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outset DO, D1, D2 ... data.s input in parallel to the even nurrber synbol

fWaymr%M®&/*%Wt@$¢§@Em[gwt@ﬁwﬁ”ﬁﬁ%%hﬁﬁﬁﬁwz

even- nunber ed synbols such as D1 are del by one frane, at

the entraocsf ok B ¥ fofies deendh gk poBt G 533( AY H‘K%‘iﬁwwﬂ’otw@c o
frame portion of synbols in the Cl code serles shown |n e

: BxH. C 24’-’?%3&5']\ &U%%t:i’-’«f AR7CRERETh BT ?Olﬁ%'r'e"o

BERRETF— s XRSHEhC I FRATENTEDOh 3. LRLARL 9 &A%

K. CIFEHE.2i. CIBERO Vv HEArDEE%R . F4ARAI LD VL

EDKTET. i. j WRRK

i=(k/1886) + (k mod 2) _
j=68- (k mod 2) + ((k mod 1838) /2) = (2)

DEScEEh B, | | | o |
'_Tﬁbt\kﬁﬁ&?%éﬁﬁﬁamvyﬁwéclﬁ%om¥uﬁ«\kﬁ
AU THIAREDEROC | HBORECE~Z. COX>RBELHES T
_&T\?41?L0?—9E&C2#%0%hﬁ—ﬁbt(ﬁb\N—xﬁ:?'
—o%#%&ék?%:&ﬂfsaocwxéﬁﬁﬁﬁ\&ﬁt5H8ushf
ﬁﬂmsoﬁéﬂﬁé’&mxbﬁﬁfézo:OMTM‘CIﬁ%EzﬁﬂL
TyvHL RSt RA. 2HBEMELOTHES, ARUEORFT X5 4
FBTLEV, COWA. i\ J BRERR

i=(k/1386)+ (k mod 2) .
j=34+ (k mod 4) + ((k mod 1836) /4) = (3)

DEIEAB, SOk RTAKES (A) OBALABK. FARS EDT -
PMECIHBMEE—RLAEVWES TR, |
$7.H5 (A) KBLTH. FRFEO v VAL BES €TV EK, BH
BHO Y HAEBESETL AV, COBADNC I HBRI. C2HBRA.
&U%&R?4zauﬁﬁéné?—;oﬁﬁm\m5(B)uﬁ#iéuﬁéo
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horliont al direction in Fig. 19 for exanple, D32, D1, D34, D3 D29, D62 and
D31 are ywpRkhegsh Parallel. Consequently, relations bet vveeggqg;gglgé?g d out

fromthe disc and the Cl code series exhibit a zigzag sha

Fig. 19 The relations will be as follows when the relations is represented
in an equation. Let "i" designate a Cl code series nunmber, "j nbol - -
nunber i n B BEE R0 Flktt BE JdkidhiRe B Byfido)l SrRat J:r'edeﬁdgdzﬁ .

A B S T P B S BT ST £

""" %chLio(ﬂxﬁDZ?O\D27l)ﬁ B s> EES ¢ E
o 5 (B) OB&. TRXSEILERISBVAD. BS (B) 0BRED=S
“ERHKRLETE 3. K. ls(B)oaeo(x.j)quxmxor.
RO LHTE B, | |

i=(k/186) — (k mod 2) +1
j=68- (k mod 2) + ((k mod 1886) /2) = (4)

(2) AU AEBONBLERRCESLEE

CTEBLEFA VS AEBORBEFRERATEF 1 V2 A ERHEL
_ﬁﬁg\:nmﬁm?sr4v&»%ﬁﬁ%&%ﬁ@%ﬁﬂ%ﬁﬁtﬁqif!
T, CORBADTA I P EBHBLEROMRERT, SOF 4 V7 118
ERELBETR. 74— L OOBAEBT. LA —v Y I HhSTA—7
-VF#OER%ﬁﬁﬁoAﬂkﬂ?V;A%EE7V4AIDﬁﬁmgnk;-

pMANEN B | | I
AHDEBREFAEY 101 KADEN, CINBC2ABOEKEVITED
Bl 02REShTEINERSMANMEh, BUA<) 101 c@sAzh3.
 RREFMEMEKL 04 #>h3, chosx) DBERST FLRARTE
BBLTFLAORESE. AT MBMI 084, y4—vv L POBAMS
KEDARENLE7 A -y FRELTHET 5, | | |
C  HSEES5 (A) OL74—<v L OBAR.ANF— s 22 €Y 101 R
BOTEEBEI 0 2 TRESh3BBERLALOTH S, ANF—sida 0~
2115 $TO 116y ¥ F AN 1 ELEVELTABENE, 2 TFBEBI 01T
BREEO Yy AN, IHBRHBEShE. KRAYF—) =<3 02Kk
04/&—0—7#ﬁ3h\!2?TL#C2H%EkiU§zbh\CZﬂﬁ
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‘However, the fractions |ess than_a decimal point are rounded down in
di vi si on. WOPS@#3IVt i on, synbol "nod" in the-af orenenti oned ROLIRISHOINS
de5| gnate a surplus in the division. 5 These definitions are the sane
With the follow ng equations. On the other hand, in the deinterleaver 34,

e My M SRR orbagaR R g, oo e by 108
ELTFA4Ys—)—~304TCROEFRSh. CIFSHSLMB3 05
CCIMEAY) A XBEERAmEhrth. BEBI 0 6 THREED v v F
ARBESN D, EOBA Y "—» 30T TCIRUCLOHNENY 74 ¥ V¥
ADBNRESRTDO~b135 FTD 1365 Y KANMBENB. FARI ]
07(EbOL b1y b2y o DIFIcEBEESHh B, M. 15 (B) OL74—
= bids B8 BVWTHEMS 0 6%, DOy b2y ba-eebi32 \ b134 B
KB B30PDIS, bl. b3, b5-bl133 ., b135 WIKWY BT &k &D
%ﬁ?§5o__. | |
RORLELARKS 72— tOREERT. L7F -V +ERUBO
B AVI =) —RE02EFA VS = —R404DBTHD, BEMHL0 1
WEEM301&, C2HSHELMB403BRCIFBHELMW303&. C1
FEASAB405ECINBRERM3 05, BER4 06 EBEMRS 06
B AVR=F L0 TRAY N~ 30T ERLMRTHB. A V5 — Y — 04
020BERE (x) . FA4Vs—)—~4030BEES (x) BRRX

f (x) =x mod 43
g (x) =42-1 (127-x) - e (5)

DES5KN3., ThiRk) . RITRLALIRC2HBENBON 3,
#9101 XDEFMERAEK] 04Eohy -4 &, EFMERSH.
'&0979/71—77bIDNME%105f\vyyaﬁﬂént7t—v
vr®7#—vaIDﬁﬁMéh%QRtﬁv%ﬂyﬁ%ilosmﬁénr
FAR2 10T HBEENR S, | | .
CORBADT A VS A EBORBESER, 3 v E2-2F—s 0. BR
PERF - SORBBECEAINZLEMBELTWALD, BOTEF
ELELLEER. TOFEBIVERBRILEALAVWLIIERSIATVS. 7
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series taken out by one synbol for every four series of Cl code series- is ‘'
I nput  asyg o4039de series as shown in Fig. 19 with the doﬁéﬁ‘ﬂ”%ﬁ% S
ode, symbols in

Consequent |y, when an error is corrected by using the C2c
108 frane portions in the Cl code series fromthe disc nust be read out.
Incidentally, in the present application, ClL code series frame which Ls
r equi r ed®Ford th@ Err & Boor? &b a0 ratHé QIREdeT54rRes 1i § T FTTA N E as
an inter|eave constraint length. Wth the CD the interl eave constraj nt :
length HEEET6H frades. 16y 4 e vy %l bdsdt BB BoBve [ Ihk RO BED i the
O ls an ernpl LORER R EHF LN\ S B AH ADWS L PN BRIV e %
By HrOBERNKALENS XS CEEMS 0 I KBYSATUE.
M8 2B HF THEFSE. a 0. ¥ —§ =8 02K &>Ts 127
FU—sBESh, B, BEBI 06Kk k-T1 7L —2BEEhB. Lifo
T, al0HboelLTHAIShBIRKIZIX, &8 128 (¥ 12741) 7L —ABEX
RBIERNB, Fhy a2l 1Ys—J—RB02RX>T. 126 7L —4
BESh. #4125 —1—N304kkoTloL—ABESh, BCEES?
06RX-TI7L—4aBEShS, Li-T, a 28D 2L LTHIEREK ¢
ik, &8 128 (= 126+1+1) 7L —ABEIHN B &ML B. a4 a 6o
a112.2114Ko0ToAMRTHY., BEAKTRSh3ARBED o >
 KAOBERE. ThER 187 L-srBB. |
—FRBERTRINIBEHREBO v F ik, L BEMBI 0 1 AXEL L
TBHE allB  AYy =Y —N302kkoTs 577 L2 BEZIN. BR,
FAYI—Y—rNB0 AR E>TNT L—ABEShB. LE>Ts a 1 #b5
LUTHASh BRI, &8 127 (= 57470) 7 L—ABESh 3 kA3,
g, a3 A5 —-V—~30 2&:&'9'6567 vVaBEESh. FA4V5—
y—s380 4'2:.!:91‘717 v—#i&ﬁé'héo Li#>Ts a 88b7&LTH
zénaﬁmw;éﬁlﬂw=swn)éu—Aﬂﬁsh;:amusoas\
Cafewall3.allskoLTLAMTSY. BUERO L Y £LORE
BuU. zhEh 1217L-LEn 3, -
REAMEEDO Y v F A L BRBEO Y VAL OBERORE 1 7L — 4T
50, COBEREPBRNT 2 HCBEMS 0 | XARFTHB. CO&S KRR
 $ B3 ROF—SEEFARILRBENEF KN —RTEED. C
DOE3 LREDF—sME+7 ) ¥ /T 3BARK~T. TEREBIOLA
EBEC I ENTE Bo o o | |
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‘error and burst error. However, the correction capablllty is limted. Wen
the di gi WR95&M3al is to be recorded in high density, it SCTEROHMens t hat
_the error cannot be corrected. In addition, when a |larger size of data is -
‘to be recorded on the disc, the ratio of error correction code which

occupi es t hept ptakE g mes of 1@t < qr@ﬂwedwjeﬁecy 35t & yepdy R Brtvizsd.
Thus the size of data that can be recorded is [imted. Furthernore, in the

0 standar g M | G ar BT O vt Mo cBrl BIc i ELIBOUTDEE B Bk o

read out LB —HBLIVH, CDOXSEROF~sMEY+7 ) ¥/ T 5RERE~
L. HEREROF— S EARBENERD. NEREBIOLAENC &
HTEE, Mya—SECEERS 0 1 ¢RYTVRE, ¥3 - Y HCEES
50T8RUBVIEEbBEATHE.

—HFA VI A EBEBLEEENI ORRT LS CRREN, FA R 9 10
7:Dﬁam$nk5%m\RFTVjZOI%BT\779/71—77PI
D&&ﬁﬁ@ﬁ202f7y9a7#f?vbIDﬁ&mﬁﬁéhéo%Lr7
#FvvbIDK&DL?#—vvbijtfvvbbEEﬂL\7#f77
PEBIERERBOs T ) HBB2 06 KB, v¥I /74 —<v | DRE
SMEB202T. ¥yYsE74 =<y b [ DiBARAT -4 &, EFMER

 EB203THEMEAsEY 204RRDATAE, B

AEVHBB206., v¥s /74 —vy F IDRMHBEBE 20 2 XD H
DEhk7d -2y PEUIEBIREID, Lot —<y bhST74 -7 5 %A
D, BRRELTA T OBERASHABLT FLASEMBET 5o £ TV 20
S1ERDATNhAEF -2, CIHBOWRBTELSh T, BOITEEB2 0
5iEoh. TEShARSNBUsE) 204Baidzhd. C1FBOE

ARHOLFBE. C2HBOMKESMENT. ALCEVMERB2 05T
ﬂEéﬂT5EU}%ﬁ204EI$ﬁ§h6ogbﬁﬁﬁﬂﬁﬂk?—iﬁ}
%vzo4xbwb3n5,:nboﬂwu;fuﬂmmzoSﬁﬁéo
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Ly 2. 1 184%)204ECIASNEORARTRNBED AEhTVL
x>+%FRT. RF7L- AIDHIOIV—a%T7U—a1EF3, 7U—4

4\5,s\7mmu§s¢§n\mo47u—A#n-zr;7—rkbnc'
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connectively due to a burst error, no nethod is avail abl e which all ows

- detecti ngyd dapgpygner of defected frames with the result th&M&o& code
; I

cannot be corrected and correction cannot be perforned at

osure-
I nventi on The present invention has been nmade in view of the

aforenentioned point, and the invention is intended-to provide" dhgltal
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‘recor di ng_nedi u and digital signal decoding nethod and apparatus which
are capab r-I‘!Fr]:),roving error correction capabilities andPEEIPRSI0AIPSt he
redundancy with a sinple structure when a digital signal is encoded and
‘decoded by adding an error correction code. ‘To sol ve such a problem

accordi nggt @ flpg,fpf/ese.ng, 5n(yelng| or;g@gpgg@tzati@mggls fgngqdi ng mlg)ﬁgtgg

encoding a digital signal by adding an error correction code conprises:

addi ng togan 3 RpUt | & s Misnal &.f Cr 3ty Bypablabned yABIEE #B 5 east

a first encoding series of the input digital signal; adding to the input -
digital sisghal BESRECOT TRk i #bbt & edaby THB B & $edand eotle— 2 6 0 4 O
Eﬂig(x}ﬁ479-9eﬂ402a\?4?5—U—N606®§E1f

