deg be: d {Lﬁrsé%geew'

not be el aborated to the sanme detall "as the decode rmation
synbol s a#l’r*PV@afdﬁnlﬁi’ﬁ'BPlslffenﬂﬁté pf tEoyEkenl Tepprded or| W@Gﬁbdmtat@d 132,
first a sarruegmiaaﬁmdleh HRNY¥SFRddObr dnk6&e RyASA Meeh &aGhg14-Dbit
informatl ?ﬂa[b I S translgted intqQq an 8-bit ¢ode s n(boi. The 8-bit code
symbol i e(Tﬁ % TRy AT B EFIOTIEY 8HRecEiobn? rﬁ&tY’UﬁB%r dedpqdgilation

ci rcumst gnoessaddi 1dtonahsifdeaed ifnkoharat i on may be out putted on

I nterconnection 134 to signal whether the conversion was inpossible or
-doubtful. The m(eirgl ng bits may or may not be taken into account for

det er m niY§E2: z EPh ORI HECRIREr al | y, the synchroni zati on of the

various nodul es igiquee zaﬁ@mlwaeccm&omﬁ ub@rvﬁmZtﬁaeThhwéﬁ%ﬂ h 3 36 p
0 [

or csont 145 E% AR SIS D P £ ) = (FHHS GORER b ERani sm not

shownss Nessm:reﬁximcﬂumm e‘tecethn'and a:heuéforpl,eméﬂ mott heelabordtedi to that 134
and thi 1ty .8 aAs' Ehe QUEANLS . T3 DAIRLLLIL SR G sfxacysed 1

the tinme domaln, . g. hat_ successive I nconi ng code sy are stored

on succegdy @eblltdé%ﬁllaén@afé‘ﬁra Tor SemABILAROIRARE , NIFEY (A BRIIGRAr3dbale on the
basis of c@ﬁmlén 1£~"aﬂte§ F@aceaqtéxewapum%ltbkmmléiﬂonr Spfioless @RSnsI¥bRol .

B ook SHisto i, BLRE RS oA, HHE AP e S85HY S, Ot B TR
148 ape icmnecmms T mdemwtannetrm:mgstpaces yadéytmmh.‘s f1Bf einfotmat36ni s a
decoder fap GeeadhiYeANth ihfeoRhd&ARh®134C05'AGha1 whether the conversion

was impossible or doubtful. The merging bits may, or may not be

taken into account for determining the flag information. Generally, the

synchronization of the various modules is not taken into account here.

25 The control symbol may be demodulated in a similar way as the other
symbols. A branch-off 136 is present for forwarding the control symbol o/
to a control mechanism not shown.

Next, block 144 represents a multiplexer with a single in-
put 134 and thirty-two parallel outputs. This parallellism may be

3p eXecuted in the time domain, e.g. in that successive incoming code symbols

are stared on successive locations of a processing RAM. Multiplexing
is done on the basis of symbols, so that each output of block 144

receives one symbol. Blocks such as block 146 delay the symbols received
for one frame interval. A frame has been disclosed with respect to-

35 Figure 1. Elements such as 148 are invertors for bitwise inﬁertingparity
symbols. Element 150 is a decoder for decoding and, if ahplicable, correct-
ing a received grouup (code word) of 32 sywbols by means of the second Reed-

Solomen code. Thus, on tue output of decoder 150 for each group of



ing.a received group (code word) of 32 synbols by neans of the second Reed-
Sol'anmon code. Thus, cn t he out put of decoder 150 for each group of
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symbol s received,: !rggroup (code word) of 28 symbols is outputted. If

requi red, each may be provided withbits own reliability 39-dg8%r

fl ags. .The bl ocks 152 whi ch are denot ed by reference nunerals 1 to 27

i nt roduce respeg%l ve d{gB ays I nt r oduc ef.f ect.

) 1ved gr, cgh Jf ayi 8 tpu
numeral in the PHdi cates t HeBuetfay exp'r’”% se& ROk BY PfF'é
intervals. A’ 1%eqmd:>¢ateesh feyabols mep Henperwided wiah' ﬁs enghéliabi Bityakbag or

etcetera.” Each Podls0 qgﬁg p Yy
decoder 13() S ﬁ%gefore assi g‘r%d%%&ga?%?%gé Ve nevrkfé}fp or e %fsoﬁ tof2728
symbol s. Thus, HHFoBugs reepacsive felas fedintrrdues aoie-mfseré¢4\e@g %ﬁf\ee'ad over

a large ting intwy v:axferaaaﬂs 't'Bz@ block eR¥i 4t ERe aemyef;ﬁré%aéd %Oar}nﬁreer of

contain onIy a few e rors. nent 4 |s decoder for executipg decoding,
and if appli cab$ %ng‘a &%‘? S SGFh oig gr & By §ig5hs of

the first Reed- Bfﬂemals,cetteeteﬂmu&:acbrsymh&l @rﬁta)lgroqf oﬁewdymbdlﬁ%‘iwuteadlh 15

Froqui rod, - anetnEr i BRI |2 cReFlAHE BeigidBd PRI URY o
reliability fl a@om\edfqr@ge OfTﬂé 901“'8@1(55- Thss wishy Puape efepbtiadthsy medfusy bage

nunmeral s 2 I@trQéwceefé@esQﬁﬁéadvev@kelaaya&greotimat {4681 A cdesiab i lgbidraf ELGL -
The nuneral 2 indicates that the delay is over two 20 frane intervals.

Furthernore, al 88°Wi £AT99a8199BNES SOREIMA PIYs BfRNETSA™r e- or deri ng of the
synbol s is effect ed as Ebewmtbys4 He x dessdergfdr mecuﬂmgaiecedfﬁno and if

appNLeat i on, é lgg & r@éﬂr&gtﬁl Cg; ?ceble, Eermggsﬁsfr 9§I | t{melss fab?,r ca%ncgfal | ng

the effects ste OGN UncorT cas
odd- nunber ed syfissit m—wmmmﬂmﬁemm@mmt 22 3 d@géeméMcﬁMSethJt e

a 16-bit audio 530p!&: 2é\fﬂ':v@f>og Ae@ém\éerﬁfeee,lsaar%&gﬂkgh%mgdggge %ﬂrﬁgfﬁere utlR€a.

reconstltuted by neans of "sone inter- polatin

nei ghbouri ng saﬁ%lrégulrﬁﬁoc%c%%“qheﬁyf@?in?‘étp&t yAIedR RrREidedswith Ags

corﬂr) ef:t ed user Wéiafabﬂﬂg,etfh]&‘ owfiagessms !sltoeklsﬂ$6:1grhﬁ.cftf efe&ienetad Bpfase
synbols are 30 stored unti S cto rese el ement
160 i s a decodef ?ncec‘%rﬁg, %rf%%#f S5 tlé’Sr‘? %g %/(?r mat i on
of a sector. Thiescoamkldingefifect. mmumralé’ m&cpm@ha’ed:herdeiamvm\mm
manner 0 a ySefrAaViferils.S AMheritr@l £150 FDOUR & 22RO EDLEAG 16 N RBA

98 successi ve frames
re-ordering of the symbols is effected as shown by the cross:.ng lines.

In an audio application, this descrambling ensures better possibilities
for concealing the effects stemming from uncorrectable symbols. In
that case, an odd-numbered symbol and its even-numbered successor
together constitute a 16~bit audio sample. After D/A conversion, a
missing analog sample may be reconstituted by means of some inter-
polating algorithm between correct neighbouring samples. '

Block 158 represents a memory for the resulting corrected user
symbols, together with associated flag information. These symbols are
3o stored until a so-called sector is present. Finally, element 160 is a
decoder for decoding, and if possible correcting, the information of
a sector. The corrected user symbols are now presented in conventional
manner to a user device not shown.
Figure 3 shows the combined content of 98 successive frames
35 received at input 130 in Figure 2 wherein each frame covers one line
in the Figure. Due to the combined effect of delay elements 146, 152,
156 this does not correspond to the actual contents of a sector to be
discussed with respect to later Figures. The merging bits are not shown



35 received at i nput 130"in Figure' 2 wherein each frame covers one Irne in
the Figure. Due to the combined effect of.delay el enents 146, 152, 156 this .
does not correspond to the actual contents of "a sector to :be discussed with
respect 2307 4% Fi gures. The nmerging bits are not shown 308584248

7 30.7.87 as it is supposed that denodul ation
has taken place. Columm 102 shows the 98 successive synchroni zation
patterns d8Sit Tis sepmmed ttatudemofQliatiiBh Qasshaken pleees Uinlame 10QN$lewEs of t he

of "data SHEpop ShpSasf198 bRyt forl ekl e BELGRPLERAH fod "7 50" o
r epr esent 2B 4O eshawst e sgbcqdgec@itght qfarhe yosywﬂo#:sanB Miofheahc frdmeane. I n

an audi 0 BskRMd kbm&ﬂldatrapﬁwmeé schef c&Rehe (JralR of BRIRIEN-181 X
st er eopho sa | es x 16 bits each. In the Oth and 1st frames the
%C?Sr %ﬁﬂe P

cont r 8 RED 10452 £iGPRED £oLyHRc APP repBesehs phet emten SiC PAT,
whi ch hasttee pight b@ritgesetirilnert fvbtiretach fEans. | $n Umedudid Ws&du(;e

