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2076569 "A DATA PROCESSI NG METHOD, A DEVI.CE FOR CARRYI NG OQUT SUCH DATA .}(

PROCESSI NG METHOD, A DATA CARRI ER PRODUCED, BY EXECUTI NG SUZE %‘5569

PROCESSI NG METHOD, A DECODER FOR USE W TH SUCH DATA PROCESSI NG METHCOD, AND

A DEVI CE | NCLUDI NG SUCH A DECODER' The present invention relates to a data

processi ng net hod which has a high errorlcorrecting capability for both

burg} errors and randomerrors. An earlier proposal for a .data-transm ssion

met hod enconpas.ilﬁl @éﬁsgi Qﬁoncoﬂr UE&RY%& U’i’ used a
so-called "cro %R?E rq“) eR&bUED a PCM
(pul se code rmzigﬁtt g 8ce 09? g E gfr channel S
arranged in a fm&&tnrabﬁ G A TG, fmén@ﬁw & e Gtﬁjcilx | BEEODEH T OF
correcting coder to generate therefroma first check word series; this
first check word series 10 and the PCM data series of the pl ur al
channel's are converted to a second predeterm ned arrangenment; and one word
contained in each of the PCM data series of the plural channels in the
second predet er ni nedPErREEIERAEIVeREonctrlases WoaotnFacPTaseseing @ethady coder
t hereby to geneha¢ie hasSebdph aheﬁkcdwwcmreaﬁmm €by a3t BUYse drrbes! eave
(re-arrangemnen [ out , nterl eave serves to
reduce the num%)é“rl 4fl.‘(&error(r{?gf)us wor r\fD EEh A ?f’sdﬂ g‘“ 2 S AT AP rect i ng
bl ock when themememaemsapmﬂntx lfercmmntmgrmlrscoermblhn} bl ock

and the RBCM daiged s sbiH1384 t'tc?gs@-fltngérltepa'vggféi'tﬁpgrSegn g LRy 2T €
feturned to the 20 orlg gpParran enent_t he Seof at _the recelving side.

“1'n other wordstFFdE2%e b bie rce ﬁéﬁé?’aﬁ"@d HATANRE eash<tf &sion, the
urst error caplimldigpet perhllel dHhanelxveramyedi ﬁn&dﬂﬁteb{'ﬁfe\terﬁﬁied
performed tw c n ecqnd_check words each forman er
Cor rect i ng bl ogkrertambat 1b A 8oL RL € URRE NBEEE AR cosle U SRl e o
by the first cheegefrerds flt#e CbeﬂoMoctarﬁebee%,orthe%t%dstmhtehb wadosariebeck

words, aml Vi cgny@hsapcMl et £TseE fes bRCLI 5@&:410%&&&&993&&9&9}4&&&/ toSa
I mpr oved Even when in the aforenenti oned data processing nmethod a word

contains only Bﬁ‘é’“gr??ﬁ’é&ﬁ?‘ﬁ‘?f’ ARTRBEHMOt e Ay AN¢ Ford Randainad iR e8sBous.
Ther ef ore, wheaof rehecPcdaBd) series of the plural channels in the second

predetermined arrangement is fed to a second error correcting

coder thereby to generate a second check word series, whereby a
18 double interleave (re-arrangement) is carried out per word unmit.
The interleave serves to reduce the number of erroneous words
contained in a common error correcting block when the check word
contalned in the common error correcting block and the PCM data
are transmitted after being dispersed and they are returned to the
20 original arrangement thereof at the receiving side. In other
words, when a burst error is generated during transmission, the
burst error can be dispersed. If the above-mentioned interleave
is performed twice, the first and second check words each form an
- error correcting block. For example, even if an error cannot

25 be corrected by the first check words, the error can be corrected

by the second check words, aqd vice versa. Therefore, the error
correcting capability is improved. Even when in the aforementioned
data processing method a word contains only one erromeocus bit,

the whole word is considered erroneous. Therefore, when received
30



2 data-including relatively | arge nunbers of- random errors have to be deal"t@
w th, the above-nentioned cross-interleave does not always have a _
sufficient error correcting ability. It i.s an object pf the present

invention to provide an error correctingydata transmn ssion nethod having

both burst error and randomerror correcting capability. According to the
inyention there is provided data processing met hod conprising . the

steps  of: rederdiingladigt sekatively Bpree mumbensyof axdndon arrone hddé stonor d of

10 a data wordygeddaAs #erSacke GbodefrentionddUs Aldst Ynidr 102 ubed noleannel s
~arranged in a first %redeterg%.ned arrangenent ; applying one word on each of

said first pluPiFaXs hgye & puftiaiert, grnar corgecting ilifyor correcting coder
to generate on the lrasssarobd fedti pEithgepessaherinvehtion 2ofproside hackrrvrr d

series; 85 Is u | f.f er I [ val.ues t he, wor ds
of said first Eﬁgg &e\/lxg?dﬁmétedr?éegsn% té{géd;lto e“_%\}\f/?)‘r0 gg‘%%"éaﬁhda r;é%v\%%rg’rsae% es,
after applicatirapdam esedr] cprrenting ragpabbkit¥et i ng coder, to convert themto

a second predet er mMAedrding2bd tHBMnveRRPPrY itheroN8 YRIvdded sareh of said first
plurality of channels 2 said.first check word series in said

0 and e
second predete mﬁ%cflgﬁrar?ﬁgr‘r%dqnt f%mpélgé%ndﬂéerro?te@érreﬁ’i ng coder to
generate a seceadeiliagka wara sreamdyoneddioihfisashofime 6ec data gepéras or

matri x; ®Wpplying C | e da . a. plyuralit,y,of output
25 channel'g %%%apo%dor%ﬁ? _19 ?résﬂa?h\ggﬁgaa%f;f%@%gagrle%ﬁe% ip\%JLéAlv\l/)ér1 ds of the
Tirst check worhawnslsecarranged Ha achignd rredekermiped (rrramgement; on a

“~second . pl ur a'a'b{sVyingoéne wotd Rt emaea%ﬁa Ml%rtehfhﬂahftsg%fl’eﬁ&tahﬁ?él of each
of the first and second h?fk word series of k check words 1s based upon
C

C
the fol l owing SBFTSYSdtt EcttOif ABTF SOTFSRNEPRINIPT LabtPeRFEto™ABe second

error basis of a first generator matrix a first check word series;
13 applying mutually different delay time values to the words of
said first check word series and the words of said data word
series, after application to said first error correcting coder,
to convert them to a second predetermined arrangement;
applying one word on each of said first plurality of channels
20 and said first check word series in said second predetermined
arrangement to a second error correcting coder to generate a
second check word series on the basis of a second generator
matrix;
applying each time ohe data word 'on' each of a plurality of outpﬁt
channels equal to said first plurality and respective wor&s of
N ' the first check word series and the second
check word series on a second plurality of output
% channels; wherein the generation of each of the firét and second
check word series of k check words is based upon the following
parity detection matrix H wherein in said first and second error
correcting coders each word is formed of m bits and a check word
series formed in an encoder completes an error correctable block

to a total of n words, wherein n fé Zm-l:

35



correcting coders each word is formed of mbits and a check word series
formed in an encoder conpletes an error scorrectable block to a total of

n

wor.ds, wherein n‘Jerr]: 35 5 [err] or 10 [err] 15 where [err] is a root

which satisfies F(x) = 0 when F(x) is an irreducible and primtive
pol ynomi al of |dagree mover 20 a fiheld GF(2)~-Qaviously, for the second

error correcti nglcoder tgezval ue 3n is larger thgnsor the first errof

correct i ng coder., It hasgﬁ?en found.that thé~procéssi ng met hod% n

accordance wi tjh*t'"he pres i nvent®on (a ki re-of- (6’eﬂ I)ed 25 &a%ﬂacent
codes” or "R.adjacent code) has a high error correcting capability and
correct sup to ftwo word errors in one block. A'so, 3 word errors or 4 wo
errors can be [corrected when the position of an errore can be det<rm ned
conbi ned with jthe above-nentioned nulti-inter- 30 | egve. Further, when f{

Ny

may
d

i f
he

error detecti g%cke-de IS uate(d-:-to)zor%(akt-u)al y_a one- -ty ){r-0r) a d@eofl
used therefor an be nmuch~sinplifi {
relates to gpdevice for carrying out the data processing nethod as 35

menti oned hereabove, said device conprising: first neans for receiving_an

audi o silgnal gnd generating therefrem a sequence of qdd and everny di giti\
sanpl es; seco d1means fo& distri buuzg each_g\i(_a_rl di gitﬂ.aed sarrp&ehq

1 o 2 o mdeee g 2(n-2) g 2(n-1)

H= . ° . . o . .

1 gkt g2 “(12-1')(11-23‘(12.1)(,4

d in consfriact®on. The i nvené on ajo

ved

~ )
where 0/ is a root which satisfies F(x) = O when F(x) is
an irreducible and primitive polynomial of degree m over

20 a field GF(2). Obviously, for the second error correcting
coder the value of n is larger than for the first error
correcting coder. ' :

It has .been found that the processing method in

accordance with the present invention (a kind of so-called

25 "adjacent codes" or "b-adjacent code") has a high error
correcting capability and may.- correct up to two word
errors in one block. Also, 3 word errors or 4 word errors

can_be corrected when the position of an error can be

i

determined, if combined with the above-mentioned multi-inter-

: 30 leave. Further, when the error detecting code 'is used to
correct only a one-word error, a decoder used therefore
can be much simplified in c¢onstruction.

The invention also relates to a device for carrying
out the data processing method as

35 mentioned hereabove, said device comprising:
first means for receiving an audio signal and generating
therefrom a sequence of odd and even digifized samples;

second means for distributing each even digitized sample



4 into two even order words, and distributing each odd digitized sanple into(g%;
two odd order words, and third neans for presenting said odd and even order /
words to said first plurality of parallel channels. Thus a sinple encoding -
devi ce i s advantageously provided. The ifivention also relates to a data

carrier produced by carrying out the nethod as indicated hereabove, the

data carrier containing a sequence of blocks each block conprising a

sequBnce of: a inhkertvopkveralbrder, werydmland ddisaribwtdng dachsedddugitiized, of

wor ds 10 d%&ggﬂsﬁ ihEORRVER: WoagS w?];dss,a'agd 43524 Walls S&H fresedrigrth

plurality of words derived fromsaid first check word series; a further
third pluralitypadt afddr ard g¥en \zder riorfsde? RetdiLiset Pirprldty ohprgakiel| es;
aﬂd &5 . a flé'hEHx@élsf.OEl‘tIuB pldikplé te)ﬁc&iir}goadﬁcdeié \Wdai tagevestiydpseadasd.
check worgd series. In this way a.carrier r error-correcting data storage
has been provi ded, fig‘F b‘}("a?ﬁﬁf%“ £oF° srteg?ferfg(g?/ear ffglag FroUE ipffl&é:ﬁgi_% si gnal s.
The i nvent i on alasoyingl amesheonex}xdeca;déndfqaltedlsteraﬂqvea t@ data etaraier.
processing m‘actoFQQinin Sa s.eﬁgéuc'eog'g%lop@sr QAP A oc il omPr GRUL s eqBERYE) SES!
a) input nmeans for eacCh ti receliving on a plurality of receiving
channel s equal 96 said first plurality of output channels a data word

series and in paggiteblénAney tqued @ RALE shid Fivbe AaeiMityy @5 words
channel sygqual to.s second ral jty, of output channels a, first check

0 ' I
‘word series andleélggcgﬁ?}“ fﬁéﬁlépc\ﬁg?cf &P+t dafy word; $efileecoder means for
uhder control of feattth phoaidtye Eckonisr desioed efromeprisd fErsty chegih wpide a _
i r st plurality gf . fata words, and a first check word series by neans of a

first syndronme generated 30 therein;'éé deLayiH%Ineans for realigning
shid data word#® &werbery chirdhekycahbexy ofevqrde #87 iRt LEIOPYO PPE%nt del ay

times thereanoR@; said data word series; and
15 a further fourth plurality of words derived from said second
check word series. In this way a carrier for error-correcting
data” storage has been provided, for example for storing very-high
quality audio signals. .
The invention also relates to a decoder for use with a
20 data pfocessing method as mentioned .hereabove,
which decoder comprises: .
a) input means for each time receiving on a plurality of receiving
channels equal to said first plurality of output channels a data
\,; word series and in parallel therewith on a plurality of receiving
25 channels equal to said second plurality of output channels a first

check word series and a second check word series ;

(2]

b) a first decoder means for under control of said second check

. word series reproducing each time a first plurality of data words

and a first check wofd series by means of a first syndrome generated
30 therein;
¢) delaying means for realigning said data words and first check
word series by mutually different delay times thereamong;
d) a second decoder means for under control of said first check
word series reproducing each time a first plurality of data words