(X) BFAYS = =404 2hThALTHB. 0
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%UMHWIOSﬁ\f%U101o§§ﬁa7wv£;ﬁmb7kpz\ﬁs
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3. ARKE] 2. B SOSBEBRUF A > 5 — ) - "B 5 0E IR
Kﬁ\i%UﬁEWZGGﬁ\f£0204®i$ﬁ67FVZ\%&LTFV
ABERBIAIVS  RBLIA S VBT E LR k> TRAT B
ENTES. PIAE. F42210TH5HEESN~ADO, D2, D3 =¥
—s2ehEA. E5 (A) KFRT (i, ) 22T )OBERBTFLREL
THET S HBCRML. ShERTMERRSH L TR, AL, i =
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series which correspohds to a plurality of symbols taken out fromthe

adj acent Y of first code series by shifting. each )] /_one
W 4ty ¢ nECTRspls

dthe -

synbol ;

arranging an input digital signal to which

second parity are added so that an arrangenent of symbols in the second
~code series does not agree 7 with the arrangenent of synbols on a
recor di ng WERli Lot erntré i dcbar ﬁﬁgﬂﬁﬁﬂhﬁrﬁﬂsﬁﬁ % WD Jak

di gi tal

<\ﬁ&07# -2V ERBETE 3., 74— ?/leL&éﬂﬂk&D\_
E&O?f—vvb%1&074z9kﬁﬁéﬁtﬁﬁﬁéﬂ7%&néq
SR LAOMRK XN, ARBEXGBUEED v KL BERETX
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5ignal encodi ng apparatus for encoding a digital signal by adding an error
correcti oNO@&@M3Eonpri ses: neans for adding to an input- di pclvavesmomsal a
.first parity obtained by using at |least a first code series of an input
dlgltal signal; neans for adding to an input digital signal a second parity

obt ai ned byl ysiyH i FFROBNG ERIE S %@Mﬁkcw ﬁPQ“dﬁgiﬂ@ plunahif g of

synbol s taken out fromthe aforenentioned urality of adjacent first code

%Wesmmwﬁﬂﬁ&aMWﬁ%WﬁW1W%%ﬁmI@@Eﬂﬁ*ﬂ“ﬁ@@ﬂmiw
i nput digital signal to which the first and the second parity are added so

t hat the -arz angevei i icsydbel = vt 1hD 28 ond S@e\ sekifesy doesu rloD ldgr de

e e C M D ES X 5 & LA, ChicRi. Bt s BEORM
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BRIARRST. RBEAF A 27 PRAFA R PHAF— T Ok > uB&iA
BAEEAFATEAVEFA IS LEBHSLHERCEE. ¥4 5 L83
ERBG. 4V A EREBLHERUCEECLECEALTHFAELTLOTS
3o o |

EEO LS CARRR LN, 350 b4 R ABERLT, HRE.
MOMES)FABEMPL. AV ) —THEEEECLAZERED.
VFAIS—RUNA—X x5 —RHLTEONEENE2MELBSE EHIT, 3
YRIPFARIBRBCLEx, AREEZBRTENTE, TOXRBLERTE
B3F— s BENMUIB/BFA VS AEBRELSERUSE., ¥1 U5 LESR
BRI, 745 EBABEFRRUEMERATE S,

- bi»*%'ﬁklhﬁ\ FERPIIESN)FIBEALTSA V- —~THE
animé7#—vvbémﬁb\7t—vvbID&x?rmﬂt6;5m
LhzikkD, FRABECASLBELEMECTEo LNl WHOT 4 —
<Y PRNELA. 74— IDCMATEC L LD, HBOT 4 —
TV 21 DDAFATRRESETRERLEETE 374 U4 AERHBLS
BRUBE. 7195 L EBERRE. 74 VI A ERABLAERCEE LR
Rtssd, N
ELRARBE XN, TRy VK LOBEREIRLTC 2 ABMEF A
9io?—7mﬁ~ﬁbmh;5ubt:¢nib\N—zF:é—ﬂEﬁﬁ@

19



recordi ng medium Furthernore, according to the present invention, in a

di gi t al veogsmab3m ecor di ng medi um recorded an encodi ng dlg@kﬂhpﬁmﬁggl encoded
by adding an error correction code, the encoding digital signal Is :
generated by adding to an input. dlgltal signal a first parlty obt ai ned by

' 'ltjgi ?geaﬁﬁ?ﬁ%l gl“]tc IglrtiL?%Dg ?eggn daﬁp#ﬁg%?a%‘% {Tye?m gd‘-t‘g?]bﬁddl:gge
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‘the first_and the second parity are added so that the arrangenent 8 of
synbol s iMOPH&03%cond code series. does not agree wi'th the BET/IRISOMOSt of
synbols on a digital signal recording nedium Furthernore, according to the
‘present invention, in a digital signal decoding nethod for decoding an

encoding digital signal generatedgbysgaddbngg o gghe inp [Ill“lml m" rml t he

first parity obtained by using at least the first- code
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first code series by using the f|r encodi ng digital
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»encodi ng_digital signal to the flrst errE correctlo in the direction of
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or correction in .

“the rearranged encodi ng digital S|gnal
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correction capabilities can be inproved with a sinple structure and the
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*Fig. 2 is a schematic diagramexplaining the interleave in an L format.
Fig. 3 iWOP524038mati c di agram expl ai ning the interl eave | ACE#PISOP®S mat . _
Fig. 4 is a schematic diagram expl aining a sector structure by a nethod for
"encodi ng and decoding a digital signal according to the present invention.
Fig. 5 (A and 5 (B) are schematic diagrams showing a recording order on a -
disc and an order of a Cl code. Fig. 6 is a schematic di agram show ng a
recordi ng order on the, disc and the order of the Cl code.
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‘Fig. 7 is a block diagram showi ng a digital signal encodi ng apparatus

accor di ngWP@saM37enbodi nent of the present invention. Fig. PEINRISA0ISock

di agram.showi ng a structure of an error correction code encodi ng process
‘portion in the L format in the digital signal encoding apparatus of Fig. 7.
Fi-g. 9 is a block diagramshow ng a structure of an error correction code
encodi ng process portion in the S format in the digital signal encoding
apparatus of Fig. 7. Fig. 10 is a block diagram show ng. a digital signal
decodi ng apparatus according to one enbodinent of the present invention.
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*Fig. 11 is a schematic diagram explaining the burst error correction
process. WO 8240 i s a bl ock di agram showi ng a structure ofPCIVIPR5/0030S
correction code decodi ng process portion in the L format in the digital :
‘si gnal decodi ng apparatus of Fig. 10. Fig. 13 is a block diagram showi ng a
structure of an error correction code decodi ng process portion in the S
format in the digital signal decoding apparatus of Fig. 10. Fig. 14 is
schemati c di agram showi ng a structure of one '
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» code length of the Cl1 code in the conventional conpact disc. Fig. 15 is a
schemat | WOASR4933m showi ng a structure of a sector in the BERRIS0PINSal
conpact disc. Fig. 16 is a block diagram show ng- an encodi ng and decodi ng -
* apparatus of the conventional conpact disc. Fig. 17 is a bl ock diagram
showi ng a structure of an error correction code encodi ng process portion in
t he encodi ng apparatus of the conventional conpact disc. Fig. 18 is a block
di agram showi ng a structure of an error correction code decodi ng process
portion in the decodi ng apparatus of the conventional conpact disc.
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"Fig. 19 is a schematic diagram show ng a recording order on the disc and
the or de'W@PS/24487 C1 code in the conventional conpact di sc.PEBsPESHR3e%E f or
Carrying Qut the Invention 12 An object of the interleave will be
“expl ai ned at the outset before describing an enbodi nent of the present
invention. The interleave serves to distribute burst errors that continue
over - : :
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. several synbols on a disc so that the burst errors can be observed as
random ewo®sa403m a direction of C2. By the way, in the prRCEIRS8HMSHdi nent

. as described later, the length of the Cl code series is set to 136 synbols
- which is considerably |ong conpared with 32 synbols of a CD. Since the CD
is short with a 32 synbols of Cl code series, synbols are taken out -for
every four franmes of Cl code series to be a C2 code series as described
above to attain the aforenentioned object. Thus, when the Cl code series is
arranged in the horizontal direction, an angle formed by the Cl code series
and the C2 code series is referred to as a deep interleave when the angle -
is large. In the present
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"enbodi nent, since the Cl code series is long, the aforenenti oned object can
be attai n¥@%#2#%38ut. perforning the deep interl eave. |n -t hePCBIN030§, t he
dinterleave in CIRC used in the CDis.rendered sinply shallow. Then it is

t hought that the C2 code series constitutes a C2' code series shown in Fig.
19. In this case, the C2' code series is an interleave such that 33 synbols
are inserted between adjacent synbols with DO bei ng di sposed at the head

t hereof as shown in Fig. 19. Wth such a structure, one synbol is taken
.out fromeach of consecutive Cl code series. In the enbodi nrent shown

her ei nbel ow, since the Cl code series is long, a space between each of the
synbols in the C2' code series
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» 13 Is actually longer than this, the aforenentioned object can be

att ai ned WO 952403%c deep interl eave of the CD. When such an POTLIP9S/a838sc | S
performed, DO and D1, and D66 and D67 or the |ike becone synbols which are:
"l ocated adjacent to each other on the C2' code series and arranged adj acent
to each other on the disc, too. The sane thing can be said even when the Cl
code series is tong. The original object of the interleave is to
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tdistribute errors that continue over several synbols on the C2 code series.
Thus it |iwoestdea7ef erabl e that a synbol order on the disc pgtgaesoesssh a
synbol order on the C2' code with the result that the correction
capabilities of the C2' code get worse. In enbodinents that will be

-descri bed hereinafter, the synbol order on the disc does not agree with the
synbol order on the C2' code. One enbodi nent of the present invention wll
be described in detail with respect to the draw ngs hereinbel ow. (1)

Met hod for Encoding a Digital Signal In a nethod for encoding a digital
signal according to the ' _ ' ' L
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-present enbodiment, a format in which the interleave constraint length is
| engt hen®0 8HMOI7 bur st error correction capability is i npRCIISEN3IVES erred
to as an L format whereas a format in which the constraint length is
shortened and the burst error correction capability is mnimzed to a
required degree to raise a process speed is referred to as an S format. 14
In a nethod for encoding a digital signal, Fig. 1 shows a C1
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* code as a whole wherein the code | ength conprises 136 synbols, data

conpri seWQ 240y hbol s, 8 synbols at the end constitute a PERIRISHBOSCL

_ parity, and 12 synbols at the center constitute a C2 parity. At the head of
 the code, a sync for synchronization detection is arranged, and, for
exanple, one bit long format IDis arranged followng a sync. This format

I D describes which is the format of the two, an L format or an S fornmat.
One code length of the Cl code is referred to as one franme herei nbel ow. A
frame IDis arranged in one synbol at the head of the data follow ng the.
format I1D. Here, the frame IDis included in the Cl1 code. Then an error can
be corrected with the Cl1 code ' '
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Rl

*correction. The interleave in the L format is - shown in Fig.-2. Inthis L
format, twe9SR4030de has a code | ength of 128 synbols, and pefymsnbsess of Cl
codes are interleaved. Wen an error is corrected by using a total parity -
*synmbol with the C2 code, an error in 12 synbols in the C2 code can be
corrected. This corresponds to 12 C codes so that burst errors in 1632
synbol s can be corrected. The interleave by the S format with respect to
this point is shown in Fig. 3. The Cl code is conpletely the sane as the L
format.” The C2 code has a code |length of 128 synbols like the L format.

The C2 code is interleaved that can be folded with the-

- 32,34 k .
1 12 4 12 4
> ] ol Lol § ot
F-% 7 — 4 |
T ] f
H7a-F C2,Y 54 . C1/YF4
7 L—LFAHES
®14
% 32,34 b
! - 50
—{Ns1
4
A 7% 7
~
eQ
oy
vl . B 1
| ( - {
¥7a-| C2/18Y 74 C1Y7A
7 L—ARBES -
K15

12/17



‘43rd Cl code. The constraint length thereof is one third of the L format. |
When it iwopsregsbl e to correct an error in 12 synbols 15 pcripobbesos2 code
like the L format, the burst error in four portions of the Cl code, nanely .
544 synbols can be corrected. The redundancy in this format is 14. 7% as
conpared with 25%in the CD. In addition, in the CD, the codes Cl1 and C2
have a parity nunber of four synbols. However, in this format, the
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*codes Cl1 - and C2 have a parity nunber of 8 synbols and 12 synbols
respect i WO 95248 ce the codes are so-called LDC (Long Di siPOTERISHSRS) , t he
correction capability can be remarkably inproved as conpared with the CD. A
‘sector structure in this format is shown in Fig. 4. Ei ghteen O codes
constitute one sector. A data portion excluding a parity conprises 2088
synbol s. Qut of 2088 synbols, the frane I D conprises 18 synbols, the sector
head conprises 18 synbols, an error detection code (EDC) conprises 4
synbol s. The renuai ni i@ 20482synbol 93constigyte act2ml dat @6 I n ?gﬁer wor ds,

when one synbol conpri ses @gne byte/ one segtor comprises 2k -
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- bytes. Nunbers are recorded in the frame IDin an order of 0, 1, 2, ...
17 fromwaoe9sieesd frane of the sector. This is repeated focrapsshesns t he
sectors. A case will be described in which odd-nunbered synbol is del ayed
“at the encoding tine so that an arrangenent of synbols in the C2 code
series of the digital signal in this enbodi nent does not agree with a
synbol arrangenent on the disc. Fig. 5 (A) shows a relation anong the Cl1
code series, the C2 code series and data actually recorded on the disc
according to the present 16
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« enbodinent. Data is read in the horizontal direction so that the C code is

correct ewo9524a37t he af orenentioned Fig. 19, the Cl code oPCEAIPISMOMSsi gnat ed

by synbol "i", a synbol order in the Cl code is designated by synbol "j",

“and a symbol on the disc is designated by "Dk". The synbols "i" and "j"oare
represented in the follow ng equation: i (K/ 136) + (k nmod 2) | =68 . (k
mod 2) + ((k mod 136)/2) ... (2) More specifically,

odd- nunbered synbol in which "k" is an
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« even nunber is arranged in the first half of the Cl1 code whereas

even- nunwersd4msynbol in which "k" is an odd nunber is arrpoDsesioossshe

| atter half of the subsequent Cl code. In such a delay, the data order on
* the disc does not agree with the data order of the C2 code so that the
effect of the burst error can be minimzed. Such a delay can be actualized
by providing a delay portion 306 shown in Fig. 8 that will be descri bed
later. In this exanple, synbols are arranged by dividing into two the Cl
code. However the divisionis not-limted to two part division. For

exanpl e, the code may be divi-dedff n bj)u g?]ts as shown in Fig. 6. In
such a case, "i" and "|" are represented In the foll ow ng
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equations: i = (k/136) + (k mod 2) 17 ] =34 * (k nod 4) + ((k nod

136)/ 4) P (3) In syc h an operatlon it is possible to
arrange the structure so that the or er on the disc does not agree
with the C2 code order. _Furthernnr | Flg. 5 (A) odd- nunber ed synbol is
del ayed, T

DESCRIPTION

Title of Invention
Digital Signal Encoding Method and Apparatus, Digital Signal
Recording Medium, and Digital Signal Decoding Method and

Apparatus

Technical Field

The present invention relates to a digital signal encoding
method and apparétus, a digital signal recording medium,.and a
digifal signal decoding method and apparatus, and is applicable
to an apparatus fo; encoding and decoding a digital signal by

adding an error correction code.