Py onl 6 LA LIBADS 0 3rAECLOb R ord g Loybhe, Copact 0 o

f ormat , annel " subcodi ng gnal
successi vé xdhtlrigls e3aibol B @h@fOthhatdZﬂrelt tfirroergithe G:ohhﬁolQZfrdiboflrarrE)

const | 1 Ut gukh 4045 OrHuBCL sThERCR: 51 oRSINRER 2SS bk PLBEARLENY o3, PAUSE-

The flag has a |l ow | evel during a rnusic program evel dur i ng a
pausel® antPrERriRgdesomtata Hupstiedtthdy Prrdvhe syBehropitatiertitorhe Teaebf ore,
It Is posat ll eedtdrsel ect specific nmusic by counti ng th| s signal data. The
Qchannel enabl es further coghro.l of t Qchannel

s
information is stBFed A8 &Om cro%’ﬂ&ﬁﬁt%lsﬁr o&ir&éﬁ fbe 'ﬁ PEHE Lgf e oping er it
i s possi bdi@ngd datep(fheoprmhrigednidiret rtn@grcsﬁmt@:eanmd’rebn&mlpg\mmde naoﬁertau

random acgessnd QAL 8b AR 376N RGN Obott 1BuAl n3RECANY: oo The, ghanne! s

R .Wmay contain digitally coded speech as a ormation to the
audi o'%i gipfeen @ mheicQPEPERTAetnd gheauser stThewblag) has ar bowudedkIf durimlgea 25

synchr Omtﬁﬁtlboﬁ:dglﬂaﬁqu?&-ﬂ 1d6& G@i(itngf Qu'faubét Sndl fidsRd @s L£on @Péqulahéys
Thefollowrn four se(ezatre us bits, -The followng 72 bits are

used as dat ag% THie88HEY " i nCFt %ife"rﬁ tlr%at‘:f( ROGRHRE EDEE WRS&?Fdféﬁ mEfifex
code X. Bot homfdes tey wianglf¢adm dddien@ich@fnglo edediennfur@Ber Euntdudr of haisdat a

i ncl udes & E' ”&Jhbﬂdt!h%ablaﬁnﬁgfiQngbfﬂa@goﬁ q@ QH':rr@Il'iq'rnaar%crgioxn%upa:slpgopi{d%gr am

and a ause and a tine indication code giving the absolute runnin
from he r BBf 43RG RIEYER Epiddioant Hieeko Ftep h%ommaﬁlcmwamm@etmm
i ndi cat i cio pesleisiega \vertaiirasdons acesyd fedture at an accuracy of 1/75 of

a second. The channels R..W may contain digitally coded speech as
additional information to the audio signal. |
In the Q-channel, the first two bits are used for the

25 synchronization in SYNCPAT. The next four bits are used as control bits.
The following four bits are used as address bits. The following 72 bits \J
are used as data bits. These may include a track mumber code TNR and
an index code X. Both codes may vary from decimal 00 to decimal 99.
Further the data includes a time indication code giving the duration

30 Of a music program and a pause, and a time indication code giving the
absolute running time from the front end of the program area of the -
"Compact Disc". These time indication codes give minutes, second and
sectorseach in two decimal digits. One second is divided into 75 sectors.
To access the compact disc on the basis of a unit which is shorter than

35 a music perdgram such as in digital data, the above-mentioned absolute
time code is' used as an address. Finally, the last sixteen bits of the
Q-channel are available for an error detection code by means of a
CRC-check. '



sectorseach.in two decinal digits. One second.is divided into 75 sectors.
To access the conpact disc on the basis of a unit which is shorter than 35
a music, program such as in digital data, the above-nentioned absolute tine
code is used as ssp7agbdress. Finally, the gast sixteen bits.of thg Qghannel
are available for an error detection code by neans of a CRC- check.
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| ength of a sector corresponds_to the user synbols of 98 franes his

) 8 fr whi ¢
2352 bytes.5 Fi §Leenss SRotl 2ppbicrhirt B d3tatre lvms 106 day Fiaurs| dhdatsrogped
sector. A sectafitd @ §dtrokil r The pleagth GENPrde8 €S6r @ oBLBPOHdS ¥BCINOBscAAEINAHD1s of
signal of 12 bytes (110) .Next fhere is a header 10 inforpation 112 of 4
bytes, Next té%r%aé?se’ %’Bh‘%‘ d%t%’@gy‘i%%slli?g“ﬁﬁeé e °H%F%’ei sUREROn st ol
error-det ecti opecige HBGerdtlst offa kecrorhytlesectdy $nchedefistbpbed ompt heesCRC
principle and n ed: w.4h - bi '
Q channel of F%"ﬁgroé %_.nc%g?fﬁtg Eiébﬁlegfégg %%)taigeglﬁ%leg %)]flgegel'cgﬁq?qu%hggé 1t\i grallgtag?r
ext ensi on P f imErmapion AeXofthdyéesmr eNaxt tiere) gre 20648 tdatp Rvses (WiS0) Nexd,
10;1 Qparity ?yﬁm Ls’L%a)enforediugcetbidrdc&aedmmlsomrfoﬁﬁdgteih@hﬁgt@ae is
information o r n_be.fet -gether_ in decoder. 16Q.. Figure
4 shows the m%%ge%gﬁ#’goc %?F‘éﬁéﬁgﬁgn‘g%“%ﬁen%e%?&o#‘ﬁs%egh&étﬁ? 6lt%hgu'r ef t
chahnel and ri@ cefmrinethe Qrehaspehwtt Bigure 2.0 Newrthereldsaaispacael 1Bedf and
ri ght channel se it BRcSt £ RO bk di o@af@tctka?sﬁaﬁ&c@,gﬁﬁ%narmqr)% rd

consists of 16 bits ‘and L denqgtes the |east significant | cat es

the most sitgni PFAEYPYEREE. (120) And: 104 QaPFHEY YRR Ed of the dhdsdhesit audio

\c,iﬁt a,h thezdat asa]bm(»ﬁf gma. ”ﬁa otad hjfb@ﬁétibﬁsoﬂﬁeﬁéhsrééﬁgﬂ‘@%ﬁ Lﬁfb{a@eﬁd ' nt@f val
ich is 25 specifie the me sync signal. Therefore, en digita

data is record‘ieg:lhleﬁ Jtrhgg%ré” Lognal format (Figure 1) as stereophonic audio

data, one sector (2352Fbpiresy shows dder e detaifed Giriratgen@fit loff ooerescas t hey

are numnber ed aﬁp@-%%h@g,;t %hﬁeﬁuéﬁ%ﬂ%ﬁ gnadle & At cort t%@ tHboi tal
data of a sector s a [ength 30 correspondihg to the 1nterval between two
successi ve 20t s&Piggdata in left and right charinels of the stereophonic audio
data. In each channel., one word consists of 16 bits and L denotes the
least significant bit and M indicates the most significant bit. As
.mentioned above, in case of stereophonic audio data, the data of
(6 x 2 x 2 =24 bytes) has been recorded in the interval which is
25 specified by the frame sync signal. Therefore, when digital data
is recorded in the same signal format (Figure 1) as stereophonic
audio data, one sector (2352 bytes) is recorded in the Oth to 97th

frames as they are numbered according to the subcoding signal content.

Thus, the digital data of a sector has a length
s0 corresponding to the interval between two successive Oth frame
synchronization patterns (SYNC PAT). There is no interleaving
between different sectors.
_ The first byte of the digital data of a sector has the bits
all "0"; the following ten bytes have the bits all "1"; the twelfth
35 byte has the bits all "0". This 12~byte interval is a sector sync
signal indicating the head of a sector. After the sector sync signal,
there are headers regarding minutes MIN, seccnds SEC, sector SECT,

and mode MOD each of one byte.



synchroni zation patterns (SYNC PAT). There is no interleaving between .
different sectors. The first byte of the digital data of a sector has' t he
bits all "0"; the following ten bytes have the bits all "1"; the twelfth 35
byte has 8A&7S8ts all "0". This 12-Byte interval is a0skéfor sync si gnat

I ndicating the head of a sector. After the sector sync signal, there are

headers regarding m nutes MN, seconds SEC, sector SECT, and m)de MOD each
of one byte. B8 higgders are the address of one segtor and 75 sectors cor-
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I gure or e ﬁea are or
t he user data; \A%g'ggr %1’9@6 %oPeﬁt&reE’fﬁ’rSﬁs &§8:2\W028 to
WL031 ar wodbmnat esie: Immrecﬁ,quqon amdawnem talre m.—pame madmcl WL118 to
WL169gar foddy t&fwno%p&@ r& tﬂé%s%kr&artad%ﬁ%'a&ia fi tpjge header and

user data (W00 thé twel ve sync ronlzatlonbtes The

error coPP’&-’t ﬁ%\"?c&é%"?ée 3‘69%‘? §°tﬂ'fé)3ﬂe§€fe|f°1érﬂ158§<@‘ 32 todiod’ areno27)
and al SOfcbﬂ‘le;hB Warityy'aaﬂd @1 a8 itoywi t6Sekife Eofl ﬂaleSQ-ﬂath}CR@]é)Ié'ﬁoﬁnd t he

11 h d
TPaoe T felaitial Rhal NonaX) ROPLERL 28 (e (O OMN Bl > Uoed 2
pol ynoni alscg(chge twedve synchronizatgio)bytper (The ertis @REectim talea bi nary cofe
Wi th gynbQles-sf Figmmahd gmiu@leﬂ cﬁ‘_ﬁﬁzﬁ- 10001 S webE A" afil8eb iR sQde i used to

check the final reliabil ¥ after the execution of the error “correction.