3 by means of a second syndrome generated therein; and



d) a second decoder neans for under control of said first check word seri é@"

reproduci ng each time*a first plurality of data words by neans of a second
syndrome generated therein; and 5 e) output neans for each tine
providing as an output on a plurality of_channels equal to said first
plurality of output channels, a series of data words representing a data
stream In this way an advant ageous and straightforwardly operating 5
decutler has beas) psgpuiegkantheor RYEWtHias @ovRdimy abam batputdexiLe i ncl udi ng
a decoder as described hereabove, whi,ch devi,ce, furthergore conpri ses:
fourth means fdt “f%gjgﬁyv?ﬁg&gn%eelrsi §Aat3 qsﬂlldeg’rﬁs;nﬂp‘?"(#?ﬁ’eﬁgr rq)ﬁl’ﬁg

t her ef rom par aldhghnelst,aaf sriehieofr depeobrde rehreneakingl@ data sfream.d i nput
means; paral | e':é.t Bh 5 Wa ad SAOMMEELILI IR AS I%fsﬁs rfahyzaoar%gama data words

provi ded on sai d out put” channel s, —an Igita anal og” converting neans
for ther &f rom fiesefer hag ee@oPRqvidedis audi o signal . - Such device may
represent, for examHetinvedtibh 41860fdlatds to aldewiCé e 1544IQ b Odecadtad ity
than the type hitherta iﬂ ene%al use. . The .pre en}l i nvention. further
relates to a d&t®adeifFale d’%”ﬁ% o fo (1 n"a”‘r?ﬂt Vdcﬁofﬁfr‘ 8715t HEPFB¥%%wi ng et hod
steps: 20 dpurtiecerns Myrarateizing Reseriay damestvraagp emtlifoti me one data
word of a data a S6ki QB & f1 | ¢5S ko P! | f P

(ﬁ&ﬁ& g fl}%rrstrprggrﬁ et ddeaSEoP iE alds XcPiBr)e e 84

channel s _according to a et'erm ned arrangenent, appl yi ng one
word on dhch ofefsapd fippek mepRfial ity of parallel channels to a first error
eorrecting codgarbDleB6IsHr@aDirekbiveting melASi orOfedalliilg S0 Q@ads OF

\hmatrix a first check wor eries, c) applying nutually.different delay tine
val ues to the \M?Fgﬁ PFPVEGRY OF $3f %%té’é’g %"Bglsse’r FE@ Ja‘ﬁatilhé%iﬂ 88of said
dat a word seri espvaftiog mampki fat itherdfoos gettefaring @raoatimmusesiding coder to
convert them tq;g secong, iy gdeiLr M RN L 4 n¥ki Lying one

word on each o%lgg?d first p urcgl ﬁ{)%gf’@%{?ggge{% branfle, a niki AR0
' player of superior qualitfy than the type hitherto in gemeral use.
The present invention further relates to a data encoding/

decoding method comprising the following method steps:

20 a) receiving a data stream by receiving each time one data word
of a data word series on each of a first plurality of parallel
channels according to a first predetermined arrangement,

b) applying one word on each of said first plurality of parallel
e L channels to a first error correcting coder to generate on the
25 basis of a first gemerator matrix .a first check word series,
2 c¢) applying mutually different delay time values to'the words
of said first check word series and the words of said data word
- series, after.application to said first ertor correcting coder

- to convert them to a second predetermined arrangement, )
30 d) applying one word on each.of said first plurality of channels

and said first check word series in said second predetermined
arrangement to a second error correcting coder to generate a

secoﬁd check word series on the basis of a second generator .

matrix,

35 e) outputting each time one data word on each of a plurality of

Followed by 5A



and said first check word series in said second predeterm ned arrangenent
to a second error correcting coder to generate a second check word series \{
on the basis of a second generator matrix, 35 -e) outputting each tine
one data word on each of a plurality of_Followed by 5A 5A out put

channel s equal to said first plurality hd the respective check words of
said first check word series and said second check word .series each on one
of % second piupual ¢ttapnels eqepluttocdminnéimst pheradiity tdné tfeneesgdconiveof each of
.the first an C o « WO + SEr K .C r ' ed on the
foll ow ng pa%fet%?/ ‘8 eékgﬁ%?#g{ﬁ-lsgn%‘e?ﬁ vh%g ?élrrlléts ;alﬁd::jg?%% sgg%%d?lﬁg%}r or
correcting ceardr sexigsheanly ancanesPSias se¢ond pluralipy afheutpsti ehangeloheck
words gener afiedeif) AR SEHRHE{orC BENLRhESE ARe CF QL &R EOIMRLLRY QG¥a L0 2
total of n words, wherein n [err] , and 10 [err] 15 or 20 [err] 25
wher ei n perryeniss of foehask ¥uds is Pasel op Bes fglbevingrearisy hecknd
primtive pohaReRiplan@fidlRHE 68 rit WMl tife GRESUS ebt & dofFdctling fbdersf fecting
a wordwi se parallel to serial_copyversion for the onward transm ssion or
storage of tHFBJEPEE GEPUSTANRE BhRite @BY dbe ﬁﬁnesr‘égéf‘%‘flﬁémﬁ‘?s repr oduci ng

t he data worgkmeanted hacdn whtsinr SéhplB)es aaf éaoki ocrrecvabl@wbbscksesi al to

paral |l el conyersion mher _of paral l,eFlchannel s equal to the sum of
said first a%%ogég&ﬁjgp‘%ﬁrqgri |e5§],'n orér ezcon’starngcti on of the said second
pr edet er m ned ary angenent, 35 \
sFol | owed by 5B { 1 1 1 1 - 1
N _
ol 2 A3 o(.n-l_ A0
w . 2 <4 0. cee <,‘Z(n-l) x2n
15
\°<k-1 o‘(k-l)z d\(k-l)3‘ . o (k-1)(n-1) dfk-l)n
or /
/ | - |
1 _ 1 1 cas 1 1 N
1 <l '“2 o« 02 a‘n-l
20 1 2 o v L 2(a-2) 21
H= ' .
kl (k-1) (k-1)2 (k-1)(n-2)  (k-1)(n-1)
o xX A A /

25 wherein ¢ is a root of F(x) = 0, F(x) being an irreducible and
primitive polynomial of degree m over a Galois Field GF(2).
f) effecting a wordwise parallel to serial conversion for the
onward transmission or storage of the data words and check words,
g) receiving or reproducing the data words and check words,

30 h) effecting a wordwise serial to parallel conversion to a
number of parallel channels equal to the sum of said first and
second pluralities, for reconstruction of the said second

predetermined arrangement,

35 Followed by 5B



5B i) effecting a first error detecting decoding process to the second (EE;
predet erm ned arrangenent according to a first parity detection matrix

"~ which is defined by a nunber of data words equal to said first plurality

and a nunber of check words equal to the nunber of said first series, j)

del ayi ng the reproduced data words and 8Beck words by nutually different

delay tinmes to reconstruct the said first predeterm ned arrangenent, k)

effecting a 3?00@&@&&% sediest Ié}gop%@edémgpa@.%eﬁg tRotdds 10 e ISt
predetermned arra

or to.a seco rit tectjon matrix,
which is defi ﬁ%‘ﬂ‘db{}ga nuf"r%lé'r8 "(?a?ement °°r aq Q?o sf\éf%gfplafé plurality,
and 1) out getedtign afatr e whépk c@uéeﬁnddtby mmdmberchﬁ dpresontds iequaht i on

wi Il now be escrl b b ref.erenc he
acconpanyi ng(g 11J”':\/\Pvmlwmxn'y =i P fm%g)r °Blé§4§fn JIEGF it 520%/\5? rtfé an

exanpl e gf anu@rqropfca;n-demsngsqme@der to which the present invention is

appl 1 ed; Fio4)2 adudyloOhls dBUAIENAN A0 A4 HETENL S

transm SSIOI’] I agram show ng an gxanple of an
error corr ecmungaldhewd@srewtu delay) timas soawesone!#plsstthﬁelsyldjifagstarrs used to

explain the Bpg&g%eqfa;g}gggﬂnqr correcting decoder; Fig. 6 is a block
di agram of a second encoder; Fig. 7 1s a_bl ock di agram of a second

decoder; Figk)g ie§fectipgck s&F%{'@ﬁ SRTR d&"%‘?ﬁlf‘é daroding preseps boithey p| ock
di agram qf afifev grelaedninedFatcangbndnt dcddrdeiz doagrsitoad parieprth encoder;

ki g. 11|sablock dlaramo fourt oder In the fol]ow ng,
Lirst an err8fteS548® M EI‘T‘& 18s élﬂe ys |'fﬂ7'§ﬁf|°cfndﬂ\ﬁ WOpg® d’égﬁ*i bed.
35 to said flrst plural1ty, and
b 1y outputting of the reproduced data words.
The present invention will now be described, by way of
15  example, with reference to the accompanying drawings, wherein:
Fig. 1 is a block diagram shoﬁing an example of an error
correcting encoder to which the preseant invention is applied;
Fig. 2 is a block diagram showing an arrangement upon
transmission; .
20 Fig. 3 is a block diagram showing an example of an error
correcting decoder; ‘
Figs. 4 and 5 are respectively diagrams used to explain the
operation of the error correcting decoder; _
— . Fig. 6 is a block diagram 6f a second encoder;
| 25 Fig. 7 is a block diagram of a second decoder;
Fig. 8 is a block diagram of a third encoder;
Fig. 9 is a block diagram of a third deco&er;
Fig. 10 is a block diagram of a fourth encoder;
Fig. 11 is a block diagram of a fourth decoder.
30 In the following, first an error code suitable for use in

this invention will be described.

35



6 For explaining the error correcting code use is made of a vector (EE
representation or cycliic group 5 representation. In the first place, an
irreducible and prinitive mth order polyfomal F(x) is considered over a
Galois field G(2). The theory of Galois fieldsis standard and will not be
reconsi dered here. The field G-(2) consists only of the elenents "O' and
"1". Suppose there exists a root [err] , which satisfies F(x) = 0. Now, an
ext erision field GF(2m) which consists of 2 different el enents can be :
constructed by neans of the qu <£J££ 51 q;r each be|3%>a di fferent power
of the root [err] (the set of thase HGARTIS i &8 $TENT SPTIRESIPE LW ¢t he
field GF(2m) . ubet é st inade et fa e*dctﬁ(‘zmpalesen@'m&ms:xt hey et © @-anpnt

The extensi onpfiygl r 0 L ng t 4

i rreduci bl e po%?%g%ﬁgﬁgfaig)cﬁir@?ﬁek¥?gg]g QM J};%?#H aéﬁ elenent
of GF([err]) BAATSE idepresEbdiiesn P?hbﬁ?méeﬁb |dﬁ‘ FPnsjdqrad |oven

[err]= {x}, [QrGhidﬁHrﬂLeﬁd Gi@!ll‘fﬁér}hlbeygamehleﬁH{Biﬁl%Jl§f &(2).
expression is rr er err], are e n

Aspan exanpl e”%ﬁ e Fs Jco‘ﬁl&he'pl; {’wh’é?g PRs¢ grﬁlﬁ etre\feelg'ts?a%cf
|rredu0|bl p@F&ﬁ mqﬂns¥%®s|qnlfo¢fekhqpéégmﬁéxﬁ 2J"erand "H ", Sﬁﬂpose

gight'bit daEﬁeWQrQ%ﬂg%étgaf%@fe§§edwﬁ§cBOL£QW§f1Ls F(xfs- 02 Nowﬂ 3
[err] or an extension field GF(2 ) which consists of 2™ different

% _ el2ments can be constructed by means of the quantities
. 2 -

N aL 3, X ! y AT ... x™ ! » each being a different power of
a the root X (the setr of these quantities is called the

15
"base" of the field GF(2™). Note that the field GF(2™)

also contains the zero element. The extension field

GF(2™) is a polynomial ring with aRm'th order irreducible

polynominal F(x) over the field GF(2) as a modulo. Each

element of GF(2™) can be expressed as a linear combination
20 .0 . 2 2 m- 1 " om=1

of A =1, M=4ixk, X" =24x"7, === & =YX .

The general form of this expression is:

a, + al{x} + az{XZ} , ——— 4 amq1{xm-1}

2 me=1
= a8, + a{x + aéx ¢ =———a s &

25 o=t
, or )
N (ap_1» 8p_nr v+ a5 a5, ag)
. where a__,, a _ 5, «.. a,, a, are elements of GF(2).