ﬁBackground Art

Heretofore, 1n a compact disc (CD), an audio signal is
converted into a digital signal so that the s1gna1 is encoded and
recorded in accordance with a CD standard. A signal format of
the CD is shown in Fig. 14. One frame comprises one byte long
subcode, 24 bytes long actual data, and 4 bytes long Cl error
correction code and 4 bytes 1on§ c2 error_correction code (CIRC
(Cross Intefleave Reed-Solomon Code)) which amount to a total of
33 bytes.' In addition, at the head of the one frame, a frame
synchronization signal is added. Consequently, a ratio of the-

error correction codes which occupies in the total size of data



but even-nunbered synbol may be del ayed. Rel ations anong the Cl code
series, the C2 code series and data actually recorded on the disc is such .
that is shown in Fig. 5 (B). Wen odd-nunbered synbol is delayed, as shown
in Fig. 5-(A), a portion renmains in which adjacent synbols in the C2 code
series agree with an arrangenent of synbols on the disc (for exanple, D270
and D271). In the case of Fig. 5 (B) in which even-nunbered synbol is

del ayed, no such phenonenon is generated with the result that the error
correction capability can be inproved. Incidentally, with respect to a case

shown igxdiu@iny (¥bcddes,) Indifsl Y echd @dtunBdtsy T | Wy sBRibPes, or
25%. |

In addition, in the case of a signal format of the CD, as
shown in Fig. 15, one block is formed of 98 frames which is
called one sector. Actual data in this one sector is 2352 bytes
long. Iﬁ the two frames long subcode at the head of the_one
sector, peduliar patterns referred to as SO and S1 are recorded
so that the head of the sector can be differentiated.
Incidenfally, the error cor;ection-code CIRC is whaf connects two
stages of Reed Solomon Codes, namely Cl and C2 cﬁdes with the
interleave.

A structure of this CD encbding/decoding appératus is showﬁ
in Fig. 16. At the outset,'in the encoding apparatus,.sik _
samples_porfion of each channel L and R, or 24 bytéé constitutes
one unit of the digital audio data so that the data is input to
the CIRC encoding circuit 1. The CIRC encoding circuit 1
comprises a circuiy shown in Fig. 17. More specifically, an-even
N, ‘number samble delay circuit 21 and a scramble circuit 22 delays

py two fraﬁe portions even—nﬁmbered sample data respectively to
change the arrangement thereof. This is intended to.intérpolate
defect portion thét cannot be corrected with adjacent data and to
obscure}the data in acouétic sense when the érror éannot be

‘corrected. | | |

Furthermore,_cz codé encoding portidﬂ 23 calculatés 4 bytes

of C2 parity to be added to the 24.bytes of the original code.



i = (k/ 136) - (knod 2) + 1) =68 * (k nod 2) + ((k nod 136)/2)
..... (4) (2) Dgital Signal Encoding Apparatus and D-gital Signal
Decodi ng Apparatus There will be described an enbodi ment of a digital
si gnal encodi ng apparatus for realizing a nmethod-for encoding the 18
af orenenti oned digital signal and an enbodi nent of a digital

The interleaver 24.offers interleaves whose maximum delay eitends
over 108 frames. The Cl code encoding portion 25 calculates 4
bytes long Cl parity to be added to 28 bytes long data including
‘the original code and C2 parity, so that the total length of data
becomes 32 bytes. |

The odd number symbol delay circuit 26 delays by another one
'frame portion only the odd-numbered symbol.. The reason for such
a delay is that when a random error is generated over 2 bytes the
effect is given to oﬁiy one symbol in one series of Cl codes.
The inverter 27 inverts-a polarity of - the parity to prevent a
judgement that no error is generated when an error in all the
data becomes zero.

A subcode adding circuit 2 adds one-byte long subcode to a
CIRC encoding output thus obtained for each of 32 bytes. Here,
above-described codes SO and S1 indicating the head of the sector
are also added as the subcodés. And the codes are EFM modulated
with the subsequent EFM (Eight Fourteen Modulaﬁion) modulating
circuit 3, and a frame synchronization signal is added to a héad
"of the frame in the frame éynchronization signal adding circuit 4
to be éent to a cutting apparatus 5. The cutting apparatus 5,
perférms mastering so that a disc 6 in which a digital audio
signal is recorded in accordénce with the CD sfandard is
manufactured.

‘On the other hénd, the decoding apparatus performs a process

which is opposite to the encoding process for decoding the



si gnal decodi ng apparatus which corresponds to the digital signal encoding
apparatus. In'the beginning, a structure of the digital signal encoding
apparatus according to the present invention is shown in Fig. 7. This

di gital signal encoding apparatus selects either the L format or the S
format wth a format switching signal. Data to which the frame IDis added
'to the head of the frame is input to input the format. An input signal is
input to a nenory 101 in the beginning. Either Cl code or C2 code is sent
to an error correction circuit 102 in this order and an error correction

code | Sigudas.t haoried spEbifiodlily erchanlsiga muad Frbil wgnidisdhenis he
code Iiézzigted with a frame synchronization detecfing and separating'
circuit 8 via an RF amplifier 7 with the detection of the frame
synchronization signal. Sﬁbsequently,-the EFM demodulation
circuit 9 demodulates the signal, and the subcode detecting and
Separating circuif 10 detects and separates thé subcode at the
head of the one frame to be input to the CIRC decoding circuit
11. The subcode detecting and separating circuit 10
differentiates thé head of tﬁe sector_by detecting the codes SO
and S1. This CIRC decoding circuit 11 compriges a circuit shown
in Fig. 18 so that one frame portion of 32 bytes are input.

More specifically, an even number symbol delay circuit 31'
delays by one frame even-numbered symbol out of.the 32 bytes.
- The subsequent parity inverting circuit 32 inverts the_parity;
lThe Cl code décoding circuit 33 uses a Cl code to correct an
error: This allows 28 bytes long déta‘excluding Ci parity to be
sent to the subsequent deinterleaver 34 to be deinterleaved. The
" C2 code decoding portion 35 uses the C2 code to correct an error.

This allows 24 bytes exciuding c2 paritx to be sent to the

subsequenf descramble circuit 36 to be descrambled. The odd

number sample delay circuit 37 delays by two frame portion odd-

numbered sample of the descrambled data thereby outputting one

‘frame portion of 24 bytes long data.

Here, relations between the Cl code series, C2 code series,

and data actually recorded on the disc is explained by using

.



to an EFM nodul ation circuit 104. The generation of a witing address and a
readi ng address in these nenories is controlled in accordance with the
format selected with the format switching signal by the nmenory contro
portion 103. Fig. 8 shows a case in which input data is processed with the
menory 101 and the error correction Circuit 102 in the case of the L. format
of Fig. 5 (A). The input data is processed in such a manner that 116
synbols fromaO to all5 are collected in one group. In the beginning,

even- nunbered -synbol is delayed by one code |l ength at the delay portion
301. TRégst.hdB8spmido/1® .ar & m:z.ioeﬂ:adddﬁartelmta.mn rimem:xgavélg 3@ ss €1t heidet he

synbol s are
series in whlch_an error is corrected with the Cl code in this
order. Aésumiﬁg that data is recorded on the acfual déta in the
order of DO, Dl and D2, at thé outset‘DO, D1, D2 ... data is
input.in parallel to the even humber symbol delay circuit-31. In
the even number symbol délay circuit 31, since even-numbered

_Isymbols'such as D1, D3, D5 ... are delayed by one frame, at the
-entrance of the Cl code decoding portion 33 at the certain time,
one frame portion of symbols in the Cl code series shown in the
horizontal direction in Fig. 19 for example, D32, D1, D34, D3 ...
D29, D62 and D31 are input in parallel. Consequently, relations
betwéen data read out from the disc and the Cl code series
exhibit a zigzag shape as shown in Fig. 19. The relations will
be as follows when the relations is represented in an equation.
Let "i" designate a Cl code series number, "j" a symbol numbér in
the C1 code. Let "k" designate a symbol order recordéd on the
disc. Then the symbol is designated by "Dk". Then (i, j) can be

represented in the following equatiohs:

i=(k/32) + (k mod 2)
j=K mod 32 ceeee. (1)

However, the fractions less than a decimal point are rounded
down in division. In addition, symbol "mod" in the

'aforementioned equétions designate a surplus in the division.



rearranged in an order of the C2 code shownin Fig. 2, and a C2 correction
parity is-calculated and added at the C2 code encodi ng 19 portion 303.
Then after the synbols are brought back to the original order with a

dei nerl eaver 304, and the Cl correction parity is cal cul ated and added at
the Cl code encodi ng portion 305, odd- nunbered synbol is delayed at the
del ay portion 306. After that,

Thése,definitioﬁs are the same with the following equations.

On the other hand, in the deinterleaver 34; since an output
from the Cl code decoding portion 33 is delayed by 108 frames at
most, at the entrance of the C2 code decoding portion 35 a symbol
series taken out by one sym561 for every four series of Cl code
series is input as a C2 code series as shown in Fig. 19 with the
dotted arrow. Consequently,.when an error is corrected by using
the C2 code, symbols in 108 frame'portions'in tﬁe Cl code series
from the disc must be read out. Incidentally, in the present

' applicafion, Cl code series frame which is required'fﬁr the error
.correctibn in the C2 code series is referred to as an interleave
constraint length. With the CD, the-interleave constraint length
has 108 frames. | |

By the way, as described above, thé CIRC used in the CD is
an error correction code which is effective for both a random
error and burst error. However, thé coréection capability is
limited. When the digitallsignal is to be recorded in high
density, it often happens that the error cannot be .corrected. Ih
addition, when a larger size of data is to be recorded on the
disc, the ratio of error correctioh code which Qécupies the total
‘size of data, or the redundancy is already determined. ' Thus the
size of data that can be recorded is limited.

Furfhermore, in the CD sfandard, no information is available
which differentiates the 6rder of frames. Thus, there is a

problem in which when a certaiﬁ framé,cannot be read out



only correction synmbol parities of ClL and C2 codes are inverted at the

i nverter 307 so that 136 synbols frombOto b 135 are output. The synbols
are recorded on the disc 107 in an order of bQO bl, b2,....Incidentally,

the L format in Fig.5(B) can be realized by providing the delay portion 306
on the side of bl, b3, b5 .... b133, bl35 instead of providing the sane
portion 306 on the side of bO b2, b4 .... bl32, bl34 in Fig. 8 Fig. 9
shows a case of the S format |ike the aforenentioned case. The case shown
in Fig. 9 is different fromthe aforenentioned case of the L format only in
an i nt edneoyivEld ave aada ardteamori0ho Aneddiaddy imordvadil alille hwisicdhie

sane
allows detecting the number of defected frames with the result
that the C2 code cannot be corrected and correction cannot be

performed at all.

Disclosure of Ihventibn

Thé present invention has been.made in view of the
aforementioned point, and the invention is intendéd to'provide
‘digital signal encoding method and apparatus, a digital signal
recording medium, and digital signal decoding method and
apparatus which are capable of-impr¢ving error correction
Capabilities and redu&ing'tﬁe redundancy with a simple structure
when a digital signal is encoded and decoded by adding an error
correction code.

To solve such a problem, according to the present invention,

- a digital siénal encoding methoé for encoding a digital signal by

adding an error correction cpde compriseé: adding to an input
digital signél a first parity obtained by using at least a first
encoding series.of the input digital signal; adding to the input
digital signal a second parity obtained by'using a second code
series which corresponds té a plﬁrélity of symbols taken out from
the adjacent plurality of first che series by éhifting eagh
symbol by one. symbol; and-arranging an input digital signal to
which the first and the second parity are added so that an

arrangement of symbols in the second code series does not agree



structure as the delay portion 301. A C2 code encoding portion 403 has the
sane structure as the C2 code encodi ng portion 303. A Cl code encodi ng
portion 405 has the same structure as the Cl code encodi ng portion 305. A
del ay portion 406 has the sane structure as the delay portion 306. An
inverter 407 has the same structure as the inverter 307. A delay quantity
g(x) of the interleaver 402 and a delay quantity f(x). of the deinterleaver
403 are represented in the foll ow ng equations: 20

with the arrangement of symbols on a recording.medium.