This che®d FEHIHE Yek"e"'(ﬁ}tf 8L$P e HrRFeRiecand Sherspagectid AgtwPPh t he
Cross-i nties Is@ﬂd}&@n%@tﬁoﬁolb;mespn codes 25 and with the sector-based

pseudo- product - Rge 8gq fai | ed
correction, to a%uglg’rs-@(?gw celER % 0 %%CS &{u&%dse ()r
di vi ded mwlewmyf@éwmgﬁmtsn@mymml t%/(txé and the |ess si gm f i cant
byt e.,gThe g(x) = (:-:16 x4 x2 + 1) (x + x%x° + x +1). The CRC-code

is a binary code with symbols from Galois~field GF(2). This error
detection code is used to check the final reliability after the
execution of the error correction. This check may be executed both with
respect to the decoding with the cross~interleaved Reed-Solomon codes

25 and with the sector-based pseudo-product—Reed—SOIOmn code. The CRC
code- would thus signal a failed correction, to a user device.

Each word WO000 - W1169 of a sector is divided into two
bytes, the more significant byte and the less significant byte. The
more significant 1170 bytes are grouped into a first data plane, while

30 the less significant 1170 bytes are grouped into a second data plane.
The sector-wise error correction processing is executed for each of
these data planes separately. The coding processing for the respective
data planes is, however, identical.

F:Lgure 6 is a diagram for explaining the encoding regarding

35 either data plane. The data plane consists of 1032 bytes comprising

. the header and user data and the CRC and space data and these 1032 bytes
are notionally ari-anged like a matrix of (24 x 43) bytes. For con-
venience, the bytes are identified by the word number of the associated



mor e si‘gni f.i cant 1170 bytes are grouped i nt6 a first data plane, while 30

t he..l ess si.gnificant 1170 bytes are grouped into a second data plane. The
sector-wi se error correction processing is executed for each of these data
pl anes separa The coding processing for the respective dagg pkanes is,
however, ident%i?é:%%lz’.8 Figure 6 is a diagraf®for explaining the encodlkng
regarding 35 either data plane. The data plane consists of 1032 bytes
conprising the header and user.. data and e CRC and space data_and t hese
T08D byt 09 r BNy ke Beob S bR diged 1ot 5 enelRN g8 £ shfler " For
con- veni enceget o byt ReedrSolotiemtodiesad Thy rhbhrixvtype kepbetionfin biis

associ at €d . patidP )
- the interleaved or zationr of the two latt ode
30.7.87 wofd. ese sector-w se organi zgambyt s are encoded Tht o & furt her

set of two Re8#tfsErabshrestions Inébad@trix+ ype depiction in this Figure
Z_howst_the § Nt e{Ieavesl m«gergé E@li@ﬂn@fRéeBﬁlsodl‘&oﬁth @*oaef lfisCﬁQ&ﬁ_ Ratébz@' %ﬁ toeitle 4
irections in the matrix. , w ol |l qwi n ed- Sol onon code
i s used accor&?ﬂ'ljm?oo{ ﬁég‘t’?fﬁ GrmBiss e R %?O%Wr%gﬁggﬁhggﬁcﬁﬂ@qr%rd

| engt h of 26 sywdlzobs-caided dGimensidnedf didneyniiobs. The2zEsoy idtedsP-phbety symbols
associ ated P- | LY SV are sh | ' - P he Lower
end of the Fi ggée&ﬁelqggé%sé'%fazt%eg%ﬁkziit?ﬁ%%gmé%fé)oﬁa@ ggtglé%erier’gtfeed by
the primitiveassecigbed Goieia—feld GE(2'9r mpy tecgensrated by cther pramitire el ement
a = (00000Q10pe1¢rpRihRIRNQ) DB bafng the ¥asy significant. The generator
for the code is ‘given by _the produc err]. The rity check matrix HP for
this code is &2 fa5F ed 18 et vy @i‘?’{e"ﬁ\s%lﬁﬁ(ﬂ@(ﬁaéq) ,tﬁlgeg_aggqq it deing
decodi ng i s Vihe tlkasparighyf RanboIThe[ qunel atdX 48 xh24codeNR) gameh bgrtde = (43 x

cquati on. e PORRE BBy Aot e mi e o ol Bagy

2 + NP) follows:
15 1 1 T ceees 1 1
HP =
a25 a24 a23 ..... at1 1

Assuming that the P-series after decoding is VP, the parity
symbols PO, = D(43 x 24 + NP) and Pl = (43 X 25 + NP)
20 (NP=0,1, 2, ..., 41, 42) will satisfy the following equation.
HP x VP = 0 |
vhere,
4 ' ~
D(43 x 0 + NP)
D(43 x 1 + NI')
D(43 x 2 + NP)

VP = |D(43 x MP + NP)| (Here NP = 0 .. 42, MP = 0 .. 25)

D(43 x 24 + NP)
30 D(43 x 25 + NP)
S As an exampfe, when N = 0, one reproduced P-parity is
generated upon [DOOOO, D0043, DO086, DO129, DO172, ...., D0946,
D0989, D1032 (= PO), D1075 (=P ):] that are located in the first
column. -

35 A further Reed-Solomon code is used according to the diagonal
direction as given by the arrow Qqp. in Figure 6. This code has a code
word length of 45 bytes or symbols and a dimension of 43 symbols. The
associated Q-parity symbols are shown in the two rows QPAR at the lower




VP= D(43 x MP + NP) ' (Here NP =0 ..42, MP =0 ..25) (43 x 24
+ NP) 30 D(43 x 25 + NP) As an‘exanple, when N =0, one r'eproduced
P-parity is generated upon [DOOOO, DOO43, D0O086, D0129, DOi72 . ..

D0946, D%EQ (= PO, D1075 (=Rl)] that are locate 4.8 frrst

col um. 84'%93(2 A further Reed ol onon code is useddoacgor‘%}%ﬁg to the
di agonal direction as given by the arrow [err] in Figure 6. Thrs code has a

code wor (énheémhe @flg&rée byhegnser c@erbehe%eaacb 260k Epat yabol s. The

associ at ed &“ta)étﬁ/eros are sho he two 1 ows t the | ower
PHQ 84. 00BNL e are tisér ymbols Blus P-parity s 1s gR &% 1985 end of

t he Fi guic@lur) .t thes pobgmmishar(g) a:rset%sxme rmer;ban&yrmebls radBiBRyY pairs as
there are usey, syrd)ol s, pl us P1par|1ty symbol s in any colum). The poI%om' al
P(x) is the sig t he parrfy"check matrix is: 1 1 1 ... 5 HP=
[err] sVWhéiR + reproduced Qseriesjis VQ the parity synbols XO = D(43 x 26
ONQ and QL o PA444,98 2642+ NQ)aéatr fy the followi ng equation: HP x VQ = O,
where 10 44 x 0 + 43 x - D(44 x 1 + 43 x D(44 x 2 + 43 x NQ
The ranges are: %ﬁ'} the rggr%ced auies i%)VR, sthe PRIty symbols VD O ... 42
15 D(44 x048 uué%ms@m%ﬂdm 41p (4443 26 N@Q)Déérﬂ:st%%ﬂﬁ&dmm D(44 x 26
+ NQ 20 %@260 V\hen It is assunmed that (NQ , 2, 3,

4 $3, ..., 41, 42), and if there is the

rel ation of (§®(44 MO+ 433 Q)| > 1117, (44 x MD + 43 x NQ will be
cal cul ated as bﬁh)s%lyl 43 X ) 1118). 25 Figure 7 corresponds closely to
Figure 6. Herg respect to - .

b(44x2 +43xNQ) . The ranges are:
. NQO0...25 o
VQ = }1D(44 x M + 43 x NQ) ' MO 0...42