As an example, GF(28) is considered; wherein the primitive

. sg and irreducible polynomial F(x) is, for example,
_ F(x) = LA, S e 1. All eightebit data words

may be expressed as follows:

7 6 5 4 3

2
a,x’ + agx +a5x +a, X +a X +a, X +a, X+a, Or

7 3 2 1 (o)

. (a7, ag, ag, ay, ags ay, ag, éo)- |
Therefore, by way of example, a7 is assigned

to the MSB (most significant bit) side and a, is assigned

to the LSB (least significant bit) side, respectively.



a7 is assigned to the MSB 3

35 [err] Thereforey by way of exanple,
(most significant bit) side and a0 is assigned to the LSB (| east

significant bit) side, respectively. Since [err] belongs to GF(2), its
element is O or 1. Further, fromthe polynomal F(x) the following matrix T
of (mx m may be derived: 5 - [err] 10 Alternatively, the el enents
of GF([err]) der expPrLenga t9 GIi(RY »a ichldkergemtipishg oonsidering that

t he™r emai nder of GF(2m Fe¥eRpl,Zern! @Yo ff i & LplLgat | .
group with tr;ne torqjxerT[g{,r{. | f t)he.el rren?é _oyg{ég?('[ err sergﬁgx%‘%g%&ganﬁy
usi ng such cy¢tic group; ﬂexfﬂlI@ﬁ?h%ﬁ:?eQﬂﬁ%ﬁhed. [err] In the present

i nventi on,

when m

bigs fogm 1 word

and wor ds

rm 1 bl ock,

are generhted base

d upon the follow ng paH%QICh ck matrix H

k check words
[err] 25 30

The parity check rattix Hcan be=equal I% expresspd by using the matrix T as-

foll ows:

[err] 35

08

1

¢

al, Wwheye | is a unit matrix of (m

X m elenents.

descri bed above,

t he expréessions using the rootok are

fundanental |y the

10

sane as'that u$ing a‘generating matrix.

0 o
. ! am- 1

Alternatively, the elements of GF(2™) may be expressed

ty using a cyclic group, by considering that the remainder

of GF(2™) except zero element, forms a multiplicative
® 15 group with the order 2™1, If the elements of GF(2™)
are expressed by using such cyclic group, the following
is obtained. ‘
o, 1 (=a®), x, x2, «3, ....x%™2
In the present invention, when m bits form 1
20 word and n words form 1 block, k check words are generated
based upon the following parity check matrix H.
r N
1 ] 1 cema- 1 1
l1. 'mz d3 _____ dn-l an.
2 a2 2™ &  aeme- x2(n=1) J2n
H=1|" . " B e o T k.
N
: \qk—1 o (k=1)2 g'(-(k-1)3 _____ ;L(k-1)(h-1) d:(k-1)nJ
} 10 The parity check matrix H can be edually
expressed by using the matrix T as follows:
r-I I I meeea I I h
! T2 ¢ & S ! ™
2 ol B p2(n-1) o208
35 H=, . . . N . -
\Tk-1 T(k-1)2 T(k—l)j _____ T(k-1)(n—1) ;(k-1kb




In this case, it is possible that all elements of the first 5 columm of (;ED
each matrix are selected as 1 or | and the last colum of each matrix can
be omtted. The error correcting code will be described in detail for an
exanpl e wher.ein four (k=4) check words ang used. In this case, if 1 block
of received data is taken-as a colum 10 *Vector V = [err], 4 sfndrones,
[err] and [err] are generated at the receiving side in accordance wth:
[el[u] ]15 [e{»ﬂieﬁ) Each Al aﬁk.tcm&tt&ims o cfmeck m@rgSeﬁlan%s[err] q=[err], |
r=[err],s=[err]). These cheg enerated at the transm.tting side
according to: 25 RS 8$ ﬁrilérg\ﬁ?rsa%m[ee’r r']q’Te?ﬁ‘ﬁ’rgﬁsf'Bf‘F] u\ﬁﬁé’tger% R et
[err] 9 Tdmee cﬁenaamndaldan the c#Hmed red tyatohving these@esiahilrsmeotisix,

equations[er agifuka%goms ﬂelraa;%%q\% GEderill 89dmbhs s %%uléh% S % ¢

foll ows err] 15725 , an error correction
descri beds wrRnlwwe afit aarhcmadmig @re crrekke vl das génerateanss b&@o\ﬂea%ﬂ? e

transnmtted gdituhhensr eaehvadtrifk (S ¥ASEmit teds
' The error correcting code will be described in detail
for an example wherein four (k=h) check words are used. In

this case, if 1 block of received data is taken:as a column

10 vector V = (W1, Wos Way oo Wn), 4 syndromes, S1s Sps Sg
= and Sh are generated at the receiving side in accordance wits:
Sy
S
" S§ = H.VT
Sk
15 o 3
S, = :.- W,
1 i=1 i
n -
S, =2_ T™W
2 :
i=1
n 21
S = z: T V.
3 fI= 1
20 _n 31
\ i=1
Each block contains 4 check words (p = W g9
o q = W oy T=W __,s =.Wn)’ These.chegk words are
: generated at the transmitting side according to:
N— -
25 P +qQ+ T + s-=‘z:Wi

< 3 & ™3 & ™ T & s =2 le
Tzn-sp + Tzn'hq » T2, 7R —}::&ZIW

=95 T3n-6q + TORD, . p3ng =§::T3; i

\
- 30 _
P +qg + T + s =2::Wi = a
p + Tq + Tr 4+ T3s =2 7~1+3 W, = b
P + T2q + Thr + Tss =k__T2(i'n+3)Wi = c
35 P + T3q + T6r + T9s =S::T3(i'n+3)wi =d
N n-4 o

where z::is E .

i=1



assuned that a pointer representing an_error position 30 is not used. (1) _(Ed

If there is no error,: [err] [err] [err] =[err] =0. (2) If there is
one word error (an error pattern S taken9as ei), [err] =ei, [err] =
[err], [err]-=[err] and [err] = [err]. Thus, the foll ow ng equations are

establrshed. 35 10 [er&% 5 At this time, the syndrone [err]
is the error pattern ei F%eiRech yoFgst fidRchee obtaingst Prrsieing these
ejn.s [err] 1elﬁhetahwwasupqudtxmnsanrhe sadichilat iah fid |QSind® in

[err] Apcordbg _ ahnd glgqggtkgnit%re 20 established, 2 word

errors are- nategﬂm{err e err erns at this tine are

expressed 35 asT QIgm@q3J ;ﬂ51g)+lnTL@8 @ég% Qf g3 word errors (ei, ej

and ek): PefrT 35 D can be nodified as
fol | ows: qrr] Accordr ;5;z£ﬁ+¥hg ?b??o ng equation is established, 3

~word errorsrgan adns mrm srncé1+T'+T3)c + d

' T (1+T )
; 4
L _Ita s (7e73e1M)b 4 (1+'r+'r3)c + d
o 3 (141™)
|
o = Ta + (T+T%+T3)b + (1+T+T3)c + d
N 13(147) (147%) (1477)
/ »
p —-T Z'w + (1+T+T ). {z_T 1-n+6y L T p2(i-n+3)+1 wi}
5 + "T3(1‘n+3) e et (1er®)T L (a3
Q =r&52.wi + (1+T+T3)§:Tifn+5 W, (1+T2+T3)
2{ i - - 1 - -
T p2(i-n+3) W, + 5 p3(4-n+3) wi] . T2, (1471,
r i-n+l
e =L?u§iwi + (1+T2+T3)2:T1 n+b . W, o* (1+T+T3)
T r2(i-n+3) w, + Zpd(i-n+3) wi] =3 (147!
s =Er3Zwi + (1+T+T2){E'r.i‘“+z‘ V. o+ 2 p2(i-n+3) wis
25 -+§LT3(}"n+3) ng. ’1:'?'3'.(1-|-T)'1 . (1+T2)'1.(1+T3).'1
X R
G, Next, an error correction will be described when
) the data including the check words generated as above
& are transmitted and then received, In this case, it is
assumed that a pointer representing an error position
“ 3 is not used.
(1) If there is no error, S, = 8, = 85 = 8§, = 0.
(2) If there is one word error (an error pattern is taken

2i

: o s - - . _ 31,
as. ei), S1__ ei, 82 = T ei, S3 = T 7ei and Sh = T ei.

Thus, the following equations are established.
35



the conditions [err] are satisfied. 5 [err] The respective (i?;
error patterns at this tine ar® expressed as follows: 10 [err] 15 As -
descri bed above, -all 3-word errors can be corrected wi thout using the

pointer. If the pointer is used and erraor. positions 20 (i, j, k, |) are

known thereby, 4 woerd errors can al so béd%orrected. Further, if the nunber

k of the check words is increased, the error correcting ability can be

i mproved even further. fS _ Now, an exanple of the present

invention will be desdrfbdd ik reference to the acconpanying drawings in

whi ch the invention i @pgligdsto the recording and reproduci ng of an audi o
PCM signal. Fig. 1 shgqws, &s a whole, an error correcting 30 encoder

provided in the recor i@@ssygt?n1mhose input side is supplied with an audio

PC signal. The audio sBgna hi s provided in such a manner that left and
right stefeo signals arggregapsckiiwel,y tseafhAdmé §aMDsi Bef EBGYENCY [err]
(for exanple, 44.1 kk&% and each sanpled value is coh-- 35 verted into a
sixteen-bit RADHEITRxDFetE881Fn two' s conpl ement notation. Accordingly, the

| eft audi o cHa@neln ptei deseaost B wordf ekbdrd S(LCMGAtEj O L1, L2 ...)

and 12 the right augdi o channel provides a further string of 16-bits PCM
data (RO, Rl, R2 ...).| She=P€M daed of the left and right audio channels

are each nultiplexed-byémord Ry a de%ice not shown, cyclically over a

respecti v@ 2 = Tlei + TVej
~ i .23
s S, = 1?tei 4 12ey
N :

_ 31 33,
u?h = T‘ ei + T-Yej

-

The above equations can be modified as follows:

g . » Y
15 s, + 85, = (77 + T9) ei
s, + Sy = (1t &+ 1) ei
3 _2i,,4 i .
T S3 +8, =T (7 + 1Y) ei
Accordingly, if the following equations are
0 established, 2 word errors are discriminated.
i, _
(T S, + sz) = TS, + S,
iend _ d
™(1Is, + sé)- N
NI The error patterns at this time are expressed
25 as follows:
-j -i
- S1 + T 52 ) S1 + T 82
el = i3 °* ej = - gy
- 1+ 774 1 4+ 19
(4) In the case of 3 word errors (ei, ej and ek):
30 -
o S, = ei + ej + ek
L j X
S, = T ei + Tdej + T ek
S, = T2les + T2ej + TFex
' | Sy, = lei 4+ T33e5'+ ek
35 _The above equations can be modified as follows:
TkS1 + S, = (T* + Tk)ei + (1Y +.Tk) ej
™s, + s, = (Tt + Tk)ei + (1) & Tk) ej
k2 O .2i.di . .k 2§ (md . ok
LT S3 + 8, =T (T7 + T )ei + T°Y (1Y + T) e



plurality of six encoding channels. Therefore, totally 12 channels of PCI\-@
data series are input to-the error correcting encoder: At a given or
predeterm ned instant, e.g. 12 nunbersiguch as [err] 10 [err] are’input. In
t he exanpl e .each 16-bit nunber is divided into eight nore significant bits
and eight less significant bits. These eight-bit groups will be called
"words" herein- after.ACopSes0&hYhyift fBet fO Lo erasuatiomr bsessed
accor-di ng t @statysHén] PawabhebreBasnehs. VO i Qe dbadida WeL of the
PCM dat a series is indjcated a; {)errﬁ], its upper 8 bits are expressed as

p

[err] and i '8 SEIHT197%r 31 eRpPesSed?ald ] &5 F reAR1I3E L 19 exanpl e,
the nunber L6n is divided LptQkiwo r deerr] yand [erelklNote al so the
earlier use of n as a di m%sﬁgngofs\é\ﬁgq?ak{srﬁ*'xs]&) H. 1£I'he(r“}DC%)d‘élt%:5zeri es of
24 channels are firstly fed to an even and odd int vey . d.yIf n =0, 1,
2, ---, the words [err_ll (ie. [err] and [err]), [g'rﬁ]ri‘}?3.e{%§). [err] and
[err], [err] (i.e. [ert}®afti®Peffiy® RERPF ERTEeet (3¢ ahi-1 b 79, aFRrr]
(i.e. Jerrlexyrkdsyd]|ads ansiiews} (i.e. [err] and J[err]) constitute the
even order wordg, while the other words |ikew se are odd order words. The
PCM dat a series; 30 corjsti 09" Of +even Josdern Ordsisay e respectively del ayed
t hrough Pespect | v delay e tsToy detay i = 2B, 3A, 3B, 4A, 4B,
5A, 5B, 6A, 6B,: 7A and 7B of fheTeven(dnd odd interl eaver 1 by a one word
interval. Further, in the even-rnd odd,interl GONSL 1l such a conversion is
35, carried out that 1 dat®a SBri et Londi Sti fg Tof evin order words occupy
»1st, to 12th transm ssion channﬁl|§.raﬁd 1§1q_ jakseries consisting of-odd
\.~order words occ;upy 13th to 24t trans_r)ri sion channel's, respectively.
i S, + (T77 + T-J)S, + T-l-JS

- 15 Lek .
- (14781 (1 & TF7)

As described above, all 3~word errors can be

i

3

corrected without using the pointer.
If the pointer is used and error positions

20 (i, j, k, 1) are known thereby, 4 word errors can also’
‘be corrected, _
' Further, if the number k of the check words is
increased, the error correcting ability can be improved
even further.

25 ~ Now, an example of the present invention will
be described with reference to the accompanying drawings in
which the invention is applied to the recording and
reproducing of an audio PCM signal.