Furthermore, according to the present invention, a digital
signal encoding apparatus for encoding a digital signal by adding
an error correction code comprises: meané for adding to an input
digital signal a first parity obtained by using at least a first
code series of an input digital signal; means for adding to an
input digital signal a second parity obtained by using a second
code series which dorresponds to a plurality of symbols taken out
from the aforementioned plurality of adjacent first code series
by shifting each symbol by one symbol and.means for arranging the
input digital signal to whichﬁthe first and the second parity are
added so that the arrangement of symbois in the second code
series -does not agree with the arrangement of symbols oﬁ a
recording medium.

Furthermore, according to the present invention, in a
digital signél recording medium ?ecorded an encoding digital
signal encoded by adding an error correction code, the encoding
k// digital signal is generafed by adding to an input digital signal

a first parity obtained by using at least a first code series of’

" input digital signal and then adding to the input digital signa1'

a second-parity obtained by using a second dode serieslwhiéh

_ corresponds to the plurality of symbols taken out from the

plurality of adjacent first code series by shifting each symbols

by one symbol.thereby arranéing the input digital signai to which

the first and the second parity are added so that the arrangement



f(x) = x nod 43 g(x) = 42 - f(127 - x) ... (5) This

provides a C2 code order as shown in Fig. 3. The data sent fromthe nenory

101 to the EFM nodul ation circuit 104 is EFM nodul ated. and the sync and the

format 1D of the selected format are added in the subsequent sync/format 1D

adding circuit 105. Then the data is sent to a cutting device 106 so that

the disc 107 is manufactured. Since the digital signal encoding nethod in

t he present enbodi nent is based on an assunption that the digital signal_is.
of symbols in the second code series does not agreé with fhe

‘ arrangement of symﬁols on a digital.signal recording medium.

Furthermore, according to the present invention,_in a

digital.signal decoding method for decoding an encoding digital
signal generated by addiqg to the input digital signal the first
parity obtained by using at least the first code series of the
input-digitallsignal, adding to the input digital signal the

- second parity obtained by using the second code series which
corresponds tolthe plurality of symbols takeﬂ out from the
plurality of adjacent first code series by shifting each the
symbols by one symbol thereby arranging an input digitalisignal
to which the first and thé second parity are added so that the
arrangement of symbols in the second code series does not agree
with the afrangemeht'of symbols on the recbrding medium, an
encoding digitai signal supplied from the transmission channél
are rearranged, the encodiﬁg digital signal thus rearranged is
subjected to a first error correction in the direction of the
first code series by using the first parity, and the encoding
digital signal thus rearranged is subjected to the-second error.
correction in the direction of the second code series by usihg
the second parity. |

Furthermore, according to the present invention, a digital

: signal'decoding'apparatus for decoding ah encoding digital signal

generatéd by adding to the input digital signal the first parity

obtained by uéing at least the first code series of the input



used for'recording and reproduci ng conputer data, and conpressed data or
the like; it is considered that a portion where an error -cannot be
corrected is not extended to a wi de scope when an error cannot be
corrected. The C2 code is added via an interleaver so that data is recorded
on a disc 107 in the original data order, nanely in the order of aOto
‘all5. After that the data is brought back to the original order wwth the
‘dei nterl eaver. Furthernore, a delay portion 301 is provided so that the
del ay quantity of the even nunber synbol becones equal to the quantity of
t he oddigirdadr ssygnadl, abdE rgnitedivthentingutd ddeyicogll &igeralnvithe reesgead to
Fig. 8. . ' _

parity obtained by using the second code series which corresponds
to the plurality of symbols taken out from the plurality of
adjacent first code series by shifting each symbols by one symbol
thereby arranging an input digital signal to which the first and
the second parity are added so that the arrangement -of symbols in
the second code series does not agree with the arrangement of
symbols on the recdrding medium, comprises: means for
rearranging an encoding digital signal supplied from a
transmission channel; means for subjecting thus rearranged
encoding digital signal to the first error correction in the
direction of the first code series by using the first parity; and
means for subjecting the rearranged encoding digital signal to
the second error correction in the direction of thée second code
series by using the second parity.

When the digital signal is encoded by adding an error
correction code, the code length, the correction parity number
and the interleave constraint length are increased to a level
more than the compact disc standard. Consequently, the
redundancy is reduced compared with the compéct disc standard to
increase a size of data that can be recorded, so that an error -
correction capabilities can be improved with a simple structure

and the redundancy can be eliminated when the digital signal is

encoded and decoded by adding an error correction. code.

10



The synbol aOis delayed by 127 frames with the interleaver 302, and then

- 1s further delayed by one frame with the delay portion 306. Therefore,
the synbol aOis output as bO the data order is delayed-by a total of 128
(= 127 + 1) franmes. Further, 21 the data order a2 i's delayed by 126
frames wth the interleaver 302, and then is further delayed by one frane
with the deinterleaver 304. The sanme synbol is still further del ayed. by

N

Brief Description of Drawings

Fig. 1 is a schematic diagram showing a structure of one
code length of a Cl code by é‘method for encoding'and decoding a
digifal signal according to the present inventioﬁ.

Fig. 2 is a schematic diagram explaining the interleave in
an L format.

Fig.'3 is a schematic diagram explaining the interleave in
an S format.

Fig. 4 is a schematié diagram explaining a sector structuré
by a method for encoding and decoding é digital signal according
to the present invention.

Fig. 5 (A) and 5 (B) are schematic diagrams showing a
recording order on a disc and an order of a Cl code.

Fig. 6 is a schematic diagram showing a recording order on

the disc and the order of the Cl code.

when

Fig. 7 is a block diagram showing a digital signal encoding

apparatus according to one embodiment of the present inventidh.
Fig. 8 is a block diagram showing a structure of an error
correétion code encoding prdcéss portion in the L format in the
digital signal encoding apparatus of Fig. 7.
Fig. 9 is a block diagram showing a structure of an error
correction code encoding process portion 'in the S format in the

digital signal encoding apparatﬁs of Fig. 7.

Fig. 10 is a block diagram showing a digital signal decoding

apparatus according to one embodiment of the present invention.

11



one frame with the delay portion 306. Therefore, when the synbol a2 is

out put as b2, the synbol is delayed by a total of 128 (= 126 + 1 + 1)
frames. The same thing holds of other synmbols such as a4, a6, ... ... all2,
and all4. The delay quantity of the odd-nunbered synbol represented by an
even nunber in Fig. 8 is 128 frame in respective cases. On the other hand,
the even-nunbered symbol represented by an odd nunber in the Fig. 8 is

del ayed as follows. Wien the delay portion 301 is not provided, the §ynbo|
al is delayed by 57 franes with the interleaver 302. The synbol al is

further del Bdagl M1 s fa avcsena tiv tdiadgicin ey Bamerng Othe GADSSEUSRESY |
correction process. '
Fig. 12 is a block diagfam showing a structure of an error
correction code decoding process portion in the L format in the
.digital signal decoding apparatus of Fig. 10.
Fig. 13 is a.block diagram showing a structure of an error
correctibn code decoding process bortion.in the S format in the

digital signal decoding apparatﬁs of Fig. 10.

~ Fig. 14 is a schematic diagram showing a structure of one
code length of the Cl code in the conventional compact disc.

Fig. 15 is a schematic diagram shoWing a structure of a
sector in the convenf;onal compact disc.

Fig. 16 is a block diagram showing an encoding and decoding
apparatus of the conventional compact disc.

Fig. 17 is a block diagram sﬁoWing a structure of an error
correction code encoding process portion in the encoding
.apparatus_of the éonveﬁtional compact disc.

N Fig. 18 is a block diagram showing a sfructure of an error

correction code decoding process portion in the decoding
apparatus of the conventional compact disc.

Fig. 19 is é schematic diagram showing a recording order on
the disc and the order of the Cl code in the conventional compact

‘disc.

Best Mode for Carrying Out the Invention
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when the synbol al is output as b5, the sane synbol is delayed by a total
of 127 (= 57 + 70) frames. Further, the synbol a3 is del ayed by 56 franes
with the interleaver 302.  The synbol a3 is delayed by 71 franes with the
dei nterl eaver 304. Consequently, when the synbol a3 is output as b7, the
sanme synbol is delayed by a total of 127 (= 56 + 71) franmes. The sane
thing holds true of other synbols such as-a5, a7 ... ... all3, and alls.
The del ay quantity of even-nunbered synbol is 127 frames in respective
cases. The difference in the delay quantity between the odd- nunbered
synbol and Bmeabjaeocbeofdthgniinterieane wiikhebeTexpbabnbd at the outset
before describing an embodiment of the present invention. The
interleave serves to distribute burst errors that continue oVer.
several symbols on a disc so that the burst errors can be
observed as random errors in a direction of C2. By the way, in
the present embodiment as described later, the length of the Cl
code series is set to 136 symbols which is considerably long
compared with 32 symbols of a CD. Since the CD is short with a
32 symbols of Cl code series, symbols are taken out for every
four frames of Cl code series to be a C2 code series as described
above to attain the aforementioned object. Thus, when the C1
code series is arranged in the horizontal direction, an angie
formed by the Cl code series and the C2 code series is referred
to as a deep interleave when the angle is large. In the present
embodiment, since the Cl code series is long, the afbrementioned
object can be attained without performing the deep interleave.
In the beginning, the interleave in CIRC used in the CD is
G rendered simply shallow. Then it is thought that the C2 code
series constitutes a C2' code series shown in Fig. 19. In this
case, the C2' code series is an interleave such that 33 symbols
are inserted between adjacent symbols with DO being disposed at
the head thereof as shown in Fig. 19. With such a structure, one
symbol is taken out from each of consecutive Cl code series. In

the embodiment shown hereinbeloﬁ, since the Cl code series is

long, a space between each of the symbols in the C2' code series
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22 this delay quantity, the delay portion 301 is provided. Wen the
delay portion is constituted in such a manner, the original data order _
agrees with the data order recorded on the disc. Thus, an expansion of the
portion that cannot be corrected can be prevented in conparison with the
case that the original data order is shuffled like the CD. However, the
del ay portion 301 may not be provided. In this

is actually 16nger than tﬁis, the aforementioned object can be
attained like the deep interleave of the CD.

When such an interleave is performed, DO and D1, and D66 and
D67 or the }ike become symbols which are located adjacent to each
other on the C2' code series aﬁd arranged adjacent to;each.other
on the disc;.too. The same thing can be said even when the Cl
code series is 1opgﬂ The original object of the interlea&e is to
distribute errors that continue over several symbols on the C2
code series. Thus it is not preferable that”a symbol order on
the disc agrees wifh a symbol ordé; on the C2' code with the
result that the correction capabilities of the C2' code get
worse. In embodiments that will be described hereinafter, the-.
symbol order on the disc doés.not agree with the symbol prder on
the C2' code. |

One embodiment of the present invention will be described in _

detail with respect to the drawings hereinbelow.

N\ (i) . Method for Encoding a Digital Signa;

In a method for encoding a digifal'signal according to the
present_embodiment, a formaf @n thch'the.interleave constraint
length is lengthened and a burst error'correction capability is
improved is referred to as an L format ﬁhereas a format in which
the constraint length is shortened and the burst error co:rection
dépability is minimized to a required degree to raise a process

speed is referred to as an S format.



case, the data order recorded on the di sc agrees with the data order of the
Cl code series. Al though the data order recorded on the disc does not agree
with the original data order conpletely, the original data order is
-maintained to a certain degree in conparison with the case that the
original data order is shuffled Iike the CD. Thus, the expansion of the
portion that cannot be corrected can be prevented. Incidentally it goes
wi thout saying that a delay portion 507 is not provided on the side of a
decoder when the delay portion 301 is not provided on the side of an
encoder. OnInhe oefthodhFod, enceddng taldigigadl sdgnadi, nFigppdr ahows & C1
code as a whole wherein the code length comprises 136 symbols,
data comprises 116 symbols, 8 symbols at the end constitute a
center of Cl parity, and 12 symbols at the center constitute a C2
parity. At the head of the code, a sync for synchronization
detection is arranged, and, for example, one bit long format ID
is arranged following_a sync. This format ID describes which is
the format of the two, an L format or an S format. One code
length of the Cl code is referred to as one frame hereinbelow. A
frame ID is arranged in one symbol at the head of the data
following the format ID. Here, the frame. ID is included in the
- Cl code. Then an error can be corrected with the C1 code
correction.
The interleave in the L format is shown in Fig. 2. In this
L format, the C2 code has a code length of 128 symbols, and 128
symbols of Cl codes are interleaved. When an error is corrected
by using a total parity symbol with the CZ_codé, an error in 12
Y, sgmbols in the C2 code can be corrected. This corresponds to 12
-Cl_codes so that burst errors in 1632 symbols can be corrected.
The interleave by the S format with respect to this point is
shown in Fig. 3. The Cl code is completely the same as the L
format. The C2 code has a code length of 128 symbols like the L
format. The C2 code is interleaved that.can be folded with the
43rd Cl code. The constraint length thereof is one third of the

L format. When it is possible to correct an error in 12 symbols
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constituted as shown in Fig.- 10. A signal read out fromthe disc 107 passes
through an RF anplifier 201 to be detected and separated into a sync and
format 1D with a sync/format ID detecting and separating circuit 202. Then
the signal is differentiated to determ ne whether the signal is in the L
format or in the S format. Then a format differentiation signal is sent to
‘a menory controller 206 on the rear columm. The data deprived 23

in the C2 code like the L format, the burst error'in four
portions'of the Cl code, namely 544'symbols_can be corrected.
The redundancy in this format is 14.7% as. compared witﬁ 25%
in the CD. In addition, in the CD, the coées'01 and C2 have a
parity numbe; of four symbols. However, in this format; the
codes Cl and CZIhave-a parity number of 8_symbolé and 12 symbols
respéctively. Since'the codes are so-called LDC (Long Distance
Code), tﬁe cérrection éapability can be remarkably improved as
compared with the CD. | |
A sector structure in'this format is shown in Fig. 4.
Eighteen Cl codes donstitute one sector. A data portion
excluding a parity comprises 2088 symbols. Out of 2088 symbols,
the frame ID comprises 18 symbols, the sector head coﬁprises 18
symbols, an error detection code (EDC) comprises 4 symbols. The
' remaining 2048 symbols.constitute actual data. In other words,
when one symbol comprises one byte, one sector comprises 2k
bytes. Numbers are recorded in the framé ID in an order bf 0, 1,
N 2, ..; , 17 from the head frame of fhe sector. - This is'repeated
for each of the sectors.