15
D(44 x 40 + 43 x NQ)
D(44 x 41 + 43 x NQ)
D(44 x 42 + 43 x NQ)
D(44 x 26 + NQ)
20 D(44 X 26 +NQ) p
When it is assumed that Q =0, 1, 2, 3, ..., 24, 25)
and M =0, 1, 2, 3, ..., 41, 42), and if there is the relation of
(44 x M + 43 x NQ) > 1117, (44 x MQ + 43 x NQ) will be calculated as
(44 x M+ 43 x N - 1118).
25 Figure 7 corresponds closely to Figure 6. Here, with respect to
Figure 6, the colum for M = 1 has been rotated upward by one position, W/
for M = 2 by two positions, etcetera. The Q-parity symbols have been
shown in two additional colums. In this way, the rows in Figure 7 each
constitute their own Q-series. Again, each column forms a (now rotated)
30 P-series, except for the Q0, Q01 colums. Therefore, Figure 7 shows the
arrangement of a quasi product code using a (26, 24) Reed-Solamon code
in the vertical direction and a (45, 43) Reed-Solomon code in the
horizontal direction.
Since these two Reed-Solomon codes each have b»o parity
35 symbols, even when no error flag exists, up to cne symbol error can
be corrected in each code sequence. When the errar location is known
by an error flag, up to two symbol errors can be corrected This error
flag may be produced by the decoding of the first and second Reed~-Solomon




Fi gure "6, ~the:celumm for M= 1 has been rotated upward by one position, for
M =.2 by two p03|tJons etcetera. The Qparity synbols have been shown in
two. addj tional colums. In this way, the rows in Figure 7 each constitute
their own Q sepa@®4.@Ricn, each colum fonzs a (now rot at ed) 304 Fo2s 985S,
except for the QO QL colums. Therefore, Figure 7 shows the arrangenent of
a quasi product code using a (26, 24) Reed-Sol onon code in the verti cal
direction and eodess, NOWS) bRed.deiSeitoly perintming thkeddoodirgp of athed ReeszSobomon
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to as the P-de n code
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error patternSpeaRnbe GREESESCH thh L% R! syRSis h, 'vﬁ@%ﬁ%ﬁé{- Qafymﬁé!i@m S

with respect to any of the P—serles or@%‘{serles or el Initial
pr ocessi ng; Wcafl 3 OFeuuLBEes hE S ?)a&'tl?%r ROGAT IRt HYRBES be
corrected has Wl@enﬂcéeheﬁmﬁﬂthQ eifrabxmnbol s each, which error

synbol s 10 al so occur e ee erie Ad | ti onaJ
errors woul d nake the glil‘F géﬁﬁjvolg e:lecg?erg §8¥ r{é}e tl"%a%*rﬁzg R ded
for\the two dathe pbaa@g(xtﬁn:aat randgle-%esmélfsargnmamesmmis) in
significant by S¥RS ?&?ﬁ:}%’a‘)’ T, g acts
upon the 1118 E\/\g%s 0 he 15 %zagggr and usg&%a an ﬁﬁrg%ﬂ&% ts and
space bits f B?@%e%Pseqmﬁﬁﬂe%ﬁﬁ%P&tﬁla&ﬁ%t@ﬁs@fcéﬂ? R§CEPe
synt hesi zed and the seqmerr&pe@tmgaaia phangdefted Oeriddding e ayheRGRFBA tandf

the encoder I nEpR S8sER S sdoneh 45 #bd, 1 Salhd REENpent ot B Bfnr
20 Di sc"; furtbhowmin Figures #pdllist oitdined. This (shamxellsdaxpalﬂsl $nbd:he in
g: 8:1{ gl 'ldi slhl %’é@%%ggrﬁiy ge%p?ggsa‘ﬂéep&t%ddf& wgcgg%{/ég% (10 C{9‘&'re-f | %Qﬁ ng
process. 20 Disc"; furthermore it is modulated :mto the channel data as shcmn in
Figure 1. This channel data is supplied to the cutting machine for
the digital disc. Secondary copies may be made by a conventional re~
plicating process. '
Figure 8 shows one embodiment of a decoding apparatus
26 according to the invention. Herein, digital disc 1 has the digital
— signal recorded according to a spiral track. The disc 1 is rotated by
spindle motar 2, which is speed-controlled by spindle servo circuit 3.
An optical head 4 comprises: a laser generator for read ocut; a beam
splitter; an optical system; and a photo sensitive element to receive
30 the laster beam reflected by the disc 1. The optical head 4 can be
moved in radial direction by a motor 5. Motor S is driven by a drive
circuit 6. In addition, the optical head 4 can be moved in a direction
perpendicular to the surface of disc 1 and in a direction parallel
therewith. Focus servo circuit 7 and tracking servo circuit 8 are
35 provided for controlling the correct focussing and tracking of optical
head 4. Furthermore, optical head 4 is equipped with a known focus
errcr and radial error detecting element.
' The output signal of the optical head 4 is supplied to RF-




Fi gure 8 shows one enbodi nent of a decodi ng apparatus 25 .according to the
invention. Herein, digital disc 1 has‘the digital si gnal” recorded accordlng

to a spiral track. The disc 1 is rotated by spindle notor 2, which is
speed-control l ed by spindle servo circuit 3. An opti cal head 4 conprises: a

| aser geneggiusfor read out; a beamygplitter; an optical ?’ﬁ and a
photo sensitive elenent to receive 30 the |aster beam reflecte by the disc

1. The optical head 4 can - be noved in radial direction by a notor 5. Mbdtor
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i ¥ sct | on el ereArERE, BRI fr, e iEritY (R 504 5a8frael H5 cervo
circuit 8caoek @xtyaching edréwit d@rﬂneosmpplgedl‘l@ acﬁrametsyhoodeat:echg'xgand

hﬁ
tracki ng Emgﬁl I Wth a
known focg:s er?:o‘rHjl r}ﬂé git?ferror det ect| ng Eﬁtl("amant f#ﬁe outp ?liignal of
the opti c¥noweggnuey.cAqis demodulation. The 13

20. 2. 8|7 Eﬁ’eldlfobﬁrm&puirm ﬁtﬂtﬁxﬁ)lthe&‘d_ll_ﬁﬁmez&fad dF&Exaﬁm gblﬁfd Ehé&fr&‘rkﬁp' i Ied ’
to a clock extr.act ci e Qut at a,and,cl.ock) of the cloc
extracti n&yﬁ?rsc?ﬁ?‘?i %tﬁqt@ﬁs%’bﬁ%’geﬁf% VWQ aré‘fué'&i Qr%l rcuit 11.
The di gi t shpsligdato mhe(ﬂmuabldelﬂh@ﬂ@t@c 12 argl trbel \spdandie ser\ED cikndwn3dJranner .
A digital denodul ajpr g%gpﬂggda E&Fgg utted
fromthe cl ock extracﬂl%éﬁcécwt 10 an i,%ma sa- tSI gha lgtgllé”tigd by
the frime asdrihigeseriing sionali is PRt edtp R F&%F%cmobl§' {l4| thaenghiul at or
12 and thg ﬁ@fﬂ&l ﬁez@eyvm CThe Wybtah caﬂ&oam&eqdlﬂgequmh wihsgratat ed by

Syst e comPAGHFBFoLS: PR SEFCE BN Oh o r o S0 ToBclye, & FHoritiol | or 14
:ZI?I Sgugpge&aﬂn@: apéﬁatllan@gcthet Dpt$aﬂ,hkad04ataon§raipemmmdsn ak sx.:rﬁldiﬁﬁaﬁ;
are suppli gﬁc‘%cﬁhr Ség an |nt ggf a(%gpgead]éscrlgpﬁagtysgsﬁ eoqg%t@m

cont r ol eiCoptrolisr (b eepfimods read Sk £ |f§xeré%ﬁ1r9@tdls1tt41hélm fxam ghgi t al
si gnal frqg;g&hﬁwﬁmugﬂ@lth@ smjca@;ﬁghglgiumcodl ng signal. The main digi taI

cata outputted o e, Sdhiah dEmPlibater, o sl iRliet Ao 2, B
of the tins buppaledrﬁmougmaamd eontmol2ér 150to @cRmmGaam aremubed by the RAM
ggg}:g: | CleatPec t%,gtcgﬂg 19" "fHe EQRSVAE oS Hifi Basd TvariBe i hnd RerGRI 1
20 correctlon are executed by the RAM controller 15, 'RAM 16 and error
correcting circuit 17, so that the main digital data is outputted.
The output of the RAM controller 15 is supplied to a demultiplexer 18.
The demultiplexer 18 is controlled in dependence on whether the disc 1
carries audio data without the third Reed-Sblomon code, or has this
25 additional sector-wise code. In other systems the audio channel may 7
be cmitted and no miltiplexer would be required. The multiplexer 18
is controlled by system controller 14. The control moae may be executed
on the basis of the information in the subcoding signal. The latter
discrimination information is due signalled to RAM 16. In case of
s0 digital data storage the additional error correction can be undertaken
(as. far as necessary). Data converter 19 receives the digital data and
.~ also the reproduced ,su_béoding signal. The reproduced data is parallel-to-
serial converted by data canverter 19. Also, the subcoding signal is
supplied from buffer 13 to data converter 19. Figure 9 shows an exanple
35 of a word format of the serial signal which is wtpﬁtted from the -
data converter 19. Ha:ein one word consists of 32 bits in which the
first four bits are for preamble, the next four bits are auxiliary
bits of data and the next 20 bits are for data. The dlgital data of the