Fig. 1 shows, as a whole, an error correcting

30 encoder provided in the recording system whose input side
is suppiied with an audio PCM signal. The audio PCM signal
is provided in such a manner that left and right stereo
signals are respectively sampled at a sampling frequency
fs (for example, 44.1 kHz) and each sampled value is con-

3% verted into a sixteen-bit number expressed in two's
complement notation. Accordingly, the left audio channel
provides a string of 16-bits PCM data (LO, L1, L2 ...) and



13 The even and odd interleaver 1 serves to avoid the situation wherein @
nore than two adjacent nunbers of any (left or right) audi o channel would
be erroneous and.the errors would then be incorrectable. This can be under-
5 stood as follows. Three adjacent nunbers [err] will be considered by way
of exanple. Wiere the nunber [err] is er¥dneous and non-corredtable, the
nunber [err] or [err] or both, should be correct. In this way, the
ergf.pneous nunmber [err] may be restored by replacing it by 10 the directly
precedi ng nunbee ’f‘éﬁ’i‘} grddy cherngiede RV T i hgT HaRBe? tFére) °for by the
average val Ue1@ibL1r:]§nﬂCMeHEL]ta :(morra]rcm J rman.%ﬁ)s. Ej'hﬂils palmvadegAamZ&h@ept gbl e
approximation of the "true" valye o err]. e delay |ines , ,
TR 0r the. evehSaRGBAAr HARE: PR SPARHS S 30, THER POICABEAX8A CHSHRE o
be cont ai ned vy di §éetent netr ahowar,r egtdnigpdll e keveFuat hespethtaviecason why
the transen ssignrcgagnel $ fsg_g: each fntheh dalg ger,}gsrgggsiest itrcl) q_fl t he
even order words and the& difrd S&G°6s (ﬁ)ncs@srfl%g of ~odd-order worgs are
gathered is thatchhenelbheoffaP&@Ms daites Xriwe ame eihpavetlp the e@irstoance
between the r | osl.tl of e Lace or,der. ds
are selected g‘g?%g‘lr:ggggr tghgé)&%%sfsi ﬁHeL %diﬁeg%uﬁ%ggeggg{“%gggvégﬁgﬁ odd
i nterleaver 1¢-£.he1PCM1mh?a:SseMCéls aX L cRginel BgappeaRgin a Tighgts 25
predet erm nedgarranggnent. {he worgs that glave begn del aged by 530016, sy d
interval ftave ®ReR’ i nfintdl edopydn 6mdi’ t Hen+hs TQm#GE pbnmds | ower at the
output of intEr| Bagepxampieomaiche 1oedide eP UM Bladdvidpredntoact althe
_ Tour first cheekeWwoigsilreckhtana tderdnet £ s BPs ans eEhoFi cankestivag bl ock
~0of data words, This eryfor_cgorrecting bl ockothere{ore"conpri"s s the words:
(lerr]: [orr]Theer PI6PErPLY BEAHRS [ErLY 0g o7# ] 1o LppFas" Rerein-

. after. Consequently, the twelve numbers are processed

15 according to twenty-four parallel channels., Now, one

16~bit number of the PCM data series is indicated as Wi’

its upper 8 bits are expressed as Wii A and its lower
H

bits are expressed as Wi respectively. For example, the

,B

number L6n is divided into two words W12n,A and W12n,B'

20 Note also thg earlier use of n as a dimension of the
matrixes H.

The PCM data series of 24 channels are firstly
fed to an even and odd interleaver 1, If n = 0, 1, 2, ===,
- (i.e.
amd W,

o the words'Lg  (i.e. Wion, a 2nd w12n,B), Rg .
~ W and W

25 12n+1,4A 12n+1,B)’ L6n+2 (i.e. W12n+4,A 12n+h,B)’
Rgnez (1:€c Wino s, 4 @84 Wino o p)r Lgney (1eee Vioiig.a

and W12n+8,B) and R6n+4 (i.e. w12n;1-9,A and w12n+9,B)

constitute the even order words, while the other words

likewise are odd order words., The PCM data series

30 consisting of even order words are respectively delayed
through respective delay circuits or delay lines 24, 2B,
3A, 3B, 4A, 4B, 5A, 5B, 6A, 6B, 7TA and 7B of the even
and odd interleaver 1 by-a one word interval. Further,
in the even and odd interleaver 1 such a conversion is

35 carried out that 12 data series consisting of eveh order
words occupy 1st to 12th transmission channels and 12
data series consisting of-odd order words occupy 13th to

24th transmission channels, respectively.



35 [err]; [err]; [err]; [err]; [err]; [err]; [err]; [err]; [err],,[érr] @
[err]; [err]; 14 . : 13 3 [err]; [err]; [err]}; [err];
the first coder 8 therefore, twenty-four data words of 8 bits each are

encoded to yield four check words. Conse- uentl%/ the fixed paraneter
val ues of the code US¥d $ief%e apd @dd EEteﬁleaé’eIk SETVAS PeM ¥vebdseri es
and 4 checktnardymwuuﬁbﬁuwnéfmhmOmarsecnad wmbeadﬁaﬁanéJndmbéhssof

interleaver e nositi th a h ed 10 such that the
check word se grsleaf?ce %crg %ﬁp"o 1\?\%éﬂ fﬁggbéﬂﬂ hETie g%% 5 CONEPET éof t he
even order \kbledgr.m’d'% hveo HEM tiaem Ber insorgasitabiley (fifhitsmcac:dob@rmdem@rds,

and ther gaf g%ohhasded@yl&wceﬁﬁré@raa hSehit ahln&ﬁ:weﬁq, is perforged. This
del ay processg.is such that 27 trans- m ssi 0 nelisExcebt thelfirst

transm ssi oN*¢raffel® Tt Y &Y \jaﬁengeF‘Pﬁ‘ ed'eq PR eT oF4 1D,
2D, 3D, 4D, is- er2GDeants 23t (ndrer ecBrestablei,t tdlal agunaarmrﬁg .4 respectively.

AL the outpyt of e dduiel | aRyera9%28edatacter iies Al d Ny SSaond

pr edet er ni ned+dr'r angement’ appear From the réspective ata series, the data
words are dE8FFPSEodTe BRRATR LIHRAY PRerRstazes: % derlrulngdet B0 which
then producenesadqnd tahieghro®sditng ehtthbapdL] errbm b¥1ﬁHdWﬁ1ﬁKHfEﬁtlng

bl ock i ncl ug]p? mﬁ}(ﬁs%‘}"h hLeck vvordg Z%he 09 conS| stl ng, 3@ words,i s

| i sted herea a :I-e1a by jDTn"a C o ng clhanne Wi+1 decrease
t he val ue oantdhélu,,qdeﬁrbfmmabynamtmant thisipriovibde=scar ;agesptaidbe [err];

[err]; approximation of the "true" value of L,. The delay lines

B
\

s 2A, 2B ... TA, 7B of the even and odd interleaver 1 are

15 provided for adjacent words to be contained in different
’ error correcting blocks., Further, the reason why the
transmission channels for each of the data series consisting
of the even order words and the data series consisting of
odd order words are gathered is that when the data series
20 are interleaved, the distance between the recording
positions of the adjacent even and odd order words are
selected as far apart as possible.
At the output of the even and odd interleaver 1,
the PCM data series of 24 channels appear in a first
25 predetermined arrangement. The words that have been delayed by a
one word interval have been indicated by an'index thaf
S’ is twelve points lower at the output of interleaver 1.
From the respective PCM data series, each time four first
Q . are derived from

o 12n’? Q12n+1’ Q12n+2’ 12n+3
30 an error correcting block of data words. This error

check words Q

N correcting block therefore comprises the words:

(w Wion+e1-12,4° "12n41-12,83

W L)

12n-12,A% "12n-12,B’

12n+4-12,4° "12n+4-12,8° Y12n+5-12,A% Y12n+5-12, 8}

W

12n+8-12,4% "12n+8-12,B% “12n+9-12,4% ¥

35 12n+9-12,B?}

12n+2,4° Y12n+2,8° "12n+3,A7 ¥12n+3,B5 Y12n46,A7

Yi2n+7,4% Yi2n47,85 ¥

E ¥ ¥ ¥

12n4+6,B} 12n+10,A° "12n+10,B’



[err]; [err]; [err]; ... 35 [err]; [err]s [err]; [err]; Terr]; [err]; 15 3@
[err] [err]; [err]; [err]; [err]; [err]; [err]. An interleaver 11 is

provi ded which includes delay lines provitding 1 word del ay period for the.
even 10 order ‘channels of 32 data series including the first and second

check words, and al so |nverters 12, 13, 14 and 15 are provided for the

second check \‘l(nraqllﬂar iAS’S . frimqn @rl‘éa}ggﬁ @12§Qr1ve§1t291+a§h0|%2q,y+q1)a def ect
t hat~'a bur st rror erval whi ch_duri ngrtransm SSsi on vvoul d cross the

boundary bet (ﬁﬁﬂ BT HEE ot BT EFe5Che “HFP o G Warfce “Rr dmngt
words in an eBr@nt$omaﬁH-arémpﬁﬁamkdthatytb&dcmbb@ChMQmHWVﬂﬁﬁﬁ.VEBA&EDG
rendered i mpogs| nverters 12 13, 1 nd 15 serve o avojd such
an erronedus §perat|on T?g Rarane TN gueSne%bF fk ig |ﬂﬂﬁ§"¥?r%y a
drop-out duri mget rnarFsrﬁ%,sHmrF ahd/ler=recording and this is discrimnnated

correct in the reproducizy sypt&Mtaf9t-e¥8Mh8, ua%h%%lé Wo‘ifd’aéengeé':lxeé‘ce
in the audio representatlon Such silence interval woul here- fore yreld

a second checK®flor® Seri%serf rivteRteayem 2er &n Shivhdnitierdidares Rluced
code words ar ehlei ?pto&i'd:l’brid’leoﬂ‘ﬂsé chahne®s efe tchangddgure i ncl u3| ve of there

respectiv del I ncurred. The finall roduc d bloc 24 PCM dat a
wor ds and cﬁch' srkﬁ‘s chnrel% i 75 by° ﬁxpgr &fPer© t§éir< PRATYESR er not
shown. A syncﬁﬂﬂnﬁaqﬂ;%ﬁqyﬁﬁ o¥ndEs ping of the even order words and

the PCM data series consisting of the odd order words,
. S and thereafter the 'delay process for this interleaving
~ is performed. This delay process'is such :that 27 trans-
) 15 mission channels except the first transmission channel
are delayed by delay lines with delay amounts of 1D, 2D,
3D, 4D, --~ 26D and 27D (where D is a unit delay amount),
respectively.
At the output of the interleaver 9 28 data series
20 in a second predetermined arrangement appear. From the respective
data series, the data words are derived one by one. Then,
the words are fed to a coder 10 which then producés
second check words P12n’ P12n+1' P12n+2 and P12n+3' An
error correcting block including the second check words
25 and consisting of 32 words is listed hereafter. Note that
N - a delay by jD in a coding channel wlll decrease the

value of the index of W by an amount of 12.j.D:
Wi2n-12,4 ' Y12n-12(D+1),B}

. 50 "12n+1-12(20+1),a" Y12n+1-12(3D+1),B}

Wi2n+l-12(4D+1),a% Y12ns+4-12(5D+1), B}

¥12n+5-12(6D+1),A; ...

35

P
Wi2n+9-12(10D+1), A} "12n+9-12(11D+1), B’

U2n-12(12D)} Y2n+1-12(130)° Ur2n+2-12(14D)° %12n+3-12(150f



I s added at the beginning thereof to formone block which for conveniencg
wll be referred to as a transm ssion bligck as shown in Fig. 2 and then

bl ock thus nmade is transmtted and/or recorded. In Fig. 2, for the sake o
brevity, a word derived fromthe i'th channel is shown as u.. Practical
exanpl es of t"hegrﬁ,i_—,gnaé(pe;@yessi-ng system may be magnetic recording and

r epr oduci ng apparatus, rotary di sc apparatus and so on. 16 The above
cqder 8 relates to the above-nentioned error correcting code wherein the
val'ues of the fixed code paraneters are m= 8, n = 28 and k = 4.. For the
encoder 10 the corresponding fixed code paraneters have 5 the values m=.
8, n =3%ang; k = 4. Thus the gonplete block of Fig. 2 conprises 32 x 8 +
16 = 272 bits.12m+ the! HeRoR) hg dRarildn,12(i27M) *t he synchroni- zation header
is removed by g dew ce noj {shgwn. ; The _remai ni ng reproduced 32 code words of
each transni ssih bl 5Tk ar “ﬁbﬁl i ed2Pd3t he I nput “of an error correcting
decoder shown in Fig. 3inDuetéoléheerepnodscCipd@ vildecEShidIer £ndé Sudes
possibility t hye; r . dat ain.an error. . 1f there is no
error, 32 m?%g%}ecﬁ%gfhgpﬁgﬁtlg%f % %gg e_é‘%d‘é‘;y Ferlopfot ot SYRE 32
words thaf h&Fdeipethadgels "tfhgz cdtputerdes tinsledingr correcting encoder. At

the error cormectsiig desadeiecbhe GRekRt %rdlsea\é%ﬂa&@ésiMéfP?nﬁ%Dg the
i nterl eave pr cess a%ﬂé he_encoder is perforned to return the order of the

‘ data 20 to tHe oriYyi bt _F® aRBCYRERt ARTeM PG EHFTRLITHRLIPIERERs i s
carried out. shrifdgstTheasishenheanefri 91 3erwrede-tiontaardifR\veicH Ga i Sepéovi ded
T whi ch del gy Jld NeSy, SN DAYE NG Be H6L DY WRTCHO B s Wlath e £5 PLQVI ded

for the o&d order trans.

would cross the boundarvbetween adjacent blocks would

‘ also be apt to influence so many words in an error correct-
ing block that the correction thereof would be rendered
impossible. The inverters 12, 13, 14 and 15 serve to
avoid such an erroneous operation that all the .data in

2 one block are made "O" by a drop=out during transmission and/or
recording and this is discriminated correct in the reprodﬁcing

system, for example, as an interval of silence in the

audio representation. Such silence interval would there-

fore yield a second check word series different from zero.