A case will be describéd in which odd-numbered symbol is
delayed at the encoding time so that an arrangement of symbols in
the C2 code series,éf the digital'éignal in this embodiment does
not agree with a symbol_érrangement on the'disc. Fig. 5 (A)
shows a relafion émong tﬁe Cl.code series, the C2 code series and

data actually recorded on the dise according to the present
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of the sync and the format 1D at the sync/format I D detecting and
separating circuit 202 is denmpdul ated-with the EFM denodul ati on circuit 203
and is incorporated into the nmenory 204. The nenory controller 206 detects
whet her the data is in the L format or in the S format with the fornat
differentiation signal output fromthe sync/format |1D detecting and
separating circuit 202. In accordance with the detection, the nmenory
controller 206 controls the witing and readi ng addresses of the nenory.
The data incorporated into the nmenory 204 is rearranged into an order of Cl
codes embodimesrit. t Matra drr arearbrime dihieo horiizomitial? @ rebidon i amidte ctias!

- code is then witten into the

Cl code is corrected. Like the aforementioned Fig. 19, the C1

code order is designated by SYmbol "i", a symbol order in the C1
code is designated by symbol "j", and a symbol on the disc is
designated by "Dk". The symbols "i" and "j" are repreéented in

the following equation:

(K/ 136) + (k mod.2)

e
]

(&8
il

68 « (k mod 2) + ((k mod 136)/2) ceeses (2)
More specifically, odd-numbered stbdl in which "k" is an
even number is arranged in the first half of the C1 dode whereas
even-numbé;ed sﬁmboi in which "k" is an odd number is arfahged in
the latter half of the subsequent Cl code. 1In éuch a delay, tﬁe
data order on the disc does not agree with the data order of the
C2 code so that the effect of the burst error can be minimized.
Such a delay can be éctualized by providing a delay portion 306
\~  shown in Fig. 8 that will be described later. .In this example,
.symbols are arranged by dividing into two the Cl code. However
the division is not limited to two part division7 For example,
fhe code may be divided into four parts as ‘shown in Fig, 6. In

such a case, "i" and "j" are represented in the following

equations:

i = (k/136) + (k mod 2)

17



menory. 204 agai n. The code that has been subjected to the Cl code
correction is read out in the order of C2 code. The code is further
corrected with the error correction circuit 205 in the same nmanner and is
witten into the nmenory 204 again. The data that has been subjected to the
error correction is output fromthe menory 204. These controls are
performed by the nenory controller 206. Subsequently, counterneasures

agai nst a case in which consecutive nunber frames are lost in a burst error .
wi || be explained. Wien the code after the Cl1 code correction is witten

I nto the negoery3204, (kheodr de + (&t mbde 1863d49f t he code.i.s.. (3)

In such an qperation, it is possible to arrange the
structure so that the data'grder on the disc does not agree with
the C2 code order.
| " Furthermore, in Fig. 5 (A), odd-numbered symbol is delayed,
but even-numbered symbol may be delayed. Relations among the Cl
code series, the C2 code series and data actually recorded on the .
disc is such that is shown in Fig. 5 (B).

When odd-numbered symbol is delayed, as shown in Fig. 5 (A),
a portion remainé in which adjacent symbols in the C2 code series
agree with an arrangement of symbols on the disc (for example,
D270 and D271). In the case of Fig.'5 (B) in which even-numbered
symbol is'delayed, no such phenomenon is generated with the
‘result that the error cofrection capability can be improved.
Indidentaily, with reépect to a case shown in Fig. 5 (B), (i, 3j)
can be sﬁown in the following equation:

A

-
I

(k/ 136) - (kmod 2) + 1

(SN
L]

68 « (k mod 2) + ((k mod 136)/2) ceeees (4)

(2) Digital Signal Encoding Apparatus and Digital Signal
Decoding Apparatus
"There will be described an embodiment of a digital signal

encoding apparatus for realizing a method for encoding the
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output to the nenory controller 206. The nenory controller 206 nonitors the
continuity of the frame ID. Fig. 11 shows how the code after the Cl code
correction is witten into the nmenory 204. 24 A frame having 1 as the
frame IDis referred to as frane 1 hereinafter. Suppose that franmes 4, 5,
6, and 7 are witten into the nenory and then the subsequent four franes

are lost in the burst error so that the Cl code cannot be corrected and the
same -

aforementioned digital signal and an embodiment of a digital

. signal decoding apparatus which corresponds to_the digital signal
encoding apparatus. In the beginning, a structure of the digital
signal encoding apparatus according to the present invention is
shown in Fig. 7. This digital signal encoding apparatus selects
either the L format or the S format with a format*switchiﬁg
signal. Data to which the fraﬁe ID is added to the head of the
frame is input to input the.forﬁat;

An input signal is input to a memory 101 in the beginning.
Either Cl code or C2 code is sent to.an error correction circuit
102 in fhis order and an error cd?rection code is added thereto
and is written into the memory 101 again.. Then the code is sent
to an EFM modulation circuit 104. The generation of a writing
address and a reading address in-these memories is controlled in
accordance'with the format selected wiﬁh the format éwitching
signal by the memory control portidn 103._

Fig. 8 shows a case in which input data is processed with

s the memory 101 and the error correction circuit 102 in the case
of the L format of Fig. 5 (A). The input data is processed in
such a manner that 116 symbols from a0 t;_alls ére collected in
one group. In the beginning, even-numbered symbol is delayed by
one code 1en§th at fhe_delay'pqrtion 301. Then the symbols are
interleaved with-an interleaver 302lso that the symbols are
rearranged in an ordei of the C2 code shown in Fig. 2,-and a C2

correction parity is calculated and added at the C2 code encoding
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Cl code can be corrected again with the frame 12. Here, when the frane 12
Is witten inmmedi ately ‘after the frane 4 on the nenory 204, C2 code is
suspended for 4 synbols so that the code cannot be corrected. To prevent
it, the follow ng counterneasures is provided. That is, when a difference’
i s cal cul ated between the frane 7 inmmediately before the burst error and
the frame 12 immedi ately after the burst error, it is possible to detect
that the | ost nunber of frames is 4 franes. The frame |ID surrounded by a

br acket imlﬁ .qﬁg_represents the lost franmes in the burst error. Then four
frame ﬁﬁFﬁdﬁﬁg ‘a nenory area is provided so the

Then after the symbois are brought back to the original
order with a deinerleaver 304, and the Cl correction parity is
calculated and.added at the Cl code encoding portion 305,_odd-
numbered sfmbol ig delayed at thg delay portion 306. After that,
only correction symbol parities of Cl and C2 codés are inverted
at the inverter 307 so that 136 symbols from bO to b 135 are
output. The symbols are recorded on the disc 107 in an order of
b0, bl, b2, .... 1Incidentally, the L format in Fig.5(B) can be
realized by providing the delay'portion 306 on the side of bl,
b3, bs «oees bl33, bl35 instead of providing the Qame portion 306
on the side of b0, b2, b4 .,.. bl32, bl34 in Fig. 8.

Fig. 9 shows a case of the S for@at like the aforeméntioned
case. The case shown in Fig. 9 is different from the
aforementioned case of the L format only in an interleaver 402 -

. and a deinterieaver 404. A delay portion 401 has the same

structure as the delay portion 301. A C2 code encoding portion
A\ 403 has the same structure as the C2 code encoding portion 303.

A Cl code encoding pbrtion 405 has thé same structure as the Cl

code encoding portion 305. A.delay portion 406 has the same.

structure as the deléy portion 506. An inVertér 407 has the same

structure as-fhe inverter 307. A delay quantity g(x) of the

interleaver 402 and a delay quantity f£(x) of the deinterleaver

403 are represented in the following equations.
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frame 12 will be witten fromthe 5th frame. Wth such an operation, four

synbol s error can be generated and corrected on the C2 code. In this

manner, the nmenory controller 20 constantly nonitors the frame ID to
appropriately switch the address to which the Cl code is witten so that
the C2 code can.be corrected even if several frames are lost in the burst
error. Fig. 12 shows a process in which data in the L' format shown in Fig.

5 (A) is processed at .the nmenory 204 and the error correction circuit 205.

Wth respect to the input data, 136 synmbols frombO to bl35 are processed

as one group(x)n=t Hemogd 43 .

' g(x) = 42 - £(127 - x) ceeees (5)
This provides a C2 code order as shown in Fig. 3.
- The data sent from the memory 101 to the EFM modulation
‘ circuit 104 is EFM modulated and the sync and the format ID of
the selected format are added in the subsequent sync/format ID
adding circuit 105. Then the data is sent to a cutting device
106 so that the disc 107 is manufactured.'_

Since the digital signal encoding method in the present
embodiment is based on an assumption that the digital signal is
used for recording and reproducing computer data, and compressed
data or the like, it is considered that a portion where an error
éannot be corrected is not extended to a wide scope when an error
cannot be corrected. The C2 code is added via an interleaver so
that data is recorded on a disc 107 in the original data order,
namely in the order of a0 to all5. After that the data is
brought back to the 6riginal order with the deinterleaver.

\_+ - Furthermore, a delay portion 301 is provided so that the delay
quantity of the even number symbol becomes equal to the quantity
of the odd number symboi. _

The embodiment will be explained with respect to Fig. 8.
The symbqllaO is delayed by 127 frames with the interleaver 302,
and then is further delayed by one frame with the delay portion
306. Therefore, when the symbol a0 is output as b0,  the data

_ order is delayed by a total of 128 (= 127 + 1)-frames; Further;
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begi nning, Cl and C2 parities are inverted with the inverter 501 and

even- nunbered synbol is delayed by a length of one code at the del ay
portion 502. After that, the Cl code is corrected at the Cl code decoding
portion 503, and is interleaved with the interleaver 504. Then the C2 code
s corrected at the C2 code decodi ng portion 505. After this the code is
deinterleaved with the dei'nterl eaver 506. Then odd- nunbered synbol is

del ayed by a |l ength of one code

the data order a2 is delayed by 126 frames with the interleaver
302, and then is further-deiayed bf one frame with the
deinterleaver 304. The same symbol is still further delayed by
one frame with the delay portion 306. Therefore, when the symbol
a2 is output as b2, the symbol is'delayed by a total of 128 (=-
126 + 1-+ 1) frames. The séme thing holds of other symbols such
as a4, a6, ... ... all2, and a114. The delay quantity of the
odd-numbéred symbol represented by an even numbér in Fig. 8 is
128 frame in respective cases. |

On the other hand, the even-numbered symbol represented by
an odd number in the Fig. 8 is delayed as follows. When the
delay portion 301 is not provided, the symbol al is delayed by 57
frames with the interleaver 302. The symbol al is further
de;ayed by 70 frames with the deinterleaver 304. Consequently,
when the symbol al is output.as b5, the same symbol is delayed by
a total of 127 (= 57 +.70) frames. Further, the symbol a3 is
delayed by- 56 frames with the interleaver 302. The symbol a3 is
N delayed by 71 frames with the deinterleaver 304." Consequently,‘

when the symbol a3 is output as b7, the same symbol is-délayed‘by

a total of 127 (= 56 + 71) frames. The same thing holds true of

other symbols such aS'as( a7 ... ... all3, and alls. .Tﬁe deiay

quantity of even-numbered symbol is 127 frames in respective

caseé. . . ’

The difference_in the delay quantity between the odd-

numbered symbol and even-numbered symbol is one frame. To absorb
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with the delay portion 507 to provide outputs aOto all5. Here the
interl eaver 504 is the sane as the interleaver 302, and the deinterl eaver
506 is the sane as the deinterleaver 304. InC|dentaIIy, the L format shown
in Fig. 5 (B) can be realized by providing the delay portion 502 on the
side of bO b2, b4 ... ... bl82 and b134 instead of providing tha sane
portion on the side of bl, b3, b5 ... ... bl133 and b135 in the Fig. 12.
Fig. 13 shows a case of the S format in the sane manner as the :
af orementi oned case. The S format is different fromthe L format only in
t he |ntblSedebaY6QuaanthhetUeldeéaYeaoetléﬁGBOIhES|previdedﬁOlwhenthhe
- sane-as the inverter 501. The del ay
delay portion is constituted in such a manner the orlglnal data
order agrees with the data order-recorded.on the disc. Thus, an
expansion of the portion that cannot be corrected can be
prevented in comparison with the case that the original data
order is shuffled like the CD.

However, the delay portion 301 may not be provided. In this
case, the data order recorded on the disc agrees with the data
brder of the Cl code series. Altﬁough the data order recorded on
the disc does not agree with the original'data order completely,
the original data order is maintained to a certain degree in
comparison with the case that the original data order is shuffled
like the CD. Thus, the expansion of the portion that cannot be
corrected can be prevented. Incidentally it goes without saying
that a delay portion 507 is not provided on the side of a decoder
whén the delay portion 301 is not provided on the side of an
encoder.

o On the other hand, the digital'signal decoding apparatus is
constituted as shown in Fig. 10. A signal read out from the disc

107 passes through an RF amplifier 201 to be detected and

separated into a sync and format ID with a sync/format ID

detecting and separating circuit 202. Then the signal is

differentiated to determine whether the signal is in the L format

or in the S format. Then a format differentiation signal is sent

to a memory controller 206 on the rear column. The data deprived
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portion 602 is the sane as the'delay portion 502. The Cl code decodi ng
portion 603 is the sane as the Cl code decoding portion 503. The C2 code
decodi ng portion 605 is the sane as. the C2 code decodi ng portion 505. The
del ay portion 607 is the same as the delay portion 507. In addition, the
delay quantity g(x) of the interleaver 604 is the sane as the counterpart
of the interleaver 26 402. The delay quantity f(x) of the deinterleaver
606 is the ' .
| of the sync and the format ID at the sync/format ID detecting and
separating circuit 202 is demodulatea-with fhe EFM.demodulation
circﬁit 203 énd is incorporated into the memory 204.