The out put of ‘the RAM'centrol l-er. 15 is suppl ied to a demul ti pl exer 18. The
dermul tipl exer 18 i's controlled in dependence on whether the disc 1 carries
audi o dat a W|thout the third Reed- Sol onon code, or has this 25 additional
sector-w se code.’ I n other systens the audi o channel may be om tted and no
mul ti pl exer wo&He %eoﬁ)%gw red. The nultipl¥xer 18 is control | e@4p82-d983 em
control ler 14. The control node may be executed on the basis of the
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converter 19. 8fsde ﬁ%@ogaweaﬁﬁ@rslaqa&m@egu%bsﬁ&ﬁsr-r%*ﬁ Buig é‘rchf'@“?b dat a
converter 19. HigsinifatabavsitanBaxany a g el B.a.a/.vomhsf A6 Fofthat! Be cﬁetm'd

si gnal which i t)‘Tyctg‘gfL te fro the d ta conve ter ei n one ErVPaFﬁez‘?text

consists of 32 tjf 5? lfl$

four bits are atixthe aext Istage aﬁdd;st eorw&dtdadtetonﬁﬁ data lﬁorm'aafnar faostatdiaed The

digital data o

04. 02. 1985 use%are mser%g ?ﬁfo%:hséyﬁtgxgs%ong%lm |carjt'§ %ppl,ted ffm
Four control bF‘WWMe%YStﬂ“tz"VtWJﬂhf intgrfang 20t iThg misrosuputen wyaten he
word. Bit Ugi S paoPidesOfhel Plac uhE QitRekss b Jrive @ohBidl gténastémafaéttﬁe

subcode si gnal gre transigtted in series. Bit Cis a channel
di scrimnation® Is a parity bit. This word fornat |s defined in
consi deration of the audh dntapalatod 22 isuggineeted doatthe ottgputgoach?26f ahet he

next-st age and e f . St r er..In
addi tion, data ?g“}lcﬁgyger%n g%w ‘PI er?%%c}t‘gé gﬁ%’ﬁl% o%(rﬁﬁc&a&%gg er 1S
system 21 t hr ofgh thet stergophandc apddo rs ignats ripexelly Q-]/J&Wém l@lepﬂ;wmatmch

read out adgr e%a;ﬁtioéraeverf&n&wecﬁw%lﬁe%e&ﬁ atdf Shd'dhafd 33Ghals An
interpolator 22 is connected to the out pat h "of _the derrult Iexer
whi ch is sel ecPE8 divdded Hatethe §ignats &B ?ﬁjlﬁgﬁ;l@nﬁsﬁﬁé‘rz ¢heenalse n| c

audi o signal s tihesagoyatdd ani rmetdh&aem @he dfdspettivecHdnnels wrd mtrab&dew or
i gnal s 1n ¢he SPRITELR Srite YDA FshteHt: 2 AR i P Sobhieted Vet
the respecti ve lowspasel £ildees Gdhvand 8€R+ 0 the anal og signals by D/ A
converters ZgL and 23Rmpad: g Budd Gar1AMIBHHE LANRRSSaihh! d a1 2y BOYerdRa
by the uffer memory 13, similarly to the time base corrections with
respect to the digital signal in the main channel by the RAM controller
15 and RAM 16. The RAM controller 15 forms the write clock synchronized
with the reproduction signal from the detected frame sync signal. The
o 25 digital signal is written into the RAM 16 in response to this write
clock. When the digital signal is read out from the RAM 16, the read
“clock is formed from the output of a crystal oscillator. Thus, write~in
and read-out of the subcoding signal for buffer memory 13 is controlled.
. Consequently, the subcoding s:Lgnal read out from the buffer memory 13
30 includes no time base variation. _

In one embodiment of the :invention,' upon playback of the disc
for the storage of digital data, the read command for a predetermined
address is first given by the nﬁcro¢onwter system 21. This address is

. the code itself for the display of the absolute time in the Q-channel.
3 This address is supplied to the system controller 14 through the
interface 20. The system controller 14 controls the drive circuit 6,
for moving the optical head 4 nearly to the desired read out location
while checking the subcoding signal reproduced by the optical head 4.



20 The time base variation of the subcoding si.gnal nmay be

renmoved by the buffer menory 13, similarly to the time base eorrecti.ons .
with respect to the digital signal in the main channel by 'the RAM ¥
control | erPHR584008 RAM 16. The RAM cor5rol | er 15 forns t he Mr.02e19850ck
synchroni zed with the reproduction signal fromthe detected frame sync
signal. The 25 digital signal is witten into the RAM 16 in response to

this wit&hehodie Tepsaduatdon i startefgirom the degationt wiichd issea RAM 16, t he
read cl Ockféwssé&bf@dzahﬁﬁ tH éw&apfmetszéry%bathaesehé ladé&tsind Hdes

wite-in and re ut of th subc Si buffer nory 13 is
control | ed®t (5‘7?2831 | SPPrE ‘%&d%ﬁiﬂ’% r%ﬁa’r‘%"e Butf er
menory 13 etor mekre divgloded metlrbasnﬂodoammgaisuqmal Imaﬂesﬁféaosbdmﬁtls)f uiue

roaa cammABRbALEE B e mudBa YRR eld erk b ey Rl 110

m cr oconpmmmﬁpstthQhe Hesignatied aidress mmw |ﬂ£eﬁmcﬂyncrmgaakpl ay of
the absol uge, e fﬁ’thr Ot%ﬁ"@ﬁ“fé productidhSeReIh SR foclt B bf the

system contro the interface 20. The systemcontroller 14
control s tOPETeRY WPE%%’- for noving the optical -head 4 nearly to the
desired read out PRfake 010 mmmﬁ@m&mmm&twbﬁmrtoduced by

Bzeogpt bed ﬁne éﬁec F%I%u%%&%ﬁe é%%’rtf"'%a"%tlaofﬁ tﬂ%@ﬁ‘%?ﬁ?’f of%hich lies a

f ew sect ora'relardoreecttmgmlevem lsalllSasﬂnﬁor mtlsmudhatdlshe andcEgsidmsesioes not

end W t houd,, g‘glrdgg e Qﬁgb% a% error wer e

i ncluded in t subc ?%%Iagl gl HQ&g ﬁa%m red sectar is cau either by ~
the met ho@%@%ﬁy oG dexqleing he Segher SYBF fdgnab) tCPPet he ;o
desi gnat edspegoR e ﬁow@emebue FAR 6 afBerS¥RE dHt@Ndle B6caRaMedndy starting |

t he repro L froma ne of the correcgt subcadi ng signal.
i ur o 80 (b &0 B efnte 2iaa ARiatlng mrsfacy P BeROR OF b Srifforet he
~disc for tdddedttnr eszh sfmbbilgi tal data is played back. The error correcti ng
circuit is used f Jao%%,& di 0 LS utaBfhal 2he HaMCes | t&g of

t s

digital data. The deco or the CI RC code 1 s no Re ro uced data
(excl udi nerrre Hagia 15 RreliptaFiryehoy dasedrer3hte §t%‘ﬁ@@’<{@i’ 8he RAM 16

after the f&tévewepdﬁge@@fbxs teyfbdls. Onlﬁspeﬂdﬁ:deﬁmze orfnb &hel Ndi cating
presence o sence, of . an ﬁ%ﬁa‘}d'%of al,. Eaaﬂery&ool S
read odf f ’t’ﬁ’e% E%le @éé?{% Gren

decodmg are written in the RAM 16. The error flag of a symbol of which

the error was corrected by the P-decoder 32 is reset. After conpletion

of the P-decoding with respect to one sector, the data read out from

the RAM 16 is supplied through the data bus 31 to a Q-decoder 33.

25 The de-interleave is performed que to the address control of B
the RAM 16, and in the Q-decoder 33 the (45, 43) Reed-Solamon code is i)
decoded. The errar flag of a symbol of which the error was corrected,
is reset . Next, the P-decoding is again performed and thereafter the
O~decoding is carried out again. In this way, after the P-decoding and

30 O-decoding were alternately performed twice each, the reproduced
digital data after the error correction from the RAM 16 is supplied to
a CRC checker 34, where the error detection is performed. The result
of the érror detection is supplied to an output gate 35. In the output
gate 35 the error flag may inhibit the ocutputting of erroneous data.

35 In other embodiments, a lower number or a higher mmber of P and/or Q
decoding operations may be performed; for example, if no errors are
detected in the beginning, the P and Q-decoding are skipped.