3 The finally produced code words are listed in the lasat

column of the figure inclusive of there rehpéctive delays

- now incurred.

The finally produced block of 24 PCM data words

- and 8 check words is serialized by g:parallel to serial

30 .onverter not shown. A synchronizing signal of 16 bits

is added“at the beginning thereof to form one block which for

convenience will be referred to as a transmission block as shown in

Fig. 2 and then the block thus made is transmitted and/or recorded. In

Fig. 2, for the sake of brevity, a word derived from the i'th channel is

shown as ui'

Practical examples of the signal processing system, may be
magnetic recording and reproducing apparatus, rotary disc apparatus and

SO on.



25 m ssion channels and inverters 17, 18, 19 and 20 .are provided for the <:i§
second check word series. The outputs fromthe de-interl eaver 16 and
inverters 17 to 20 are fed to a first decoder 21. At this decoder 21,
syndrones [err], S12, S13 and S14 are gepgrated froma parity detection 30
matrix [err] and input 32 words V as shown in Fig. 4, and the
above-nentioned error correction is perfornmed based 8 upon the syndrones.

In‘kig. 4, [err] is an ehenaabvef cdet )8 idEe s woféhefasbee%bmt&'oﬁ%dand
i rreduci bl e po?nom al of reem F(x) = [err]+1l, Fromthe decoder 21, 35

24 PCM data SIS %ﬁﬂrﬁcﬁhg k SREPd ST dihe dealved. oh: theefiXR6rd of

t he data sencﬁﬁezmﬁmnméeéréahrbeas& B ,bir )= |28aﬁd£dkmblbh Bbswshehet her or
not there is an S1d9 40 ePginter bi 49 sgre %’éans ort d |nh3|mlar
way as the further { ®dafa srpﬁ' UNE FHESE P2 PARAmeE ?Eﬂt 8%fa
series from tthee d‘ea:bel%# @1—a8e fieed B2 andek it fd chives PRe whpohleéeves to
cancel the effgptis oF ldféay Egﬁ&ggsggrfﬁ ned by {des |§§§r#gg¥er 9 5in the

error correcting encoder Ich délay lines with different del ay
peri ods of 27D, 26D, 25&Ff th? dpcafd neD sted ity i Tk § oFhe heyashrepiz7t h

transtrjn 3SI 03 ﬂwmezs : |}$em7.]a-@ﬁ oyt thofvEmetyh%. @ﬂwd isuzﬁrﬂ&ﬁvsaﬁo% It@hia?d to a
second decoder in i ch syndr err] an are generated froma
parity de ectzi'ed'ﬁ’“rfh’_trﬁff@??%uﬁﬁgng%p%PdeWrd(fs 9%r$3ch KT RRBMASPACR . 5
and the a overlcm;nu omeel 2ppdiedotpethieoinmtcarf st extobasetdrapoinighe

$y”dr°”es egze uctﬁ’wnzi?n g*ﬂg p?' Nhele teo %.Iﬂé’gréé’r@d&‘@{ﬂ H38085 ©f 's

coxrected |s eras ter reI error
~tannot be cor"r*’é%ft%d’-5by‘itPl@sGllabEaélézﬂ=’5’2:§1'lasst r?é’te é-'f%ﬂl‘ced data contaln

4 an error. If there is no error, 32 words fed to the
input of the decoder are identical to the 32 words that
s had appeared at the output of the error correcting
encoder. At the error correcting decoder, the de-inter-
leave process complementing the interleave process at
- the encoder is performed to return the order of the data
20 to the original order and then the error correcting
process is carried out.
At first, as shown in Fig. 3, a de-interleaver
16 is provided in which delay lines, each having a delay
period of 1 word, are provided for the odd order trans-
mission channels and inverters 17, 18, 19 and 20 are
provided for the second check word series, The outputs
- from the de-interleaver 16 and inverters 17 to 20 are fed
to a first decoder 21. At this decoder 21, syndromes S11,
N S12, S13 and slh are generated from a parity detection

30 matrix H and input 32 words VT as shown in Fig. 4, and

c1
the above-mentioned error correction is performed based
upon the syndromes. In Fig. 4, Ol is an element of GF(28),“
being a root of the primitive and irreducible polynomial

3+x2+1. From the decoder 21,

of degree m, F(x) = x8+xu+x
35 24 PCM data series and 4 check word series are derived.

At every word of the data series, a pointer (at least

1 bit) is added which shows whether or not there is an

error. The pointer bit or bits are transported in similar



The data series appearing at the output of the decoder 23 are fed to an
even and odd de-interleaver 24, in which the PCM data series consisting of
the even order 20-words and the PCM data series consisting of the odd order
words are re-arranged such that they arerpositioned at the alternatiyve
transm ssion channels and delay lines of 1 word del ay anmount that are
provided for the PCM data 25 series consisting of the odd order words. At
the-out put of Jpe,gveneapd Ad I6tdl Gid SRUAL Pdrad NenfBhLRLAIERES Whi ch
have t he arran tnent - and pre etern1ne er transm ssion channels entlrely
the sane as those fed tBhPheuFmEGtdﬂ*qrﬁ9¥#¢%rf€@mrﬁbelﬂg°eﬁe€d@ﬂ are
obtai ned. 30 df@ugh QOEeSQﬂW@théaé} 2B +vvh Y 'SEE+88 €b' EdhbellS tREOVI ded
at the next stage of the even and odd de-inter- |leaver 24 to carry out a
correction, foffexhppPE dfdal PAICFESsnREPREEIPEotRAaLERELEAVEE, Snhi ch

s not cobrectgdyhy bPeodeeredels tahaAnthdolid S &@&elhnﬁﬂﬂéﬁlauQﬂ% 13Res
In the error correcting decoder shown in Fig the error correction using ’

the first che®ktRotitfpront| dedpyameiady °%ﬂ%ﬁ?he2§Pro? 5Bor rect i#h usi ng

the second chesk YOI &se[ grbliaed baaﬂthe 1 to 27th transmissibrnare
respectively carri one ti | f the above, erro orrectiqQns are

ed out
respectively %%ﬁ??%g S out Nfip LB tPIE, fRAT: &R ﬁr%9e¥?6?r£8? V&Tt Pgiapdst ity
is increased amdafe&ebnaraebadb@mijﬂﬂuﬂﬁiéﬁnsyhdfamébesggboslggnG

d bed!®t he_d | | b
e B i S B8 Ao S i SR SRR

va¢+at|on|r1zm¢aynanbuaﬁ wvohrdis Vhamst leh abovin regal ab aaqu@heeab@wmbher
TSimilar to thﬁeé@fgﬂgd error correction is carried out based upon
) the syndromes., In the decoder 23, the pointer relating
5 to a word whose error is corrected is erased, but the
" pointer relating to a word whose error cannot be corrected
by the decoder 23 is not erased.
The data series appearing at the output of the
decoder 23 are fed to an even and odd de-interleaver 24,

in which the PCM data series consisting of the even order

% words and the PCM data series consisting of the odd order
words are re-arranged such that they are positioned at the
alternative transmission channels and delay lines of 1

"word :delay amount that are provided for the PCM data’
Nt 25 series consisting of the odd order words. At the output

of the even and odd de-interleaver 24, the PCM data
series which have the arrangement and pfedepermined order
transmission channels entirely the same as those fed to
the input of the error correcting encoder are obtained.
3y Though not shown in Fig. 3, a correcting circuit is
provided at the next stage of the even and odd de-inter-
leaver 24 to carry out a correction, for example, mean
value interpolation so that the error, which is not
corrected by the decoders 21 and 23 is made inconspicuous.
35 In the error correcting decoder shown in Fig. 3,
the error correction‘using the'first check words P

12°

P12n+1’ P12n+2 and P12n+3 and the error correction using

the second check wordS'Q12n, Q12n+1’ Q12n+2 and Q12n+3



10 check words Pi which are cal cul ated by using not only the PCM data but @
al so the first check words [err], also the first check words [err] nay be
codet ermi ned by the second check words [err]. This may be effected by

f eedi ng back the second check words to a{%i nput of the coder producing the
first check words. The error correction de described hereabdve may

correct, for exanple, up to two word errors w thout using the pointer

Sh@¥ﬁng the eéfQTrggﬁggkggel?ﬂgfg'tQﬁ§to&¥réﬁéi§iﬂé§pQE ﬂebgbBQ% error

€
cross-interleave, so that bo e randomerrors and burst errors can be
effectively coePEeetiionpupremesPectivalie sammbed oputonpeet dbpe émige,

words increasgse &Hfodee8erag tang0ldldiB DECOFBEs MEEreRTRLI aakCFewdien Only
1 word error is correctable, a 25 very sinpl'e construction of the decoder

i s enough. AcRBroTdi AgMpin Unserdctedear that error correcting decoders
havi ng re&pective correthi Bgeakimbiddiefedt aied Qri®ed0the0nERaY Af talkiialsy tO

hi gh error coyrecting,abilit r, e constructed. 30 The_ apparatus and
net hod as shoti %\ﬂéeg}ﬁ?gfﬁeé %é‘ligtﬁfé"f Yo SRS berAHdf i %‘a‘”ﬁﬁts@vé'f‘al way's
that may of f esuspessive ataanedggsbw) it is péssFhble tot bmppay ap words.
Q 12n), Q(lZn%(]). ﬁ‘g NE2 s SEL n+% Wi 'M@ft | S way as
parity words 13 %ﬁrg%ﬁa %glni' ;d%'oa\kg\?aédrl, t.e‘.?g%(é:gdg?ngoa\%%ul d still
receive the repoveveegedaparienpenseds RYTTEHT ¢ he baghat) ton¥Bp. spgond
corresponti ng.H@ERekords PhewHECRIRrPlcdl il Std@UbY 68EREVEAokh@niIRvert ed

arit
P\J/ y the PCM data but also the first check words Qi, also the

~ first check words Qi may be codetermined by the second

. check words Pi' This may be effected by feeding back

the second check words to an input of the coder producing
18 the first check words.