The memory controller 206 detects whether the data is in the
L formét.or in the-S format with the format differentiation
signal output from the sync/formaf ID detecting and separating
circuit 202. In accordéncé with the detection, the memory
controller 206 controls the writing and reading addresses of the
memory. The déta incorporated into the memory 204 is rearranged
into an order of Cl codes and is sent to an error correction
circuit 205.. Then the corrected code is then written into the
membry 204 again. The code that haé-been subjected to the Cl
code.corréétion is read out in the order:of C2 code. The code is
further‘correcéed-with the error correction circuit 205 in the
same manner and is written into the meﬁory 204 again. The data
that has been_subjécted to the error 6orrgction ié outpuf from.
the memory 204. These controls are performed by the memory
s -controller 206. |

Subsequently, countérmeasureé against a case in wﬁich

consecutive number frames are_lost in a burst error will be

explained. When the code.after thé'Cl code correction is written

info the memory 204, the frame ID at the head of thé code is

output to the memory controller 206. The memory controller 206

monitors the contihuity of- the frame ID. Fig. 11 shows how the

code after the Cl code correction is written into the memory 204.
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sane as the counterpart of the deinterleaver 404. Incidentally, the process’
at each of the delay portions and interleavers shown in Figs. 8 and 9 can
actual Iy be realized when the nenory controller 103 controls the witing
address, the reading address, the witing timng and the reading tim ng of
the nenory 101. In the same manner, the process at each of the del ay
portions and deinterleavers shown in Figs. 12 and 13 can actually be
realized when the nmenory controller 206 controls the witing address, the
readi ng address, the witing tinming and the reading timng of the nmenory
204, Fbrfenaﬁphav1nbeﬂ dst £hBOfrbRe DB is. re€éproddced asoframe di sc 107 |s
respectively stored in a position

hereinafter.  Suppose that frames 4, 5, 6, and 7 are written into
the memory and then the subsequent four frames are lost in the
burst error so that the Cl code cannot be corrected and the same

Cl code can be corrected again with the frame 12.

Here, when the frame 12 is written immediately after the
frame 4 on the memory 204, C2 code is-sﬁspended for 4 symbols so
that the code cannot be corrected. To prevent it, the following
countermeasures .is provided. That is, when a difference is
calculated between the frame 7 immediately before the burst error
and the frame 12 immediately after the burst errof, it is
possible to detect that the lost number of frames is 4 frames.

‘The "frame ID surrounded by a bracket in Fig. 11 represents the
lost frames in the burst error.

Then four frame portions of a memory area is provided so the
frame 12 will be written from the 5th frame. With such an
operation, four symbols error can be generated and corrécted on
N the C2 code. In this manner, the memory controller 20 constantly

monitors the frame ID to appropriately switch the address to

which the Cl code is written so that the C2 code can.be corrected

even if several frames are lost in the burst error.

Fig. 12 showé a process inlwhich data in the L format shown
in Fig. 5 (A) is processed at-the mémory 204 and the error _

correction circuit 205. With respect to the input data, 136

symbols from b0 to bl35 are,processed as one group. In thel
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whi-ch_ corresponds to (i, j) shown in Fig. 5 (A) as the witing address of
the nmenory and is subsequently read out in the horizontal direction, nanely
when data D136, D138 ... ... D270, D, D3 ... ... D133 and D135 whisch
.corresponds to i=1 is read out, even-nunbered synbol in the delay portion
502 of Fig. 12 is delay processed. In addition, the switching of the L
format and the S format can be realized by switching the control nethod of
the nenory controller 103 and the nenory controller 206. In the above
structure, error correction capabilities can be remarkably inproved wth
r espedteginningy; s@toandr €2rpaniitiés suvesinvertvedbyithctbhesingertercbtia
| ength and the error
and even-numbered symbol is delayed by a length of one code at
the delay portion 502. After‘that, the Cl code is corrected at
the Cl1 code decoding portion 503, and is interleaved with.the
~interleaver 504. Then the C2 code is corrected at the C2 code
decoding portion 505.
After this the code is deinterleaved.with the deinterleaver
506. Then odd-numbered symbol is delayed by a length of one code
with the delay portion 507 to. provide outputs a0 to all5. Here
- the -interleaver 504 is the same as the interleaver 302, and the
deinterleaver 506 is the same as the deinterleaver 304.
Incidentally, the L format shown in Fig. 5 (B) can be realized by
providing the delay portion 502 on the side of b0, b2, bd ... ...
bl132 and bl34 instead of providing the same portion on the side
. of bl, b3, b5 ... ... bl33 and bl35 in the Fig. 12.
Fig. 13 shows a case of the S format in the same manner as
the aforementioned case. The S format is different from the L
N format only in the interleaver 604 and the deinterleaver 606.

' The inverter 601 is the same.as the inverter 501. The delay
portion 602 is the same as the delay portion 502. The Cl code
decoding portion 603 is the same as the Ci code decoding portion
503. The C2 code decoding portion 605 is the same as the C2 code
decoding portion 505. The delay portion 607 is the same as. the
delay portion 507. In addition, the delay quantity g(x) of the

interleaver 604 is the same as the counterpart of the interleaver
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correction parity nunber and l'engthening the interleave constraint |ength
as conpared with the CD standard. Further, the 27 quantity of data that
can be recorded actually can be increased by reducing the redundancy as

- conpared with the CD standard. Thus, when the digital signal is encoded and
decoded by adding an error correction code, the error correction
capabilities can be inproved and the redundancy can be reduced with a

si npl e

402. The delay quantity f(x) of the deinterleaver 606 is the

éame as the counterpart_of the déinterleaver 404.

Incidentally, the process at each of the delay pbrtioné and
.interleaveré shown in Figs. 8 and 9 can actually be realized when
the mémory controller 103 controls the writing address, the
reading address, the writing timing and the feading timing of the
memory 101: In thelsame manner, the process at each of the delay
portiohs and deinterleavers shown in Figs. 12 and 13 can actually

~ be realized when the memory controller 206 controls the writing
address, the réading address, the writing timing and the‘feading
timing of the memory 204. For example, %hen data DO, D2, D3 ...

. reproduced from the disc 107 is respectively stored in a position
which corresponds to (i, j) shown in Fig. 5 (A) as the writing
address of the memory and is subsequently read out in the
horizontal direction, namely when data_D136, D138 ;.. ... D270,
D1, D3 ... ... D133 and D135 which corresponds to i=1 is read

~out, even-numbered symbol'in the delay portion 502 of Fig. 12 is

. delay processed. In addition, the switching of the L format and
the S formgt can be realized by switching the control method of
the memory controller 103 and the memory controller 206.

In the above strﬁcture, error cérrection capabilities can be
remarkably improved with respect to the random error and the
burst errbr by increasing_the code length and the error
correction parity number and lengthening the interleave

constraint length as compared with the CD standard. Further, the
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structure. Further, in the aforementioned structure, formats having the
sanme code | ength and the sanme error correction parity number and different
interl eave constraint length are prepared so that those formats are
differentiated with the format 1 D. Consequently, the aforenentioned
structure can correspond to a plurality of formats w thout conplicating the
encodi ng apparatus and the decodi ng apparatus. Wth the differentiation
with the format ID, a plurality of formats can be m xed on one disc and can
be recorded and reproduced. Further, in the aforenentioned structure, the
del ay ogeamtiyy of data that can be recorded actually can be increased

by reducing the redundancy as compared with the CD standard.

‘Thus, when the digital'sigﬁal is encoded and decoded by adding an
error correction code, the errOr correction capabilities can be
improved and the redundancy can be reduced with a simple.

structure.

Further, in the aforementioned structure, formats having the
same code length and the same error correction parity number and
different interleave constraint length are prepared so that those
formats are differentiated with the format ID. Consequently, the
aforementioned structure can correspond to a piurality'of formats
without complicating the encoding apparatus and the decoding
_apparatus; With the differentiation with the format ID, a
plurality of formats can be mixed on.one disc and can be recorded
‘and reproduced.

Further, in the aforementioned structure, the delay quantity
of the odd-numbered symbol and even-numbered symbol are devised
— so that the C2 code order does not agree with rhe'data order on

the disc thereby preventing the worsening of the burst error

correcting capabilities. Further, by adding the frame ID, when
consecutive several frames are lost in the burst error, the

number of frames can be accurately detected so that an error in

the C2 code can be corrected without any trouble.

(3) Other Embodiments
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of the odd-nunbered synbol and even-nunbered synbol -are devised so that the
C2 code order does not agree wth the data order on the disc thereby
preventing the worsening of the burst error correcting capabilities.
Further, by adding the frame I D, when consecutive several frames are | ost
in the burst error,” the nunber of frames can be accurately detected so that
an error in the C2 code can be corrected without any trouble. (3) Oher
Enbodi nent s, 28 : _
In the aforementioned embodimehts, the‘length of Cl code,
namely one frame length is set to 136 symbols, and C1 parity and
C2 parity are set to 8 symbols and 12 symbols respectively. The
‘interleave constraint length is set to 128 symbols. However, one
frame length, the parity_length and the interleave constraint
length are not limited thereto. Those length can be selected in
accordance with the necessary. For example, even if the
interleave constraint length of the S format is the half length
N of the counterpart of the L format, the same effect as the
aforementioned.embodiments. Further, Cl parity is arranged at
the end of the code and C2 parity is arranged at the center of
the code in the aforementioned embodiments, but the arrangements

are not limited thereto. The parities can be arranged everywhere
of the code.

For example, in the.L fermet, the length of C1 code, namely
one frame length may be set to 170 symbols, and Cl parity and the
C2 parity may be set to 8 s&mbols and 14 symbols respectively.
The interleave constraipt length ean be set to 138'fremes. Tﬁe
cl parity end the C2 parity can be arrenged at the'end of the
code.
| ' Furthermore, in the aforementioned embodiment, the L format
and the S format can be seiected. A format ID for
differentiating the selected format is pro;ided, but the L format
and the S format can independenfly_exist. So a format in which

either of the two is adopted at the outset is included in the
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In the af orementi oned enbodi nents, the length of Cl1 code, nanely one frane
|l ength is set to 136 synbols, and Cl parity and C2 parity are set to 8
symbol s and 12 synbol s respectively. The interleave constraint length is
set to 128 synbols. However, one frane length, the parity I ength and the
interleave constraint length are not limted thereto. Those |ength can be
sel ected in accordance with the necessary. For exanple, even if the
interleave constraint length of the S format is the half tength of the
counterpart of the L format, the sane effect as the aforenentioned :
enbodi geppe. otutbﬁepreeenpamvsmtsoapramgeddentally. the format ID is

not required in this case.
In the aforementioned embodiment, there is. described a case
'in which the format ID is added to one bit following the sync.
The arrangement of the format ID is not limited thereto. For
example, the format ID may be provided inside of the sector head.
Further, the frame ID is set so that the frame ID is repeated
cyclically in'a unit of one sector. Instead of this, the frame
\—  ID can be repeated cyclically in a unit of several sectors.
Alternatively, frames, for example, from O to 255 can be repeated
irrespective of sectors.
In the aforementioned embodiment, there ie deecribed a case
in which a readfonly opticai diso such as a compact disc or the
-1like is presupposed as a recording medium of a digital signal.
‘The present invention is not limited thereto. The present
invention is preferably applied to digital signal encoding method
and apparatus, a digital signal recording medium and digital
signal decOding‘method and apparatus which use a writable medium
such as magneto-optical'discs, magnetic discs, or magnetic tapes.
As described above, the present invention provides digital
signal encoding method and apparatus, a digital signal recording
medium, and d1gita1 s1gnal decoding method and apparatus which
are capable of 1mproving error correction capabilities w1th
respect to random errors and burst errors and reducing the

redundancy as compared with the CD standard to increase the
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the end of the code and C2 parity is arranged at the center of the code in
t he af orenmenti oned enbodi nents, but the arrangenents are not limted,
thereto. The parities can be arranged everywhere of the code. For exanpl e,
inthe L format, the length of Cl code, nanely one frame | ength may be set
to 170 synbols, and Cl parity and the C2 parity may be set to 8 synbols and
14 synbol s respectively. The interleave constraint |ength can be set to 138 -
frames. The Cl1 parity and the . C2 parity can be arranged at the end of the
code. Furthernore, in the aforenentioned enbodinent, the L format -
quantity of data that can be actually recorded by increasing the
code length and the error correction parity number and
lengthening the interleave constraint length as compared with the
CD standard.

Furthermore, the present invention provides digital signal
encoding'method and apparatus, a digital signal recording medium, -
and digital signal decoding methbd and apparatus which are
capable of corresponding to a plurality of formats without
complicating the encoding apparatus and the decoding apparatus by
preparing formats having the same code length and correction o
parity nuﬁber, and different interleave constraint length,
differentiating the formats with the fofmat ID and which are
capable of mixing a plurality of formats into one medium to be
recorded and feproduced by differentiating the formats with the
format ID.

Furthermore, in accordance with the present invention, the
burst error correcting capabilities are prevented from getting
o worse by arranging the apparatus so that the C2 code order does

not agree with the data order on the disc by devising an odd

number delay quantity. Furthermore, in accordance with the
present invention, there is provided digital signal encoding
method and apparatus, a digital signal recording medium and
digital signal decoding method and apparatus which are capable of

detecting the number of frames and correcting an error in the C2

code without any trouble even when several consecutive frames are
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and the S format can be selected. Aformat ID for differentiating the
selected format is provided, but the L format and the S format can

i ndependently exist. So a format in which either of the two is adopted at
the outset is included in the 29 scope of the present invention.