The error detection result can be also used for the error
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error flag and is suppli-ed through a data bus.31 to a P-decoder 32 for
every P-series of 26 synbols. The P-decoder 32 performs the 20 decodi ng
using the (26, 24) Reed-Sol onon code. The synbols after this decoding are
witten in thePRMM@41608 The error flag of a6synmbol of which theogronnogms
corrected by the P-decoder 32 is reset. After conpletion of the P-decoding
Wth respect to one sector, the data read out fromthe RAM 16 is supplied
t hrough the dacernggtigi ipothe Brdrnedeer323and Psdecoder 33. Umheexhori cnrzettiong
is perforned d R abdigend fg.ggééd;_lr HRAM-AR- 1 gf.#ggr
33 the (45, 43;_13??eed- Sol ergzn%?g e Is decg%é%.eetrhe errofgé‘%dgh{bﬁags%e‘g ol of
whi ch t heerr oAnVid® €879ddRT &f the GIRS gode. Nowy wheRethe Qﬁ%égﬁﬂgmﬁmn
pferfor mﬁd \gng tih@icatés ajhagmh &f&cgﬁiﬂg,i Butcmlaé icnd Mkaﬂﬁi?atésnatd&irﬁ_ewy,
after the P-decodi an ecadin re.alterna erformed _twic
each, the r%prﬁﬂg‘ia&goﬁ‘i 3%%3%@%%%%%&? oﬁoc{erb?nﬁ@”ﬁ%ﬁ?'
16 is supplied to a CRC checker 34, where the error detection is perforned.
The result of the error detection is supplied to an output gate 35. In the
output gate 35 the error flag may inhibit the outputting of erroneous data.
35 In other enbodi nents, a | ower nunber or a higher nunber of P and/or Q
decodi ng operations may be perforned; for exanple, if no errors are
detected in _the beginning, the P and Q decodi ng are skipped. The error
detection r¥@sult can be also used for the error PHQ 84. 008 C

16 04.02. 1985 correction in the P-decoder 32 and

Q decoder 33. Upon error correction, the P-decoder 32 and Q decoder 33 use
the error flag which was generated in the decoding of the ClI RC code. Now,
when~the CI RC flag nmechanismindicates that an error exists, but the CRC
check indicates a correct 5 situation, further decoding of the third

Reed- Sol onon code is termnated. 10 15 20 25 30 35 8507248

17 15 30.7.87. .

20

25
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35



CLAI M5: 1. An information transmssion method with error, correction, said
nmet hod conprising the steps of: a. ‘Reed- Sol onmon encodi ng a.successi‘on of
first nunbers of data 5 synmbol s to produce a sequence of first ¢
code wor dggs@eg4s conprising a second nufrper of synmbols conpgsedgof the first
nunber of data synmbols and a first series of parity synbols;

I nterl eaving the synbols of successive first code words by neans of
respective difimseent delay tines over as many first 10 code words

as there are synbols, in first code rd to prod synbol -i nterl| eaved

first code wordg;' cAn i e°e"(§‘§%§ﬂ“o an“sg\ﬁgsoi(?l"n’&e'?'ﬁg ‘é&ﬁ‘b IOF GBFPEAPBY first

code words salpmethmk camprdgliagicbeostepecaiid code words each. conpri si ng a

third numbeg, of geadboluihpledcsi¥RoP WetladiBe EAY RUIREL & adey =
econ nbol s; d. nodu

synbols and a s series of parity sy at1ng said code
synbol § of sai d s3BRYed te RFQINRR dsseqnence pfofirsti endesyords sadhor i ntroduction

into a medi um f Qomprtlehg A GREbHAT nubted’ &€ ts9hbsIRUcbdposBdlorSaid sdad@ synbol s

are generated by 20 e Reed- Sol gnon_.encoding a_finite nupber of first

groups of user XYPBHR &fidpts 6’6’3’8 sr’é@pécﬁ’ir% sé*%fg%d’édp"frli'r'%t”@‘?’%lfés each

conposed of bt he isyedielasinf thécsymdbby afit sdccesdivgr Hinataculleawdrndssby sub- seri es

of parity symolgand or rIOLILIL SYFRILS: Uerfl (HELEMef U CRlG el ot oroUPS
many sec uniq 0

into as 25 ond groups o ue sy sas Phere rare
synbol 8 i n an exeda®ends gssthepepape symbolssdeandivgtogpdd werditiong a first

sub-series of PRkbiveeS ¥I1SintGEr1eavdaCeira?! OSRNwEREQdI N the second groups
of synbols to produce_extended second groups each conPosed of the synbols
d

of the 30 ¢+ Reed7Sglamonencoding the. syppoliipterieavsdqiings- ede wordst parity -
synbol s, the syrboprodate tdi@egudmeedef] seeamindody @upds ket Gospiidigftaa synbo| s
and bei ng arrange S ctorscoedach QLI espo uni t of . organi satib'r(

of a data format ?5‘1 \r/':'ﬁfnc?'ur £heS998t STIRSLT o P?sg%ﬁiggftstg’legﬁe i th'bf%g’gppl i ed.

35 111851111 1113Byabdls] 41d J] sédontl] series 38 panBy symbols;

18 d. modulating égld7céﬁé'symbols of said second code words into
information symbols for introduction into a medium for later
decoding;

characterised in that said data symbols are generated by
20 e, Reed-Solomon encoding a finite number of first groups of user
symbols to produce respective extended first groups each
composed of the symbols of the relevant first group and a
first sub-series of parity symbols,
f. forming symbols of different extended first groups into as
25 many second groups of unique symbols as there are symbols in
' an extended first group, each second group including a first -/
sub-series of parity symbols,
g+ Reed-Solomon encoding the second groups of symbols to produce
extended second groups each composed of the symbols of the
30 relevént second group and a second sub-series of parity
symbols, the symbols of the extended second groups being said
data symbols and being arranged in sectors each corresponding
to a unit of organisation of a data format to which the
information transmission method is applied.
35

RN S



2. A nethod as claismed in Caim1, characteri'sed in that said user
synpol s are obtained fromuser words.which are each divided into a nore
significant user syrbol and a |ess significant user synmbol, in that said
sectors are or &ya48d in two planes in thayga first plane of 4§ 6L 9!
conprises data synbols in respect of the nore significant user synbols of
the sector and the second plane of said sector conprises data synbols in

respect of the less gj gnifidt@bd d4SEla1¥d0Q) 810 $2IMlapitlePised@fl dmact hat
said steps (e), (f), and g%%bggre erformed separately in _each of said two 10
|

planes. 3. A nfaldoveess ¢ Abtalned, from user Hards whigh are edshsed in
that eaclr"sub- sedivéded Ansso Sd Roné sigmiflaint Yissy EHObEL add a 1fsdTRiGONE188nt

cl ai med i® any one_o [ to 3., characterised i.n at . there is

el Uded wi ¢y n bezcermety B byt st SRRLASIFL 35nided 13 i Fifpes” 1o
detection cuantithat & firsy\ plgatiof asseckar moupiised datm symbohsiriacrespestbdfi n
that said error ggt ﬁ&:téof%aﬂﬂ%dtt }itsézs s3ukdls 8%‘%5_5%39{- - e secdnd™et hod

as clainmed in any one ainme 1 to 5, characterised in that there is
i ncl uded wit hi n 2lagecefosatd sgstor somprises; dase syabela dp-xeprpet ofcthfedesthi ch

ils an6addL ess fOé’i_ghhﬁi@ﬁEtnﬁfer gyﬁnbolé\_dfe_éinﬁsg&gﬂ ?Aﬂg}eﬂnidhaar%iene?@g G ai ms
to 6, characteyised.in there is inpclude thin a sectqr, of data

synbol s a node s{ﬁ?ﬁo&%f’éh‘%nﬂﬁ%%% e sl???‘l’iftSmcH‘t 53%7 °g %’gét B 8. A
decodi ng mabhod plamesiser synbol s that have been encoded 25 according to

the rrEt hod of Claim g‘: Sﬁi&t“g& rhcédc K’&BﬁiﬁJ'EﬂaM‘? étt ﬁggi[npfz éc]-la)r ctér]j.sed
receiving froma medi um a sequence of | nfornmation synbols an t heref rom by
denodul ation forin §hat esgl cbspeniepfcongiersseE dive pardsyvwwmislgonposed of

codg_symbol's; 30  £ji)a methol&z0didihed i ahy ARPIE @8I €0Fd 8GLi NG, the
code synbol s of each secon ormthe associated said first

codewor d havi ng ﬁ‘%ﬂ&*qréfegLﬁ%gg‘?at\gg{‘%ie;?%];’inéé‘b@&) vithip# seckey jof data
de-interl eayi ng éyuboly mbabbriobyited &irodt dxedeiowgaentiyy 35 '
peans of espective g1 gl el g O USSR hn
therein to rest osald error detection quantity is a CRC check quantity.
6. A method as claimed in any one of Claims 1 to 5,
characterised in that there is included within a sector of data
20 symbols a multi-symbol header which is an address for the sector.
7. A methﬁd as claimed in any one of Claims 1 to 6,
characterised in that there is included within a sector of data
symbols a mode symbol which indicates the kind of data of a sector.
8. A decoding method for user symbols that have been encoded
© 25 according to the method of Claim 1, said method comprising the
steps of: _ . _ _
(1) - receiving from a medium a sequence_of information symbols
and therefrom by demodulation_fo:ming a succession of
_ said second code words composed of code symbols;
30 (ii1) - decoding, and 1if ﬁpplicable correcting, the code symbols
’ of each second code word to form the assoc;ated said
first codeword having a smaller nuwmber of (interleaved)
symbols;
(i11) - de-interleaving the symbols of the_first code words by