The error correction code described hereabove
may correct, for example, up to two word errors without
using the pointer showing the error position, and a burst
. error is dispersed by the cross-interleave, so that both

2 the random errors and burst errors can be effectively
corrected.
Furthermore, as the number of correctable error

.words increases, the .decoding algorithm becomes more
LJ- 2 complicated, When only 1 word error is correctable, a

very simple construction of the decoder is enough. Accor-

° dingly, it becomes clear that error correcting decoders
having respective correcting abilities from low error
b correcting ability to high error correcting ability or
20 may be constructed. '

The apparatus and method as shown and explained
herebefore may be modified in several ways that may offer
specific advantages:

a) In Fig. 1 the parity words Q(12a), Q(12n+1),
35' Q(12n+2), Q(12n+3) may be inyerted in the same way as
parity words P(12n) through P(12n+3); however, the
encoder 10 would still receive the non-inverted parity

words Q(12n) through Q(12n+3). In corresponding manner,



words QL2n 12(12D) ... through [err] These would be re-inverted again
befaore entering decoder (21). b) In Fig. 4 the second row may be
changed from[err] into [err] [err], 1). In Fig. 5, in corresponding
manner, t he second row may be changed 'frqréw([err]) into ([err]., 1).,
Furthernore in both Figs. 4, 5 the matriX in [err] may have front side and
back side reversed. In that way, the second through fourth rows would start
wi tb | ow po S O e d wit .0 Q S [err . The _
appar at us a\rll\ﬁ;hn%tieoédo#r%;y gﬁ\%ﬁgéggohgf‘ydb% et%see em‘%e h%%‘ﬁ%?%geil P?)I/'lgystem
The encodi ng w@m&yﬁg,ﬁg%. The dhtraughy Qe, st ;rg P fp auTheséi sc,
audi o tape, gj, e 14 Kes. Bl oL gk R %reforfecosm{ ig.%g Q%asw (Bn)4he
data may be transmitted via a commufii cati on channel,” or° broadcasted. At a
recei ving en®) the decoln§ige Hethedsseénshrawitnay he dpanaeddframd
possi bl e ®rrqrg 3# e cdtrect ed. o Bi naj Ry, hilgh-ifidel d &y3 byl 3®i cat i on, &nd
reproduction are effected. Figs.’6, 7 show'a block di agram of a"sécond
encoder and s¥cond! hecBRleFigr eBpedni goryespanding mange¥ | Brengecpetdueen
Fig. 1 and Fixhw Gndy oSe | enangeal eawar (30280 alPhow hasyr2speg®i veydgl ays
over two word inter- apls ageindicatead by tthe nuneral s "2". Furthernore,
the cyclic tridHshosftion & thescodi%g ch@nmely s FHFHHLTBATe AR PREN nput
Sir;de’ Ieacg timst.\/\ﬂf,ch_anﬂleéSmﬂtﬁikeﬁhré‘oﬂﬁedxaﬁﬂldl:\&geﬂ'?ﬁﬁt s\baée?a&t Back
channel s next. cycle is starte us_three cycl es. of. 8 chanpels_ are
_g)resent. At tshléieour’fep‘t'ﬁrss?%é?héf ?E?IGW(?Pfanr?z’les S c"y%ﬁ'%“g‘g gf’%ﬂt gld. Thus,
\/eur cycl es gfow® chawhd| staathwiath preseowers sstodd diddeemdceitbeurs
relative to kchyis 35 situated in the nmddl e between the two
groups of cogﬂ%gﬂgél%‘gﬁs.m% tﬁﬁié way the nunmber of crossings is dim-
ni shed: ele 34 now EefpRPBazaiusapnd @ediied giay  advantageously

be used in a high-fidelity system. The encoding is

15
executed first. The data may be stored on an audio disc,

audio tape, or the like. Alternatively, or in combination
therewith, the data may be transmitted via a communication
channel, or broadcasted. At a receiving end, the decoding

method and apparatus are operated, and possible'errors

2 are corrected. Finally, high;fidelity amplification and
reproduction are effected.
Figs. 6, 7 show a block diagram of a second
™ encoder and second decoder, respectivei&. The main
. 25 difference between Fig. 1 and Fig. 6 lies in interleaver

30, which now has respective delays over two word inter-
vals as indicated by the numerals "2", Furthermore, the
cyclic transposition of the coding channels is different.
At the input side, each time two channels are rearranged.
30 together, while after 8 channels a next cycle is started.
Thus three cycles of 8 channels are present. At the output
side, after 6 channels a new cycle is started. Thus,
four cycles of 6 channels each are pfesent. A second
difference occurs relative to encoder 32, which is
35 Situated in the middle between the two groups of code
éhannels. In this way the number of crossings is dimi-
nished: element 34 now éomprises delay elements only.

For example D = 6 word intervals. Delay element 38 has



For exanple D = 6 word intervals. Delay elenment 38 has 20

1 delay introduced in the - odd channels as in contradistinc- tionto Fig. 1.
Finally, all check words are inverted. Fig.” 7 again follows directly from
the arrangement of Fig. 6. 5 Figs. 8, 9 show a block diagramo
a third encoder and third decoder, respeéfively. Fig. 8 is idehtical to
Fig. 6, except for the interleaver 40. Here, the first six channels are
del ayed by two word intervals, and also the third group of six channels is
delayed by twdedawd infiraduged imetheheddcobrngedifamselin aantradietined in
interleaver 4Q;Jairdas{@s €1, tREnd L1 8PSPRTH BB Rl Wt LUHNLLGINEES 1S
different. At the input side, each tinme two channels are rearranged

t oget her, whi Fé&-hd RBaITEVTIEL €S oftFest iyt Eqogy tde AfrAansRthet

channel s. Thugifgyo &ycl es of twel ve channels are present. At the out put
side, aftegy four channeII,siaS neyw cycle is s%)_aLrt d.d.Thus, Si cy‘%c}_lres of four
channel s are present. Agal% the'afr 1%6‘én§n 8f id‘.agfaf"blq ovid Jflé%tly from
t he arrangeneemncofdez and. t12lrdi gecodér, 1tespeowtdviellook Riigagr&mesf a fourth
encoder and fquy : , spect | Q. 15S o | i 8,
except for thgl#e%{%é%%glg%é leég I—gf e%xghétcgagngii%hal?llr#&qg@aér‘g%i&s 'ri%%f%bl
over three grdiyes Tifplat ook chatrehel srof depeyeidr Sy gvuprerd intexredrdyed

25 in the int gL, 4he Tﬂ?if&'?%ﬁ@hﬁ oF 8% B IY AU LFOIPFiésenrp del ay

el ement owgr one word interval. codi ng channels of the third group

conprise a delt#p #MFfeinrRrEY2tho TP doFhesr ¢aldnachaameth@hemobl the

_‘tbgnnels delayed in interleaver 40. Furthermore, the transposition
~ of the coding channels is different. At the input side,
* each time two channels are rearranged together, while the
5 next cycle is only started after twelve coding channels.
Thus two cycles of twelve channels are present. )

At the output side, after four channels a new
cy_cle is started. Thus, six cycles of four channels are
present. Again the arrangement of Fig. 9 follows directly

20 from the arrangement of Fig. 8.

Figs, 10, 11 show a block diagram of a fourth
encoder and fourth decoder, respectively. Fig. 10 is
identical to Fig. 8, except for the interleaver 42..Here,
the ‘coding channels are distributed over three grbups. '

~ The coding channels of the first group are not delayed

25
in the interleaver 42. The channels of the second group

L]

comprise a delay element over one word interval. The

coding channels of the third group comprise a delay element

over two word intervals. No rearrangement of the channels
20 is executed. Again the érrangement of Fig. 11 follows

directly from the arrangement of Fig. 10.

In this way changing between Figs. 7, 9, 11 or

6, 8, 10 requires only the modification of a part of the

arrangement. In this respec?, Figs. 6/7'show an arrange-
2% ment that is mot spitable for use with two audio channels
(stereophonic use), Figs. 8/9 show an arrangement that
is most suitable for use with three audio channels and

Figs. 10/11 show an arrangement that is most suitable



i s executed. Again the arrangenent of Fig. 11 folioms directly fromthe @E)
6

arrangenent of Fig. 10. In-this way changi ng between Figs. 7,-9, 11 or 6,
8, 10 requires only the nodification of a part of the arrangenent. In this
respect, Figs. 6/7 show an arrange- 35 nent that is nost suitable for use
with two audi o channel s (stereophonic ué%b, Figs. 8/ 9 show an arrangenent
that is nost suitable for use with three audi o channels and Figs. 10/11
show an arraqgenent that is nbst suitable 21 . 1 for
use with fourfeRidree chihRef SUFqaRd S IFANekE) a8 dBaRROBE Ct HEEd - c dkes,
‘the interpol adaem 6f theseocased ,autieo it S1lHEL vk eaf Corrasbvatrdido
signals offers %n adyantgge u? rene%¥. ) %9 15.20 25 30,35 CLAIMS: 1

A data procesdihy° net A ogﬁ WEPRY THE S MY 3587 P R ePEfREa 2Fat a
stream by recelvamtagachst remedys data word 5 of. a data word series on
each of asfirst plurality of parallel channels arranged in a first
predeterm ned arrangenent; b) applying one word on each of said first
plurality of paralilel channels to a first error correcting coder to
generate on the

10

A —_—
15
20
\'-.r
25
30
35



basis of a first generator matrix a first check V\bm-yi ng @

mutual ly different deliay tinme values to the words af Mnfi rst check word

series and.-the words of said data word series, aft Mﬂﬂm sai d
first error correcting coder, to convert22themto a ned

arrangenent; d) applying one word on each of said first plurality "of
channels 15 o 28.said first check word series in said second
priedet ermi ned arrangenent to a second error correcting coder to generate a
second check wprd sewi éstaoprodessins imetindd aosmpoehdg generator matri x; e)
applying each tinme one gata word on each of a plurality of 20 out put
channel s equal the, sEEPY %5 r st plurality and respective words of the first
.check word ser.ags rendivting seiazadstteenkbyeedeisdhg esachntimesea®adeplwdral ity of
out put ciannel g¢ f )y 0085E4N n i @n_of. each of.ihe first d second
check word serlﬁes ofawg @Eeci&\%g?g@é.?é%ggeﬁ g&ﬁ??ﬁgufé’r’r%ﬁﬁ aﬁﬁ}fﬁqy 25 ,
det ection mat r Fhanmelnerraiangec igas Firpt predeprobeesh@resnaspent recti ng coders
each word is fgymegdpofidg bhd SoddbrlesiE ol WD £SEJ BBuda1t FP G PaddirgncOder
conpl etes an eryor orrect?ble bl ock to a fotal .of n words, wherein n [err]
30 35 23 [ ef P48t &r FiTsERTFOT \BRTECFIRE FOLF 4O $RPCTAFE OF R i sfi es
F(x) = O when B4sd)s bt aufitse genewoei mdterinnd firstichevic wool ysrries] of degree
mover aul | el dofFph1yine mruafifiteerdt GAlyBihd Vafddl T lene BSHA Besal
said first check word series and the words of said data word
\vj.\-/ . series, after application to said first error correcting coder,
to convert ~hem to a second predetermined arrangement;

i d) applying one word on each of said first plurality of channels
15 and said first check word series in said second predetermined
arrangement to a second error correcting coder to generate a
second check word series on the basis of a second generator
matrix;
e) applying each time one data word on each of a plurality of
20 output channels equal to said first plurality and respective words
of the first check word series and the second
check word series om a second plurality of output channels;
f) wherein the generation of each of the first and second check
_ - word series of k check words is based on the fblloﬁing parity '
N 25 detection matrix H wherein in said first and second error
correcting coders each word is formed of m bits and a check word
* ' series formed in an encoder completes an error correctable block

to a total of n words, whereinn ™1,

30

35



word series is inverted before being applied to the outﬁdf~gﬁaﬁﬁET§7‘37‘

A nethod as clainmed in-Clairm1l, wherein., after appli cail

sai d' second error .correcting. coder but before being 20 ,l!ﬁﬂwlﬁﬁlﬁﬂm
out put channel-s, said first check word 2 ries is inverted. cd4. [ "y

as claimed in Caiml, wherein in step ? a first group of the words
said data word series have delay times in a first set of delay time\
saing first check viord seriks have 35 del ay times in a secdnd set of
ti me val ues, andjaifurther, roup qiamords,.equald-n nunber tao said f
group of the wor (% _of saiﬂ‘data worg series hav°éZQeI_ ti r’r‘ﬁsZ inath
of delay tine va d&s,_eachfhenber<& sai "t hi r dxsef ﬁgvingqanlarger

time value tigaa pach nmenber of said second set, each nenber. of said

set 30 having all:arger delay time:value than each nmenber of said fi
set. 5. 5 A nmelhod in daim1, wherein data in the data streamis

T of

to

he
t ho

of
val ues,
del ay
irst
ird set
del ay
second
rst
f or med

¢

d

into a sequence ¢f kotld and, @vréh2 sagpk
into two pai g oKodd order words and the even sanples being distrib
into two pairs of -even order words _and 35 after reception but before
application thergdf to saill first 24 error correcting coder a rel
del ay of one wordliinterval,js inposed betyween regpecti ve everiorder
of said data worg series é’%(_jnodd 8tder words of** igfata %%r(d eri g
A method Bs claifdd in Aeifn1, weefein atel atinfe™dd ay 5422 Tht d
Interval is Hnpos$ed between the words on respectd ve even channels th
. and/respective odd channels thereof before being applied to the firs
~Second pluraliti¢s of output channels. 7. A nmethod as claimed in (

d93 the odg, &kakplred) bgl(hglhi sty

i but ed
ut ed

ative
wor ds
s, 6.
ne word
er eof
t and
l ai m 4

wherein after reddption hytkBef or e SRcati on tff&ridfn-2d gdikalin-4p

correcting coféfe a<1fk a rodckBlén @atlpd B)¥s Of (LJUE URkh¥n @Rl is/@hue o
| east one word interval is inposed to the words fornlqgegart of .sa

. d
group wi t'h r éSPRAUCIPLE Saf PTHEF EHE PRPBIgRIal of degree m a field GF(2

2. - A method as claimed in Claim 1, wherein said second check
word series is inverted before being applied to the output channel
3. A method as claimed in Claim 1, wherein, after application

thereof to said second error correcting coder but before being
20 applied to the output channels, said first check word series is
inverted. -
4,

group of the words of said data word series have delay times in a

A method as claimed in Claim 1, wherein in step c) a first

first set of delay time values, said first check word series have
25

of words, equal in number to said first group of the words of said

L]

error
at

first
)

delay times in a second set of delay time values, and a further group

data word series have delay times in a third set of delay time values,

each member of said second set, each member of said second set
30 having a larger delay time value than each member of said first se
5.

formed into a sequence of odd and even samples, the odd samples

A method in Claim 1, wherein data in the data stream is

being distributed into two pdirs of odd order words and the even
samples being distributed into two pairs of even order words and

35 after reception but before application thereof to said first

each member of said third set having a larger delay time value than

t.