I ncidentally, the format IDis not required in this case. In the

af orenenti oned enbodi nent, there is described a case

lost in the burst error by adding the frame ID.

Industrial Apblicability

The digital encoding method and épparétus of the.present
invention can be used for a DVD (digital video disc) reéording
apparatus. In addition, the digital gignal decoding method and
apparatus of the present invention can be used.for the DVD
reproducing apparatus. Further, the digital recording medium of

the present invention can be used as the DVD.
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"in which the format 1D is added to-omebirt—fottowng—the sync. The

arrangenent of the format IDis notkid For exanple, the

format |1 D nay be provided inside ofL ﬂﬁl g @E “I Further, the frame ID
is set so that the frane IDis repe cCy sy« n a i o) iy r
Instead of this, the frane I D can be repeated cyclically ﬁ%h%° X i BEEN

several sectors. Alternatively, frames, for exanple, frgmoQ fj&%ig_gthui_

repeated irrespective of sectors. In the af orenent i oned enbodi ment, there

i s described a case in which a read-only optical disc such as a conpact

disc or the like is presupposed as a recordi ng nediumof a digital signal.
: ' ' CLAIMS

1. A digital sighal encoding,method_for encoding a digital
signal by adding an error correction code thereto, said methdd
~.comprising the steps of: '
addiné to an input digital signal a first parity obtained by
using at least a first code series of the input -digital signal;
adding to said input digital signal a second parity obtéined
by using a second code series which corresponds to a plurality of
sfmbols-taken oﬁt from said plurality.of adjacent first code
series by shifting fhe symbols by one symbol; and
arranging said input digital signal to which said first and
said second parity are added so that an arrangément-of said
second code series symbols does not agree-with the arrangemént of
symbols on a recording medium, ) |
2. The digital signal encoding method according to claim i
AL .wherein : ;

a code iength of said first and second code series,_said
first parity, said second parity and an intefleave constraint
length are respectively longer than the compact disc standard.

3. Tﬁe digital signal encoding method according to dlaim 1
wherein |

said second code series excludes a folding with respect to a

predetermined number of said first code series.
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The present invention is not limted thereto. The presenL_Ln¥enLLgn—+s———
preferably applied to digital signal encoding nethod and iﬁ aratus

digital signal recording mediumand digital signal dec um “ﬁ“" PI“"

appar at us which use a witabl e nmedi um such as nagnet o-
magneti c di scs, or magnetic tapes. As described above, the present _
I nvention prOV|des digital signal encoding nethod and apparatus, a digital

signal recording nmedium and digital signal decoding nmethod and apparatus
whi ch are capabl e of inproving error correction capabilities with respect
to ranﬂon1eTﬁ@r@lgﬁﬁaﬁussgnéirGﬂ@odhagrm&@bpdgapﬁ@rﬂéagnaang}aasldonpared

with the CD standard to i ncrease the
‘wherein

said second code séries includes a folding with respect to a '
predetermined number of said first code series.
5. The digital signal encoding method according to claim 1
Qherein:

one format is selected from a plurality qf fofmats having

the same code length and the parity number and different

s interleave constraint length; and
identification information for identifying éaid selected
format is encoded. |
6. The digital signal encoding method according to claim 1
wherein |
an identification number is added to.said ééﬁh of first code
series. | |
7. A digital signal éncoding apparatus for encoding a digital
signal by adding an error correction code thereto, séid apparatus
" comprising:

means for adding to an input dlgltal signal a first parity
obtained by using at least a first code series of the input
digital sighal;

means for adding to said input digitél signal a second
parity obtained by using a second code seriés which corresponds
to a plurality of symbols taken out from said plurality of

adjacent first code series by shifting the symbols by one symbbl;
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| ength and the error correction parlhﬁﬁnunber and | engt heni ng the

i nterl eave constraint |ength as u |H r“ Ne CD standard. Furthernore,
the present invention provides coding met hod and

30 quant | ty Of dat a that can_ he actuall ;I !‘nnnr{ied by | ncreasi ng the Code

apparatus, a digital signal recordlng fre lum and di gi-t-al--si-gnat-deecadng
nmet hod and apparatus which are 4 THIS GiacE T AS BEEN l
n REPLACED
and '

‘means for arranging said input digital signal to which said
first and second parities are added so that an arrangement of
symbols in said second code‘series does not agree with an
arrangement of symbols on a recording medium.

8. The digital signal encoding apparatus according to claim 7
wherein

a code length of said first and second code series, said
first parity, said second parity and an intefleave constraint
1éngth are respectively_longér than the compact disc standard.
9. The digital sighal encoding apparatus according to claim 7

wherein

said second code series includes a folding with respect to a

predetermined number of said first ASde series.
1b. The digitai signal encoding apparatus %ccording to claim 7
wherein

said second code series excludes a folding with respect to a

predetermined number of said first code series.

11. The digital signal ehcoding appératus accordiﬁg'to claim 7
wherein _

the apparatus has means for encoding.identificé;ipn
informatibn for identifying the format selected from a plurality
of formats having the same code length and the correction parity

and different interleave constraint length.

12. The digital signal encoding apparatus according to claim 7

35
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capabl e of corresponding to a plurality of formats wi thout conplicating the
encodi ng apparat'us and the dec01 preparlng formats havi ng

t he sane code | ength and correct ,"mﬂmil@ a di fferent | nterl eave
constraint length, * differentiatin or sTats _ L[

whi ch are capable of mixing a pIurallty of fornats | 0 ONGyyd dgﬁ%ﬁﬁﬁMo
recorded and reproduced by differentiating the formt ' Tormat D
Furthernore, in accordance with the present invention, the burst error

correcting capabilities are prevented fromgetting worse by arranging the
appar awhereant hat the C2 code order does

the apparatus has means for adding an identification number
to said each first code series rssﬁectively.
13. A digital signai recording medium in which encoding digital
signal encoded by adding an error correction cods is recorded,
said encdding digital signal is generated by; adding to an input
'digita; signal a first parity obtained by using at least a first

code series of the input digitél signal;-

~ adding to said input digital signal a second parity obtained
by using a second code series which corresponds to a plurality of
symbols taken out from said plurality of adjacent first code
series by shifting the'symbols-by one symbol; and
arranging said input digital signal to which said first and
said second parity are added so that an arrangement of said
second code series symbols dses not agree with the arrangement of
symbols on said digital signsl recording medium.
14. The digital signal recording medium according to claim 13
\_ wherein

the code length of said first code series, said first
parity, sald second parlty and the interleave constralnt length
_ are respectively longer than the compact disc standard.
15; The digital signal recording medium acsofding to claim 13
wherein
sald second code series excludes a folding with respect to a

predetermined number of said first code series. -

i



not agree with the data or I'SC deV|5|ng an odd nunber delay
quantity. Furthernore, in ac present invention, there is
provi ded digital signal enco mmm gﬂmppara Tqi :
recordi ng medi um and digital signalt decosi ng net holji ] '

capabl e .of detecting the nunber of frames and corr
code wi thout any trouble even when several consecut:

16. The digital signal recording medium according to claim 13
whérein |
said second code series includes a folding with respect to a
prgdetermined number qf said first code series. |
17. The digital signal recording medium according to claim'lé
wherein
identification information is recorded for differentiating a
- format selected from a plurality of formats having the same code
length and correction parity and a different interleave

constraint length.

18. The digital signal recording medium according to claim 13

wherein
an identification number is added to each of-said.first code

series.
~19. A digital signal dedoding method for decoding an encdding

digital signal generated-by gdding to an input digital signal a

first parity obtained by using at least'a first code series of
N\ the input digital signal, adding to saiﬁ input digital signal a
second parity obtained by using a second code series which
co#responds to a plurality of symbols taken out from said
plurality of adjacent first code series by shifting the symbols
by one symbél, and'arranging the said input digital signal to
which said fiist and second parities are added so that an
arrangement of symbols of said second 6ode series does not agree

with an arrangement of symbols on the recording medium, said
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lost in the burst error by adding the frame IDlndustrial Applicability
The digital encoding nethod and apparatus of the present invention can be
used for a DVD (digital video di ﬁ“‘ mnmm ‘WHMar at us. I n addition, 'the
digital signal decoding nethod a he pre Tnv%ﬁ¥?¥#ti&&b
be used for the DVD reproducing apparatus Further the % frebeEGFEg.z
medi um of the present invention can be used as the DvD. EPLAGED

e il

method comprising the steps of:

rearranging an encoding digital signal supplied from said
transmission channel;

subjecting said rearranged encoding digital signal to a
first error correction in a directien of said first code series
by using said first parity; and |

subjecting said rearranged encoding digital signal to a
second error correction in a direction of said second code series
by using said second parity;
20. The digital signal decoding method adcording to claim 19
wherein

the code length of said first and second cede series, said
first parity, said second perity and the interleave constraint
length is longer than thelcompact disc standard respectively.

. 21. The digital signai decoding method according to claim 19

wherein '

said eecond code series excludes a folding with respect to a
predetermined number of said first code series.
22. The digital signal decoding method according to cla;m 19
wherein

said second code series includes a folding with respect.to a
predétefmined number of said fifst code-serieé. |
23. The digital signal decoding method according to claim 19.

wherein

identification information is detected for differentiating a

____________~________
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addi ng an error correction code thereto sald net od conprising the steps

o goodmg o an toput ool ol YN AN =r L, oA e,

digital signal a second parity obt‘ai fied by using a secfind_codePigdtims whijch
corresponds to a plurality of synbols taken out from said prurarr
adj acent first code series by shifting the synbols by one synbol; and

format selected from a plurality of formats having the same code
length and parity number and different interleave cdnstraint
length, and error correction process is controlled on the ba51s
of sald 1dentiflcat10n information.
24. The digltal signal decoding method according to claim 19
wherein
an identification number added to said first code series
respectively is aetected'and-an error correction process is
controlled on the basis of said identifiéation number.
25. A digital signal decodin§ apparatus for decoding an encoding
digital signal generated by adding to an input digital signal a
first parity obtainéd by dsing_at least a first code series of
the input digital signal, adding to said input digital signal a
second parity obtained by using a second code series which
corresponds to a plurality of symbols taken out from said
plurality of adjacent first code series by shifting the symbols
. by one symbol, and arranging said input digital signal to which
" said first and second parities are addéd so that an arrangement
of symbols of said second code series does not agree with an
arrangément 6f symbols on the recording medium, said apparatus
comprising:
means for rearrahging an encoding digital signal supplied
.from said transmission channel; |
| . means for subjecting said rearranging encoding digital
signal to a first error correction in a direction of said first
ﬁ 39
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arraying said input digital signal to which said first and said second
parity are added so that an arr ”mlu" Im M| code series synbols does
not agree with the arrays of sy ng nediun1 2. The

di gital signal encodi ng nethod accor |ng to cf a|n11 ~a,¢qde—r gmh
of said first and second code series, said first pari jU“S Séta gg‘-ﬂhty
and an interleave constraint |ength are respectively |longer tﬁéﬁﬁr

conpact disc standard. 3. The digital signal encoding met hod accordlng to
cIa|n11 erein
gh series by using said first parity; - and

means for subjeéting said rearranged encodihg digital signal-.
to a second error qorrection in a direction of said second code
series by using said second parity. _
26. The digital signal decoding appaiatué according to claim.25
wherein |

the code length of saidlfirst and second code series, said

first parity, said second parity and the interleave constraint

length are respectively longer than the compacf disc standara.
27. The digital signal decodihg apparatus according to claim 25
wherein

said-second code series excludes a foldiﬁg with respect to a
predetermined number of said first code series..
28. The digital signal decoding appafatus according to claim 25
wherein

said second code series includes a folding with respect to a
predetermined number of ‘said first éode seriés.

s 29. The éigital signal decoding apparatus according to claim 25

comprising'

means for detectlng identification informatlon for
differentiating a format selected from a plurality of formats
having the same code léngth and the parity numhér,and a different
interleave constraint length; and

means for coﬁtrolling an error correction pfocess on the

basis'of said identificétion information.

This Sheet Has Been Rep laced




[—
sai d second code series excludes a folding mnth re pect to.a predeterm ned
nunmber of said first code series. ﬁm\lmn‘“mnmtuﬂﬁgl tal signal encoding.
nmet hod according to claim1l wherei e q@FFES‘rﬂU a.,
folding with respect to a predetern*ed nbrmb®r of sai dj fiF#SEH g Eaf?les'
5. The digital signal encoding nmethod according to lalm

30. The digital signal decoding apparatus according to claim 25
comprising:

means for detecting an identification number added
respectively to said fifst'code series; and

means for controllingﬁan error correction process on the

basis of said identification number.