35 means of respective different delay times over as many

e
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- the original first code words;, (iv) - decoding, and if applicable,
correcting, the synbols of the restored first code words to restore the )
original 5 data synbol s; (V) -+ arranging:said data v
synbol s i nt¥’8&&tors conprising said e}%ended second group3®o°-&mbol s

containing said first and second sub-series of:- parity synbols and decodi ng,

with correction if apglicahiee e.sY s, Qf Q
ext ended second groups and tehgoéﬁggglgsmg% asrgli ?_}I“@g?%f ST F2TEF s of
symbol s to restore t¥he gFigfingd| firsErcoden¥ends; 9. A nethod as clainmed in

O aim8, chanegtelisetodtng,Nahd SE dppiNehbEY BbAlet e M, AL 'sylbetes GPNDI ned
into user words, in that-eachduge%tmnrd consi sts of a noré signi i cant user

synbol and a |ess siifi FRENE s§AfBOYOrIente Faftyrsi the elgimelar e ()
or gani zgd in two pl adexa sywHollat a first plane of a sector conprises the

nore signifigcant _use o] e sector nd the secon | ane, conpri ses
the | ess si S}' fi cant&u%%a4 %%ﬁﬁ sdtag? Styﬁec’is)seéf'g? seqtfs; fouRgising ﬁ%’tdcdecodi ng
as set forth in stepeXtended seeedd greudssepayabalsy comatathg chiddfiidst Wo

pl anes. 10. A nethod,gs seéd eabiserdAoi & e 1.9 r rised in
that said first and é"secgnd sub-serires gac rc%%gyg%mof a?ﬁo%géﬁf&‘ Ps and in

that with respect tovih FeErectiff 16fanpdicprbdrt cthgcaymivls off thege and second

groups @f symbol s ateiteadéd @aeomd Foolps Bnd t8E Odifbb B o NElCIxGAULLCE abl e by
t he assoOci at ed sub- as clainmed in anj)é}aone of Cains 8

sgries. 11. net _hqd
to 10, characteri sedte{rﬁ%tﬁ‘é‘_’t“pgnéaﬁaﬁqqﬁnﬁ? ThEtenS- EYaost et osedet ect i on
quantity is includedsymbbhén a sector of data synbols, and in that 30

upon decodi ng am | nsplbch el E14iGbaMOEEE 80 AERMLLIRS LgTpLRe overal |

n
decodi ng, as detectable by said error deteéectibn quan
user devi ce.said vusar wRbalntare PHIT-FhIoCARRINGA intanessrsuerds,win irhetror

correct%on ¥aERHePwdrd bois18eE h¥d aChoeBithnit B1 (dndi el spitiod AR a
appar at | nput distributing means for receiving user

i T - | i b
ords and 11£09 STERLEICERY USEF) Syubels 1l that SH4E Geotors are organized in

20 two planmes in th&).a7 £8Fst plane of a sector comprises the more
significant user symbols of the sector, and the second plane
comprises the less significant user symbols of the sector, and in

20 that decoding as set forth in step (v) is performed separately in
each of said two planes.

10. A method as claimed in Claim 8 or Claim 9, characterised
in that said first and second sub-series each consist of two
symbols and in that with respect to at least one of said extended

25 first and second groups of symbols at least one symbol in a group
is rendered correctable by the aésociated sub-series.

11. A method as claimed in any one of Claims 8 to 10,
characterised in that an additional multi-symbdl error detection
quantity is included within a sector of data symbols, and in that

30 upon decoding an insufficient error protection resulting from the
overall decoding,.as“detectable by said error detection quantity;
is signalled to a user device. '

12, An apparatus for information transmission with error
correction according to the method claimed in Claim 1, said

35 apparatus comprising;

- input distributing means for receiving user words and
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dlstrlbutlng any recei ved user word into tmo multi-bit user symbol s of
mutuyal |y equal l'engths; a first Reed-Sol onon encoder fed by said input
distributing means for receiving a succession of first nunbers of data
symbol s generated from said user synbols and having first matrix

mul tiplicati o528 for adding to each fi2t nunber an associ.ed7.ir st
series of parity synbols to produce a sequence of first code words; -
interl eaving neans fed by said first Reed-Sol onon encoder and 10

cont ai ni ng del ay nedAstripptingpary iregeiwedpesar verdiinte teatnudeihitt igews to

interl eave the synmbehsivdk w%€§§11‘_§een¥daﬁsie{g@ﬂ§- words over as many first
code wordsas there are sy ols jnafirst code word to produce

synbol -i ntér| eaved & FHAStRRdsSHIARgY; enpader fed by gaid dppif Réetribstinson
enﬁgdler fed Py Sa:jd;nhﬁliserfbﬂ&\élcagvmﬁaﬂss&xﬁ:eésﬁeﬂedeEﬂ&tsHﬁlﬁ&iﬁ|d/fedatal

synbol -i ntar | eave c an vin i cation
neans for adding to ggétls ecn&reeaddco L 834 ﬁ gSQﬁ zﬂ‘ng g%m#l& T®eries of
parity synbols to pmatitixemaltipyicatden otfeagedimdadﬂide teoedch Edrgropesberf a0
code symbols; - qgswiakwsmg@raari&d Ypaidt{ G&ﬂdt ?%% axd @mon encoder

for nDduIatlng sai d code synbol s of sal second de wor I nto |nfornat|on
synbol s for introduéeterrcenio farsteapdim¥esdss at er decodi ng; 25

characterised in thahtaﬂleﬁvﬁ@pﬁéé{sUSeJ Wyt k@aneiﬁ:cmr-ssﬁﬁma ddtbliél and
Reed- Sol omgyp encoder r vide

enc nmeans equentially
presenting the user °§ BF‘?F %FW%Y ?&E?%&Wési"ﬁgfﬂ’éigl §/esé’5?EF’ri %fffer’F%'t gr oups
of the user synbol sdedes ftimes mutinterbedvei phe epbbols manecefseltvgefriesﬁtcbag

associ ated fi7st Sulosey bGsr Qb by erAA! bhde SYPROLS: 00 S LURLEPIG o O

sequentially presentlng mut ua usi ve second groups o
synbol s and associ af&Ep¥ icpde weg @e?t@ycefSMPhi}!ts%&% filgst siodes hird
matrix nultiplicati ggedgans for generati ng associ at ed second sub-series of

parity symgls, and in that aII synbol s of any _ first group_are contained in
mut ual Iy uni que”sec@nfegPd fned %ﬂ'%?%&’\?@?%rafed bygapftib Anterleaving means

21 for receéfvity. Sicced$iveAByntoRal mtiehtSediidCt isiEebdeNwdddal m 12,

characterised in and having second matrix multiplication means for adding to

each received code word an associated second series of parity
symbols to produce a sequence of second code words composed of
20 code symbols;

- modulating means fed by said second Reed-Solomon encoder for
modulating said code symbols of said second code words into
information symbols for introduction into a medium for later

- decoding; _

\~/ characterised in that said apparatus furthermore comprises a third

Reed-Solomon encoder provided with sequencing means for

sequentially presenting the user symbols of é sector as mutually

exclusive first groups of the user symbols to third matrix
multiplication means for generating associated first sub-serles of

30 parity symbols, and furthermore, for sequentially presenting '

mutually exclusive second groups of the user symbols and assoclated

first sub—series of parity symbols to said third matrix
multiplication means for generating assoclated second ;ub-series of
parity symbols, and in that all symbols of any first group are

38 contained in mutually unique second groups and vice versa.
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that .said i nput distributing nmeans 'have a first but put for.outputting a.
nmore significant user symbol of a user word, and a second output for. - .
outputting a less significant user synbol of a user word, in that said v
first andgseyeasd outputs are connecteaito said third Reed28giggepn encoder
for sector-wise entering said nore significant user synbols therein to said
third matrix nmultiplication nmeans for nultiplication thereby as separate
fromany | ess siyni An cpparanmshasd dlaitdde 1saateis d@t, ocharacrkrised iwer sa, 10

t hereby or S| | - 1Nt o a | . nore significant
synbol s an Qésés&gi g‘?ﬁ“% gg%ﬁ%‘;rg%l g%%e@%%c%%%ﬁ?%ﬁ.ﬁt r?rap aratus as
clai med in @taipting, a gorel %ﬁsaiiiaqanehmcsmhoée# ipnugeravordai and lbird