8. A device for carrying out the data processing nethod as clai ned in@
any-one of Cains 1 to 6, conprising:. 15 ~first iving an
[ [ and generating therefroma sequence of mﬂmm rm&mﬂl gitized

audi o si gnal

sanpl es;

order words,

second neans for distributing egch even digitized sample into two
even order words and distributing each odd digitized sanple into two odd

and 20 third means for presenting said odd and even order

wWokds to sai d ferrgt quirgectingycaferparceileeivecHalvebs. or@ word iAtemuailcis as
claimed in C ai geﬁgsem'awaea §@gpqct;wéteva§%@ae+ Seo288R deega{qorda PP&IkI g on

the left and ri

nono- aur al lgnals of a stereo audi o s to generate

the sequence ofs<5deF 4Rd %‘Veﬁr‘?} wordgjpg %ﬁlfeéla%‘ai‘fﬁ’r"b§er%spect i vely. 10.
A data carrier 6produ@edeh;bdca£ reliabfedih ¢lEnNEf RAdréin &l Ad1ARdvd Redly one of

SLZLgﬁCé 2? 7 %Rdong%? Qgrﬁﬂ§?9uﬁﬂggo hg?y&%k%ae%&ndglgfgego r|S|ng a

words 30

athrr firs ura Y, € of
d@VﬁVe@ahn@h ébmqﬁomﬂ; refperdiide duiidachvomdls ethieeaof defarr t h

plurality of wyedge %5'15.’@ t)r&m %ﬂg: fah&? cSH@SJingf;g g?cﬁ§§u%fﬁgﬂ%&s

third pI urallty of ~wor ds derlve from od

and 35

word seri es.

S d seri es,

a further f&uPethodl 8% Slatgedoin fhada 4aherein AEtan sareptiendmt check

befdre app1Aada&:a thaféd o aial aimdehrbrcl:@ﬁacwu whegéLih each

bl ock funghermor nprl oni z der A decoder for
use with % dat zfeg?'f)’ﬁ'gs%? ?rgt'tﬁ% Qtycﬁ?‘ alné'a oz 3%y“0fleff%u°ﬁﬁ "f°‘tdo 7, said 5
decoder conpri Snherwl anomme ther weadsh formimgr poei vE ngpidnfix sl gfcﬂ.ipi ty of
‘tecei ving chan h? reegpglh ttP Saigd el %tr g{-wpal Ity of output channels a data

“~word series an I n pafa

<

20

25

30

-35

erew t on.
A device for carrying out the data processing

method as cla;med in any-one of Claims 1 to 6, comprising:-

first means for receiving an audio signal and generating therefrom
a sequence of odd and even digitized samples;

second means for distributing each even digitized sample into two
even order words and distributing each odd digitized sample into
tw& odd order words, and _

third means for presenting said odd and even order words to said
first plurality of parallel channels.

9. A device as claimed in Claim 8, wherein said first means is
adapted for operating on the left and right mono-aural signals of
a stered audio signal to generate the sequence of odd and even
digitized samples respectively. .

10. A data carrier produced by carrying out the method as
claimed in any one of Claims 1 to 7 and containing a sequence of
blocks each block comprising a sequehce of:

a third plurality, équal to half said first plurality, of words
derived from even words of said data word series;

a fourth plurality of words derived from said first check word
series;

a further third plurality of words derived from odd words of
said data word series, and |

a further fourth plurality of words derive§ from said second check

word series.



e e —— T T P |
plurality of receiving channels equal -to said second plurali ty 10 ow

out put channels a first check word series and a second che rd series;

b) a first decoder neans for. under control of sald ﬁ word series
reproducing each tinme a first pluralitgsof data mo t check
word series by neans of a first syndrone 15 generated thereln

del ayi ng neans for realigning said data words and first check mord serles
by_put ual I'y di }¥er entA daFaiycarres as heladmedrig; Cliimal@eobexkideeadeblomans for

under contiol alrengiabrli Eoiprebesls Wpidhesidatso HARAMICI Ng each tire a first
plurality of d ans of ,a second s rone gener ated

a word nd
t herei-n; and efé ‘out puft ﬁ%%ﬁfé' o “éSc‘ﬁtf‘lﬁeaﬁ?oVﬁ%Fﬁ%"és an out put on each
of a pl urali t ymethodhavwoelingeGuadnyi nf (Mlabes it coshi daid rst plurality of
out put ghannel t f a series of data words; a sequence of the
data words rep?e?g%€|%8$g{s§ a stream 25 13. A decoder as cl ai ned
in Claimi12, for #seutymesns faptddct timeorefieiying o@l aipterlisy & wherein said

i nput Means cosgeii 6 ehmrlslmaweawsfﬂegeIp\iarmtbny@%eﬂ;@heck wor ds
recei ved. 14. der as_.claijned in Caim . for use wth a nethod

according to Cﬁhéﬂ’ﬁéff ﬂ’%a’?ﬂ‘?*‘nﬁm‘ ’r?eaﬁ'éaléS?'rp'r”ie%"’st@c%cF 30
del ayi ng rreansPIfwalmyrrpérmtamgng Ohiarink®s regual i toe said a)!cdrm:yluiﬂhbﬁt ween

even dajga ChaWk§5\?ﬁthMeQﬁtf fﬁpgpggl ngw!sgd der:.es gnﬁCOd[egrgo sg %a]k | med in

Claim 12, for use od acco out put
means conpri s&’rRi $eriget ayi ng means for conpensating the relative del ay

&Qaurfed bet wagn 35first CURBAEF ARENNHodSuriRe QsHEreT ¥ sIMY UScond REeil 6.
evi ce including a.decoder as clained,in aims 12 to 15,
d

a
“ear d devi co_f HFACISTIPS SORBFTarR R Robith ankirte Tiet Lore| Shy S o)
tat a stream arnchdf arfigenestetk ngprithesmifes o pamd lo€l a2 Edirat fsyhdtdue r especti ve

15 generated therein; _
¢) delaying means for realigning said data wor&s and first check
word series by mutually different delay times thereamong;
d) a second decoder means for under control of said first check
word series reproducing each time a first plurality of data words

20 by means of a second syndrome generated therein; and
e) output means for each time providing as an output on each of a
plurality of channels equal in number to said first plurality'of-
output channels a data word of a series of data words; a sequence
of the data words representfng.a data ‘stream.

< 25 13. A decoder as claimed in Claim 12, for use with a method’

according to Claims 2 or 3, wherein said input means comprise

reinverting means responsive to inverted check words received.

1

14, A decoder as claimed in Claim 12, for use with a method
according to Claim 6, wherein said input means comprise second

30 . delaying means for compensating for the relative delay incurred
between even data channels and odd data channels.
15. A decoder as claimed in Claim 12, for use with a method
according to Claim 5, wherein said output means comprise third
delaying means for compensating the relative delay incurred between

35 ' even order wprds and odd order words.



5 channel s of said input neans; parallel to serial I‘e'CO'I‘iVET'["'F'n'g"ﬂ‘Ba‘I‘rSW
for serializing the data words provided on said output channels, and

dirgital to anal og converting nmeans for therefrom generam i us
audi o signal .. 17. A data encodi ng/ deggdi ng nmet hod corn# ﬂlcmll m'“m”)
foll.owi ng 10 met hod steps: a) receiving a data stream by recelvi®hg each

time one data word of a data word series on each of a first plurality of
pafal l el 15 1lé6.channeldeviocdndiuddng a detodest apraldenst ihnay ane arfgenent, b)

appl yi ng one rd . ea f,gal d.fi . plarall of parallel channels to a
first error C\S?hreeg ?H‘g“ ggd%r -1§b sgé‘ri\eér%éggoﬁ“?hg%ﬁgi%J?"gfl%\mlgi'rst generator
matri x a firstfoirshkmesnsdforereesiviod apgpridindavaitsgaedny agd ffogr ent del ay tinme

val ues to the yofdsrfs eRerefrom FaaiidiStafI@ek ther fesiRet e and the words of -
said data word series, after application tg said first error coyrecting

coder to convefhanpRbincfosaids AR mpinsde PATHHIAL £ PR e REFATVERS1%8p I yi ng
one word on eafdunef faRisdridliging |ttt addthywaddsChpsuidks cmndaihiodtuty st check
word series in_said second J..pr.géjlettergn' ed 25 .@[fangenent taq,a second error
correcting coddF Peledny A8 5% &2 R STV R T T8 BF1™s Ih PRECHSS s of a
second gener at gamematingxa edntdouqust audig edgrelti me one data word on each of a

plurality of opf put &m@geérﬁosﬂ'lﬂhe&&i%?!rELtfnio&S&omEE-LUi@:gi the 30didiag
eespectiye 30 gheck words of. said first chéck word series and said

second check WBF°8ei%®8  each on one of a second plurality of output
channel s, wherein the generation of each of the first and second check word
segrjes of k check words is based on the follow ng parity check matrix H and
\4inthe first and the second error correcting coders each word consists of m
bits and the s®ri escafvisherdatwrstsegmeiber eecedving @ack riedernecdapd aved an

error correctafy § BlACKotP s@ridd 3h Qcn oY F5radBehdILed of Pakl11ANd 27
15 channels according to a first predetermined arrangement,
b) applying one word on each of said first plurality of parallel
channels to a first error correcting coder to generate on the
basis of a first generator matrix a first check word series,
¢) applying mutually different delay time values to the words of
20 said first check word series and the words of said data word series,
after application to said first error correcting coder to convert
them to a second predetermined arrangement,
d) applying one word on each of said first plurality of channels
and said first check word series in said second predetermined
N % . arrangement to a second error correcting coder to genmerate a
second check word series on the basis of a second generator
matrix, _
e) outputting each time one data word‘on each of a plurality of
output channels equal to said first plurality and the respective
30 check words of. said first check ﬁord series and said second check word
series each on one of a second plurality of output chaﬁnels, wherein
the generation of each of the first and second check word series of k
check words is based on the following parity check matrix H and in
. the first and the second error correcting coders each word consists of
35 m bits and the series of check words generated in an encoder completes
an error correctable block to a total of.n ﬁords, ﬁherein

n £ Zm-l, and



[err] 5 or 10 [err] wherein [err] is a root of F(x) - 0, F(x) being an
I rreduci ble and 15 pri-mtive polynom al of degree m.o Galois Field
G-(2), f) effecting a wordw se parallel to serial co w!ﬁ " he
onward transm ssion or storage of the daim words and c

receiving or reproducing the data words and check words, effectlng a
wordwi se serial te, parallel conversjon to a number 20 of par al l el ghannels
equad” to the sumjot said fitrst and Second- *pl ur al ?‘tles for teconstrugtion
of the said secord, predeterpi ned ar Lrsangenent , |) n-1effect| Ngha firstjerror

detecting decodi g rocess"‘ao t he tsﬂgcond predet g;{ﬁngg arra‘ngerrent

according to a filest paritet 25 .debectior fratri ned byla
nunber of datl'hﬁ/vcrds equal to said first plurality and a nunber of check
words equal to tHe: nunber of said first series, 1) del ayi hg the

reproduced data Words and check words by nut uaIIy different delay tifes to
reconstruct the dai!dlfir st ddét eryfknbt 30 ar rafgdatenl) k)(k-Lemf ecd i ng a
second error gtetecting decoding process to the first predetermn ned
ar r angenent accor(df' ng to a,second parity detection matrix, which is<gdefi ned
by a nunber of.dgta words ?equal to"said frrst plurality, antl 35 1)
outputting of thg ¥eproducggd data yards. ... 28 1f-2A nmethodnag clainmpd in
A aim 17, wherein {n step-j% a firsy group of t (f'Eft pl &Y I|¥ of | dat a
words is given del'ays in aTfirst sat of delay ti«® val ues, ANE 1 rst|check
V\D\;g seri es ik=gilven delays in a second set of delay time values, anfl a
seednd : S : : :

g ('k-l) L2 (k-1)(n-2) k=1 (am1)

wherein << is a root of F(x) = 0, F(x) being an lrreduclbLe and

15 primitive polynomial of degree m over a Galois Field GF(2),
£) effecting a wordwise parallel to serial conversion for the
onward transmission or storage of the data words and check words,
g). receiving or reproducing the data words and check words,
h) effecting a wordwise serial to parallel conversion tb a number
20 of parallel channels equal to the sum of said first and second
_ pluralities, for reconstruction of the said second predeﬁermined
arrangement,
i) effectlng a first error detecting decoding process to the
second predetermined arrangement according to a first parity
detection matrix which is defined by a number of data words eqﬁal to
said first plurality and a number of check words equal to the number
of said first series,
j)  delaying the reproduced data words and check words by mutually
different delay times to recomstruct the said first predeterminéd
30 arrangement, |
k) effecting a second error detecting decoding process to the first
predetermined arrangement according to a second parity detection
matrix, which is defined by a number of data words equal to said
first ﬁlurality, and
38 1) outputting of the reproduced data words.



5 group of data words equal in nunber to the first group is given del ays
in a third set of delay tine values, and wherein each e M‘E third
set has a delay time value that is larger than the del a“i““rrmllmlu,l f each
el enent of the-second set and each el enep8 of the second*set has " del ay

time value that is 10 | arger than the delay tinme value of each el enent of

the first set. 19. A nethod as clained in Claim17 or 18, wherein in the
first” predeter m' ndé. ark antjerens chaiwed lip €lpial 17 clwhetreim ﬂelﬁys'p)\/@r farst

predet er m ned pupbee gf ‘é@iaﬂ: ggﬁdﬁ g%ereg%;a%{-&’é“ige&v]eﬁ

even- nunber ed data wor ta wor
after the repfbtfcepbrribgelayaninevalers st fdrparchegk cezdkeardes iH6 nut ually

equal , rel atl\gevéiﬁhayﬁysomra BePodSL £1J¥ BEThyUIRE vaDies)OhSk Iant&s06al S are
|ntroduced bet ween % odd- nunber ed, dat a, wor ds an%bt he even .nunper ed data

words to 20 SFRPAPF FRERNECTHS: B4Ry 4R DuBBeT R HRS FATSLETRYRie8 ¥R O aim
17, wherein ateldys Lecephiohset dﬁepewuctme)lv-ad)ﬁes hendlahareior dactand check

words mut ual | g, gl of hatinteadel kS, O8EL R REGISLELIAGY WTREL 0! vord
SRR NP KE BBk, UGSy o't LHfks

intervals are i n roduc € words ‘en |nto even
channel s and Fhm@hﬁrﬂerleﬂu@@s V#ﬂt“& eficcagh e lemanh @fsthe secand spendr for use

i n encodi ng dghén \W@Eskht Bt %Q%&L%‘ilﬁesélﬂ hBs & BEPQP%&&@QIJ@& hadeass cl ai med in
Claim 17, the_encoder conpri sing: i_nput _nmeans for receiving a serial

data stre¥m ah#Faesy thep the dela }‘e"r?‘E"F*y"‘i*?'ull‘Ft‘i”epl‘*éiiﬁl rfd-ei“ﬁ‘é‘ Wor the SErki d data

stream over sakel first plurali ty of par aI | el channel s: b) a first encoder
emte [0, rechr el Y SRREIal L0 LA S SRR R R o
of inplenenti Airstapdedetermined arrangement mutually equal relative delays
over a predetermined number of word intervals are introduced
15 between even-numbered data words and odd-numbered data words
in the data stream and after the reproduction by means of the
second parity check matrix mutually equal, relative delays over
a predetermined number of word intervals are introduced between
the odd-numbered data words and the even numbered data words to
20 e-alxgn the data words.
20. A method as claimed in Claim 17, wherein at the
reception or reproduction of the data words and check words
mutually equal re%ative delays over a predetermined number of

word intervals are introduced between the words entered into

~ 25 the even channels and those introduced into the odd channels.

o 21. An encoder'for use in encoding data words in accordance
with a proceésing method as claimed in Claim 17, the encoder

. comprising:

a) input means for receiving a serial data stream and for
30 recurrently multiplexing the words of said data stream over

said first plurality of parallel channels,

b) a first encoder means for recurrently generating a first

check word series associated with a plurality of data words;

35

(¢

s 1n t%elggata stream and



first generator matrix; c) delay nmeans fed by sai d fiLcoder means for @

produci ng sai d second predeterm ned arrangenent; a second encoder
means for recurrently generating a second check Word OCI ated with
a plurality of -data words equal to said #9rst pIuraI| , I|ty of
check words equal to the nunber in said first check wo rreans of

i nplementing said second generator natrix; and 10 e) output neans for
outigut ti ng i nepadRlcbedaia shsRNplyHaliey Ib'gr)/méﬁnsdaf 3 mpDénibat gl sabeck wor ds.
22. An appar atus_ conprising an encoder as clainmed in Caim?21, further
conprising a parHi B& e’i‘&°§3‘}‘| %1%} econverting means fed by said output
nmeans. 15 c) d&lay m&adecfmlebyfscau.du&e'swQrtcodedateanprﬁocemdnglmt hod as
claimed in d g ]slco‘y@%g&&etrgﬁ} Qeg%%r r| ses: a) input nmeans for
recurrently recelrving a series s’in a nunber of input channels
equal to Bai ddPi rasseprnd aF‘FQdffa'FFtFnlsnfﬁfalra?‘!rélenﬂyelgé%lt%l?& & sAEAffer of

i nput channel %h@au%r& Qeiﬁésﬁ aZrola%@Qﬁd.hpé l#l&ﬂtﬂty & fdtaestwoeheck wor d
series and a secaond i rst, ewgrcgr for

reproduction GR%¥aER ﬁ"r‘?ef‘a“ftl P "traﬂji"fﬁ sz‘f’t? p&f‘r%l]é‘ttH gk NaTee f| rst check
word series b;qﬂaama tHe auqﬂierraﬂnaaydohrfstrateckymhﬂomegebnemhw dgafher ei n by

a parity 25 1?‘? ‘"?“’E%CEQ{M%“Q %)é PR fO0Lheal i gning the data

wor ds and the Serf freans ot mut ual | y different del ay
ti mes, d)ia seorretoetgens fior @muF‘émﬁodmcaarehleif acgraend| Mwral iy st

pl ural ity of datgeryossisasbyndegesk @bré&s plurality of second syndrones 30

gewerated therein by a parity detection matrix, out ns f.or
\‘dut putting each tidfe d3PRARASPY SRPEL 8 2 WSPEC rF%s"llahmg‘Pr’rﬂg%eﬁ* %

| Qut put channeltar@iatodprrisiig] af paral1pl woabetinl rdreneertingdaiaaswbrdlbgeri es
represents a dg%a\ sii:ream 24 A decoder as clained in Caim23, wherein

said input 35 APt 'se second del ayi ng neans for conpensating
rel ative 15 23. A decoder for use with a data processing method as claimed

in Claim 17, wherein the decoder comprises:

a) input means for recurrently receiving a series of data words

in a number of input channels equal to said_first plurality and

in parallel therewith in a number of input channels equal to said
20 second plurality, a first check word series and a second check

word series, '

b) a first decoder for the reproductxon of each time a first

p1ural1ty of data words and a first check word series by means of

a plurallty of first syndromes generated therein by a parlty

25 detection matrix,
- ¢) delay means for realigning the data words and the first check
) word series by means of mutually different delay times,
. d) a second decoder for the reproduction of each time a first

- plurality of data words by means of a plurality of second syndromes
30 generated therein by a parity detectiom matrix, and ,
e) output means for outputting each time a data word of a data
word series in a number of output channels equal to said first
plurality, wherein a data word series represents a data stream.
24. A decoder as claimed in Claim 23, wherein said input

35 means comprise second delaying means for compensating relative



30 del ays incurred between even data channel s and odd data channel s.. 25. A@
decoder as clained in G aim23, wherein the output nea ) ird

del ayi ng neans for.conpensating the rel atjve delays i nmllmm“[)mm even

and odd data words of the data word seriés. 26. An apparatbts '‘cofprissing a

decoder as clainmed in Caim23, wherein the apparatus further conprises

means for accQEipdatihBgrRd08dNRRA GvRHU A a0l Bime Pt SaUPad REPS hQfnels.:
i nt-efrogating said audio disc, serial to parallel -converting nmeans having

an i nput- connect e310 4 decpderypg ¢liadredFonklaia 23r vheradny Fhg) ouRRttef rom a
serial data rslhéeﬁélllca?ﬂrﬁepl:wﬂj dédayQhg Qt\étaﬁbltﬁ:reé\&ﬁl lbelﬁgﬂﬁ'ﬁ@tﬁ@ }r@laﬁ:ive
respective channel of said jnput neans, and. parallel to serial reconverting
neans havi ng Z‘eg?yusr arf Vegfb %Fﬁ?leé'leniﬂﬁuf’gd SRER SR T EBe (9558 respecti ve
data wor@ chamned sefrigsi d out put nmeans, and furthernore digital to analog
conversion means Ay CANYEHLidids ol flng U2 dc506LA Lfkided A LIUALT, AUCI O
signal. 27. An_ apparatus conprising a deCoder as clai med 1 n O ai m 23,

wherei n sai d ¥PpERiat tRe AEPRFALS CEHRIPRS COMRELEPS PRANSAEQD RAPUBORARLTE dri vabl e
storage disc, dpiedblépaudiansidcqr pidk-ap rmagaki fig SatdtrdfatingSidlaageaidi sc,

ial t L el ti h i nput . ted to said, .
pi ck-up means FOT" FREVEY FORTELLTY FADYSF 40F DEEnHREYILE BatRBIAFBEE S i 1y

of outputig eath saidnpitiedptweaasrbspeetdiving (thenefroaf a sairdal fane neans, and
parallel to sgiidln LR§ U BeLid198y TRBS MAY! LlbndcBlddcbd kY ereggz;.@éik,@' I nputs

ach 25 connected to a respective data word channel of said output
daris. 28. A @hfanedarf isgddrigpulisieanss and peaddel tesseriglnejronNexyiaem 24, or

i th an appar gk biss aivﬁ#g’:liglf’f?ﬂfiamig aEnﬁ'&&lEa 4hput@hél Rohhétdat & ca?r ri eL d
gonpri ses a sequence o ocks, .eac ck, conprising a sequence of a thir
Blurality, equarPLGrEnEaha TR Erel §F 3614 CURPLR BFFRS), o8] NBFRRFUHET | ved
from evens dat digiralstofanghogl cdatversion tnezes | £, canvertidgh apserrialli ty of words
derived from gaid flLst tS@QSn‘é‘P:[nQuﬁ%Jﬁ@s?é&Qﬁ‘ further third plurality of

wor ds derived ] :
27. An apparatus comprising a decoder as claimed in Claim 23,

wherein said apparatus further comprises means for accommodating
a drivable.storage-disc, p;ck-up means for interrogating said
20 'storage disc, serial to parallel converting means having an

input connected to said pick-up means for therefrom receiving

a serial data stream and a plurality of outputs each connected to

a respective channel of said input means, and parallel to serial

reconverting means having a plurality of parallel-inputs each
L_j 25 connected to a respective data word channel of said output means.

28. A data carrier for use with a decoder as claimed in Claim 24,

o ' or with an apparatus as claimed in Claim 26 or 27, wherein the

data carrier comprises a sequence of blocks, each block comprising

™ e

a sequence of a third plurality, equal to one half said first

30 plurality, of words derived from even data words of said data word
series, a fourth plurality of words derived from said first check
word series, and a further third plurality of words derived
from od& data words of said data word séries and a further
fourth plurality of words derived from said second check word

35 series.



3

fromodd data words of said data word series and a further fourth pI urallty

of words derived fromsaid second check word 35 series ta
carrier as clainmed.in Caim 28, wherein eédch said bl ock ftlmuﬂmlﬁmlmlﬁi
conprises a synchroni zation header. 30. A data processing rfet hod* "™
substantially as herei nbefore described with reference to Fi gures 1 to 5 of
t he “acconpanyi ng 529. Addatwi pegrieglas Alpimedoin £daim ZépptherAitiedrin sadd
modiFi ed SUbStﬂ%tcka%Jrﬁh@ﬁuJ}@r&Hﬁbggéy% sasarbbiod e véd laeadﬁ‘:erence to Figures
6 and 7, Figures .

ures 10 and 11 of ¢
drawi ngs. 10 30. 38 d%"dé&?‘?‘-‘@és’a‘bg oethategulstaefia gg%‘t’éﬁ?‘?‘ﬁ ly as
her ei nbef or e deserither witd reEeficenne Figudeisguries51of Ghe &c&bmﬁa@lmﬁgt he
acconpanyi ng d%ravvl ng . 33. A decoder as clainmed in Claiim 12, substantially
as “her ei nbef or &%&88% bed with reference to Figure 3, 7, 9 or 11 15 of
the acconpanying dBhwi AgsethBheas eksimsll ith&lapreciOf nedifieh svhstagdally

reproduced by Qﬂ%&?&%}ék@%ﬂh@&ﬁﬂ@hlmntxsesa&a&aﬁ% ﬁﬂgﬂﬁ&prsl B&a’7,It may
contain a few amendnents are fficult_ to read. eorlglnal

typescript cortguiehd eRése aREiteHEM 40ntR BL ‘?fn§b%cat°§8mm t™e prenises of
the Patent OFf i¥dyings.

32. A device as claimed in Claim 8, substantially as

e

10
hereinbefore described with reference to Figures 1, 6, 8 or 10

of the accompanying drawings.

33. A decoder as claimed in Claim 12, substantially as

- l.('_,".-('(._

hereinbefore described with reference to Figure 3, 7, 9 or 1l

15~ of the accompanying drawings.

The text of the specification has been reproduced by mtoeowj.ng the applicants original
typescxipt. It may contain a few anendments which are diffiocult %o vesd. . The original
typescript containing theee amendaents may be inspected on the premises of the Patent Office
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