Reed- Sol 0Mogec8nE W pui Fob! Sutipdeeiag & Neds 0o1ak Mt fieragymddids gnal wof

mul ti-symnmbol error, detection 15 guantlt to be contained with a sector of
dat a sysbol¥ger1¥ordanin that fajd Llrst) and,ggcond eytpuhs AFe eMResta%fPsed in
that sai d gedidr €tiirid R&edaSeRmogeaodedrfor 1fectdrtiese Centkding BADY mBté ON
decoding wt or..correction accofrdi Qb claimed in daim S8,
sai d devi ces%é‘%{ciagltn‘bs:erﬁmb??sa&e?ﬁgth{lgnéeéa}r?sp%%ﬁﬁec%gﬁl e to a medium for

t her ef r om redgiplirgtion agarnder olulithpYcatidothesebodss saparagenfremni ng

denmodul at i N, "RALS ok £1 £ R IR0 ibd 1N In CafeD shdlf QEERr], OfhdS ¥ hetdl,0 @ code

synbol to form said Succession of said second code words canposed of code
synmbol sig 25thereby organisine falddsefforetite Py spparase PIrARtitInBLSs for

recei vi ngI tg_hxeglnjmmnﬁygsimbss m;ndeacd% 8 £6i T g 4rd eyl e, arédp&&\iivﬁgy.f ouréI h |
matrix nultiplication neans, for neraj i,ng respect..Q ch second code
word an associ affg’d BTrasqpa's'?/trﬁr 8%3: §§%o|if‘g?i€35ﬁ3r oﬂecclg%?ﬁ%,’ and if

appl i cabl e cerretdringd tine tlwts seiditthdrd &eedreFolomon encodegotiepuevided out put
first code #ﬁxda NAYePO? BORIshChaditThEn Rh1S-Ehmled LARR §aldefgcond code
word; - e-interleaving neans fed by said second decodi ng neans and
cont ai njsng HENEHtHEanke CORtFIREE Tithga riesper tdfvéatd FY®hodft delay tines to
de-interleave tpe, syphparsdust Be d1Reséd/ ad Eia1at 1435 characterise@dm wWor ds and
di stribute themover as many, firgt. code rds 8507248

22 that said generatgp ip,agdCRC ﬁgnﬁrﬁ'g?%' are synbols therein to restore

sai d original fléstAcdedcaofatsinformation decoding with error correction

@

according to the method claimed in Claim 8, said device comprising:

20 - input means connectable to a medium for therefrom recelving a
sequence of information symbols and containing demodulating
means for demodulating each information symbol into a code
symbol to form said succession of said second code words
composed of code symbols;

25 - second decoding means fed by said input means for receiving
the code symbols of each second code word and having fourth o/
matrix multiplication means for generating in respect of each
second code word an associated first syndrome symbol group for
decodiﬁg, and if applicable correcting, the dssociated second

30 codeword to output a first code word having a smaller number
of symbols than said second code word;

- de-interleaving means fed by said second decoding means and
containing delay means for imparting respective different
delay times to de~interleave the symbols of the received first

35 code words and distribute them over as many first code words

N



fi r,s~t decodi ng means fed by said de-interleaving means for receiving the
syhbol s of 'said-original first code words' and '5 having fifth matrix -
mul fiplication neans for generating in respect of each first code word an

associ ated se ndrone synbol group f decoding, and if bl e
correcting, t%gagzsl‘?cl)m ated first code worgizto out put the ori g?ﬁé&d %Z

synbol s; 10 characterised in that third decodi ng neans are pI’OVI ded, fed

by said first decodigggHRansred mswue%m ths'tKrénéLi& Rl 1 Ofy Agpans for
generating further syndrone synbols for decoding, an applica

correcting, a sect of°®% “9L€%: words to output user symbols on an out put
means, said third dggpst Agcsdiagsndans fedlby sapd Qﬁeﬂﬁﬁdlw\ﬁhgtMnUSﬂi‘ Synbol S

of a sectsr as nut uaII xcl S|ve f rst user .s rrb

first sub-series of' S‘é%/jlg tl{‘ a?lc?fng?%gﬁfv%gﬁ%r}g§?'§/é=°§%>é’8ﬁ gups of
the user sygbols anuafingsfiénmmawanmlsmblmﬂ@smeinspaon' tggnegatihog sin and
said third decod noGgans 6Pl SARGE ok %uokBChP hbufkshPld SACHA Lyl 1T St

20 and second groups. vice as clalne alm Yacterised
in that said output sM%sgé?}Wplf?%é‘eﬁ?ﬂWp rﬁ‘drré%lr@?%’fﬁab?‘%@@ﬁsﬂtﬂnh thea user

word froma nore si gekddieaad a6t coMehialrdand ohefit BidBEidiaantaawser synbol,
and in that said sectorg are organised into two planes, a 25 first plane
of a sector being dée‘fﬂ‘b@ﬁ’excl usively to nore si gnlflcant user synbols, and
the second p anehafacaesizetioin heanghilet ddeckdingChesns vadey ptavided,s fad gy f i cant

user symbols, qui %H”Latd&@d}ggtﬂa"ng &%Cg%ﬂlg %&?QE:A& aiife ??fcgkYonOper ative

in each of sald as ¢ n Claim1l6
or 17, charact eP‘F@F@dfPh geperatdpg Hurthen sypdrode caymbonylfor alecodingg rardsif of

twosynbol s andapiichfie WobfedteaPL Gl sé&oatod @284 wBREs ftb'suepRE wsFONd group
said third decoding neans is operative or rengerln correctable at | east

one synbol by nEEpR18f o /B %&@BEl%‘Bﬂ' Sapd Shird decading means befgg A geyice
as claimed in alﬂi’eﬁﬁ@ed)fwiﬂ-naﬂhﬁsuéﬁ bpublbds of a85ét€d48s mutually exclusive

23 charaterls in_that d|t onal
checker is provifdef FB?“pghE%]th' user "fb° a%offirgFr%“b—aﬁ’fiaegt Pork®g hEaf'ntlty
within a sector syshedsi and hatuaéﬂywmpusi\@f smnd goupk et the weenaynbelst o a

user device and first and second sub-series of parity symbols, and said third

decoding means being separately operative for each of said first
20 . and second groups.
| 17. A device as claimed in Claim 16, characterised in that
said output means comprise unifying means for reconstituting a user
- word from a more significant user symbol and less significant user
symbol, and in that said sectors are organised into two planes, a
26 first plane of a sector being decoded exclusively to more
significant user symbols, and the second plane of a sector being
decoded exclusively to less significant user symbols, and in that
“ said third decoding means is separately operative in each of said
two planes.

30 18. A device as claimed in Claim 16 or 17, characterised in
that each first and second sub—-series consist of two symbols and in
that with respect to at least one first or second group said third
decoding means is operative for rendering correctable at least one
symbol by means of the associated sub-series.

35 19. A device as claimed in any one of Claims 16 to 18,

S
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out put for communicating an insufficient correction signalization. 5 S
20. A device as clained in Caim19, characterised in that sard checker is«
a CRC checker. 21. An apparatus containing a device as clainmed in any one *
of O ai 8588480 20, characterised in 4hat it furthernore 26eH-87ns hol ding
means for hol ding a storage nedium interrogating rreans for 10

interrogating said stora I U ns for driving said nedium
al ong sai f#%?é??%&&%i%’ngmﬁg ‘ij&g?‘?#eﬂeﬁ gr r?ﬁaﬁ"s""f" ?A ifgferfaci ng an
out put of edcttingtacmelijasyubolneans detezniompuéntdty sditbilaveesor?2. An

| nformati op,J ngn Siﬁoﬂagﬁ [&gd é’ﬁfdt Qhe%&&?riscgé{{n%‘é&éé’@b aluser Hibgtantially

as herei nbe‘?ore escrib erence acconpanyi ng rawt (r}gs 23.
An error cestpstt fargcermuwdtsid ngetthdasuifiisientt Fenneption h&!@ﬂhmiene egcri bed

with referencegpo hh@emeoggoamm O Ma1W99, 2hardlt RPHA 3h UshakOr
inforndtion transmssion with error 20 correctlon constructed and

arranged t #aidpeheaker sim@t GRE iCBPEKETas her ei nbefore described with reference
to and as shovvml N Ahi gipaestus tonthiing Iaedaﬁeerahaayamddﬁa%ﬁgﬁxe éd. A

devi ce for tio de Odalc :A_Meahi er 0 t|0r11_le cons*ruct ed and
arranged t® gé Wil 5?Ty as nné?‘ ﬁl% #‘8’?53% FEERed with
ref erence hfddand mRng hinmhﬂdiﬁggurseera&eamﬂiamt dntérmizating aexsmbanyi ng
dr aw qﬂs' i%%e%ﬁogating said storage medium, drive means for driving said
medium along said interrogation meéns; and interface means for
interfacing an output of said interrogation means to an input of
said device. ' ' .
22. An information transmission method with error correction,
15 substantially as hereinbefore described with reference to the
accompanying drawings.
23. An error correcting'décoding method Substantially as
hereinbefore described with reference to the accompanying drawings.
24, An apparatus for information transﬁission with error
20 correction, constructed and arranged to operate substantially as
hereinbefore described with reference to and as shown in Figures 1
to 7 of the accompanying drawings;'
25. A device for information decoding with error correction,
constructed and arranged'to operate substantially as hereinbefore
25 described with reference to ahd as shown in Figures 2 and 8 to 10

of the accompanying drawings. \_)
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