_____‘____~_~_*__~__
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wherein: one format is selected froma plurality of formats having the sane
code fength and the parity nunber and different interleave constraint
| ength; and identification information for identifying said selected format

I s encoded. 6. The digital signal encoding nmethod according to claim1

wherein an identification nunber is added to said each of first code

series. 7. A digital signal encoding apparatus for encoding a digital
ABSTRACT

. The preseﬁt invéntion provides.digital signal encoding
method and -apparatus, a digital signal recording medium, and
digifal signal.decoding method and apparatus which improve error
correcting capabilities and reduce redundancy with a simple
structure when the digifal signal is encoded and decoded by
adding an error correcfion code. By'increasing the code length,
the correction parity number, and'the_interleave constraint
length more than the compact disc standard when the digital
signal is encoded by adding an error correction code, the
.redundancy can be reduced and the size of data that can be |

recorded can be increased.
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signal by adding an error correction code thereto, said apparatus
conprising: neans for adding to an input digital signal a first parity
obt ai ned by using at least a first code series of the input digital signal;
means for adding to said input digital]sjpnal a second parity obtained by
usi ng a second code series which corresponds to a plurality of synbols

- taken out fromsaid plurality of adjacent first code series by shifting the
synbol s by one synbol; 34

FORMAT (D G2 PARITY: Gl PARITY
SYNC { ~ DATA g DATA ;
ﬁ__Lé -< { < { —
1 58 12 ' 58 8
>~ >

7
FRAME 1D 136 SYMBOLS

g L FIG. 1
FORMAT 1D B
Gl CODE ¥
SYNC T 1
= f . <—
0123--——>j --127128 - 135
0 @)
1 O
2 O
3 O
\— .
~ 1 | ¢l -
B PARITY
i ,\\\\;\ .
! C2 CODE .()
' . . S O
127 ' O

FIG. 2



and neans for arraying said input digital signal - to which said first and

second parities.are added so that an array of synbols.in said second code
series does not agree with an array of synbols on a recordi ng nedi um
8. The digirtal signal encodingzqggaratus according to claim7 wherein a
code length of said first and second code series, said first parity, said
second parity.and an interl eave constraint '

— 19
o -
: o -
' a
Q —
N o
N
—{
I
I
A\
Nap])
(&)
LL
o
W
a
o
S
N —
N (oo} .
I
I [ ]
e
™ @)
~ O
2 | <0
— o
= o O
Ev—-
S )
bl
&
=
>—
%)
¥
oHam --- QGG

)



| ength are respectively |longer than the conpact disc standard. 9. The -
digital signal encodi ng apparatus. accordi.ng to. claim7 wherein said second
code series includes a folding with respect to a predeterm ned nunber of
said first code series. 10. The digital signal encodi ng apparatus according
to claim7 wherein said second code ggries excludes a folding with respect
to a predeterm ned nunber of said first code series. 11. The digital

si gnal encodi ng apparatus according to claim7 wherein
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t he apparatus has means for encoding-.identification information for

i dentifying the format selected-froma plurality of formats having the sane
and the correction parity and different
The digital signa

code length

| ength. 12.
wherei n the
(A)
9 (B)

C1 CODE 136 SYMBOLS

i nterl eave constraint
encodi ng apparatus according to claim?7 35
apparatus has nmeans for addi ngl/A¥ i dentification nunber
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to said each first code series respectively; 13. A digital signa

recordi ng nmediumin which encoding digital signal encoded by adding an
error correction code is recorded, said encoding digital signal is
generated by; adding to an input digital signal a first parity obtained by

using at least a first code
sai'd input digital signal a
series which corresponds to
plurality of adjacent first

series ofoAL2E input digital signal; adding to
second parity obtained by using-a second code
a plurality of synbols taken out from said
code series by shifting the synbols by one

synbol ; and arraying said input digifal signal to which said first and
. . b7 ook !
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said second parity are added so that an "array of said second code
series synbols does not agree with the array of synbols on said digital
signal recording medium 14. The digital signal recordi ng nmedi um accordi ng
to claim 13 wherein the code Il ength of said first code series, said first -
parity, said second parity andslﬁg knterl eave constraint l-ength are
respectively longer than the conpact disc standard. 15. The digital signal
recordi ng medi um according to claim 13 wherein said second code series
excludes a folding with respect to a
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predet erm ned nunber of said first code series. 36 16. The digital
signal recording nedium according to claim 13 wherein said second code
series includes a folding with respect to a predeterm ned nunber of said
first code series. 17. The digital §|/§r}.al recordi ng nedi um according to
claim 13 wherein
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identification information is recorded for differentiating a format
selected froma plurality of formats having the sane, code | ength and
correction parity and a different interleave constraint |ength. 18. The
digital signal recording medi um accogding to claim 13 wherein an

i dentification number is added to each of said first code series. 19. A
.digital signal decoding nmethod for decoding an encodi ng digital signal
generated by adding to an input digital signal a first parity obtained by
using at least a first code series of
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the input digital signal,. adding to said input digital signal a second
parity obtained by using a second code series which corresponds to a
plurality of symbols taken-out fromsaid plurality of adjacent first code
series by shifting the synbols by one synbol, and arraying the said input
digital signal to which said firgt]and second parities are added so that an
array - of synbols of said second code series does not agree with an
array of synmbols on the recording nedium said 37
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met hod conprising the steps of: re-arraying an encoding-digital signal
supplied fromsaid transm ssion channel; subjecting said re-arrayed .
encoding digital signal to a first error correction in a direction of said
first code series by using said f'é? 7parity; and subjecting said
re-arrayed encoding digital signal“10 a second error correction in a
direction of said second code series by using said second parity. 20. The
digital signal decoding nmethod according to claim19
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wherein the code length of said first and second code series, said first
parity, said second parity and the interleave constraint length is |onger
t han the conpact disc standard respectively. 21. The digital signal
decodi ng nmet hod according to Clm:iﬂf) erein said second code series
excludes a folding with respect t % edet erm ned nunber of said first
code series. 22. The digital signal decoding method according to claim 19
wher ei n sai d second code series ineludes a folding with respect to a
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predet erm ned nunber of said first code series. 23. The digital signal
decodi ng net hod according to claim 19 wherein identification information is
~detected for differentiating a 38 format selected froma plurality of
formats having the sane code | ength.and, parity nunber and different

I nterl eave constraint |ength, and'errbz/Eerthion process is controlled on
t he basis ' ‘

| 32 BYTES |
T
1 12 4 12 4
< : et f o
DATA DATA
’ 1 J ]
SUBCODE C2 PARITY C1 PARITY
FRANE |
SYNCHRONIZATION SIGNAL |
N ;
FIG. 14 -
1 32 BYTES
' LT S0
—\s1
'\/ &
. = DATA | DATA
>
4 N A ) )
/ ! 1 !
SUBCODE C2 PARITY ©1 PARITY

FRAME |
SYNCHRONIZATION SIGNAL

FIG. 15



of said identification information. 24. The digital signal decoding nethod
according to claim 19 wherein an identification nunber added to said first
code series respectively is detected and an error correction process is
controlled on the.basis of said identification nunber. 25. A digital

si gnal decodi ng apparatus for decoding an encoding digital signal generated
by adding to an input digital sig®A17a first parityobtai ned by using at .

| east a first code series of the input digital signal, adding to said input
digital signal a second parity obtained by using a second code series which.
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corresponds to a plurality of synbol's taken out fromsaid plurality of
~adjacent first code series by shifting the synbols by one synbol, and
arraying said input digital signal to which'said first and second parities
are added so that an array of synbols ﬁﬂ‘ } d second code series does not
agree with an array of synbols o 4t recordi ng nmedium said
apparatus conprising: nmeans for re-arraying an encoding digital signal
supplied fromsaid t%ansm' si on c& nnel ; neans fog_subjeciing sajd
re-arrayed encodi ng j 'gi.t% signaketo a f €4 st erréﬁ corr%,él.ion “n a
di rection of sai fzi / _/ /
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39 code series by using said first parity; and nmeans for subjecting said
re-arrayed encoding digital signal to a second error correction in a
direction of said second code series by using said second parity. 26. The
digital signal decoding appargat us accgr?ing to claim25 wherein the code

| ength of said first and second code of1és, said
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first parity, said second parity and the interleave constraint |length are
 respectively longer than the conpact disc.standard. 27. The digital si gnal
decodi ng apparatus according to .claim25 wherein said second code series
excludes a folding with respect to a predeterm ned nunber of said first
code series. 28. The digital signal dd&%ﬂﬁhg appar atus according to claim
25 wherein said second code series includes a folding with respect to a
predét ermi ned nunber of said first code series. 29. The digital signal
decodi'ng apparatus according to claim25 '
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conprising: neans for detecting identification information for
differentiating a format selected froma plurality of formats having the
sanme code length and the parity nunber and a different interl eave
constraint length; and neans for controlling an error correction process
the basis of said identification information. 40

17/17
DESCRIPTION OF REFERENCE NUMERALS .

l1... CIRC encoding circuit, 2... sﬁbcode adding circuit, 3,
104... EFM modulation circuit, 4... frame synchroﬁization signal
adding circuit; 5, 106... cuttiﬂg device, 6, 107... disc, 7,

' 201... ﬁF amplifier, 8.f. frame synchronization signal detecting
and separating circuit, 9, 203... EFM demodulating circuit, 10...
subcode detecting and séparating circuit, 11... CIRC decoding
circuit; 21;.. even number saﬁplé delay circuit,_zz...'scramble
circuit, 23,-303, 403... C2 codé encoding portion, 24, 302, 402,
504, 604... interleaver, 25, 305, 405....01 code ghcoding
portion, 26... odd number symbol delay circuit, 27, 32, 307, 407,
501, 601... inverter, 3l1... even number symbol delay ciréuit, 33,
503, 603... Cl code decoding portion, 34, 304, 404, 506, 606..-
deinterleaver, 35, 505, 605... C2 code decoding portion, 36;..

K,/ descramble cifcuit, 37... odd number sample delay circuit, 101,
204... memory, 102; 205... error cprrgcting circuit, 103, 206...

memory controller, 105.;. syné/format ID adding.circuit, 202...

syﬁc/format ID detecting and Separating circuit, 301, 306, 401,

406, 502, 507, 602, 607... delay portion.
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30. The digital signal decoding apparatus according to claim25
conprising: weans for..detecting an identification nurber add respectively
to said first cQde series; and neans for controlllng an ?f rrection
process on the basis of said identification number.
si gnal encodi ng nethod for encoding a dlgltal si gnal by addfng gn error
correction code thereto, wherein C code is divided into '
synbol s at odd nunber or even nunber on a recording nmedi um i delayed in
conparison with the other remained synbol and set in order at the position
of said divided Cl .code so that
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t he ald gnment of synbols on the recording mediumis differed fromthe
aldigniment of synbols of second code order. 41
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CLAIMS

1. A digital signal encoding method for encoding a digital
signal by adding an error correction code thereto, said method

{'\
comprising the steps of:

adding to an input digital signal a first parity obtained by
using at least a first code series of the input digital signal; _

adding to said input digital signal a second parity obtained
by using a second code series which corresponds to a plurality of
symbols taken out from éaid plurality of adjacent first code
series by shifting the symbols by one symbol; and

arraying : said input digital signal to which said first and
said second parity are added so that an | array - - of said
second gode series symbols does not agfee with the - array. . ©Of
symbols on a recording medium. _
2. l The digital signal encoding method according to claim 1
wherein

a code lehgth of said first and-second.code éeries, said
'first parity, said second parity and én interleave constraint
length are respectively longer than the compact disc standard.

3. The digital signal encoding method according to claim 1

wherein

said second code series excludes a folding with respect to.a

predetermined number of said first code series.
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and .

means for arraying. said input digitéf gignal to which said
first and second parities are added so that an ‘array z of
symbols in said second code series does not agree with an
-'ar;ay .. of symbols on a recording medium.
8. The digital signal encoding apparatus according to claim 7
wherein |

a code length of said first and second code series, said
first parity, said second parity and an interleave constraint
.1ength are respectively longer than the compact disc standafd.
g. The digital signal encoding apparatus according to claim 7
wherein .

said second code series includes a‘folding'with respect to a
predetermined number of said first code series. _
10. The digital signal encoding apparatus according to claim 7 '
wherein '

said second code'serigs excludes a-folding with respect to a

predetermined number of said first code series.

11. _The'digital signal encoding apparatus according to claim 7

wherein
the apparatus has means for encoding identification
information for identifying the format selected from a_plurality

of formats having the same code length and the correction parity

and different interleave constraint length.

12. The digitél Signal encoding apparatus according to claim 7
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wherein y

the apparatus has means for adding an identification number
to said each first code series respectively.
13. A digitallsignal recording medium in which encoding digital
signal encoded by adding an error correction code is recorded,
said encoding digital signal is generated by: addieg to an input
digital signal a first parity obtained by using at least a first
code series of the input digital'signel;

adding to said input digital signal a second parity obtained
by using.a second code series which.corresponds to a plurality of -
symbols taken out from said plurality of adjacent first code
series by shifting the symbols by one symbol; and

;arrayihg; said ihput digital signal to which said first and
said second parity are added so that an - array ;. of said
second code series symbols does not agree‘with the array ... of
syﬁbols on said digital signal recording medium.

'~ 14. The digital signal recording medium according to claim 13

. wherein

the code length of said.first code seriee, sald first
parity, said second parity and the interleave constraint length
are respectively longer than the eompaet disc standard.
15. The digitel signal recording medium according to claim 13
wherein '

said second code series excludes a folding with respect to a

predetermined number of said first code series.
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16. The digital signal recording medium aécording to claim 13

wherein

said second code series includes a folding with respect to a

'predetermined number of said first code series.

17. The digital'signal recording medium according to claim 13

wherein

identification information is recorded for differentiating a
format selected from a plurality of formats having ‘the same code
length and correction parity and a different 1nter1eave

constraint length

18. The digital signal recdrding medium according to claim 13

wherein

an identification numbe; is added to eéch of said first code

series. |
19. A digital signal decoding method fof'dequing an encoding
digital signal generatedlby adding to an input digital signal a
first parity obtained by uéing at 1éast_a first code series of
the input digital signal, adding to said input digital signal a
second parity obtained by using a second code serieé which
corrésponds to a plurality of symbols faken out from said
plurality of adjacent first codé series by shifting the symbols
..by one symbol, and arraylng the said input digital signal to
which said first and second parities are added so that an

array -  of symbols 6f said second code series does not agree

with an array.. - of symbols on the recording medium, said
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method comﬁrising the steps of: .

re-arraying : an encoding digital signal'supplied from said

transmission channel; |

subjecting said re-arrayed encoding digital signal to a
first error correction in a direction of said first code series
by using éaid first parity; and

subjécting said re-arrayed encoding digital signal to a
second error correction in a direction of -said sécond code series
by using said second parity.

20. The digital signal decoding mefhod according to clai@ 19
wherein |

the code length of said first and second code series, said
fifst parity, said second parity and the interleave constraint
'1ength is longer than the compact_disé standard respectively.
21, The digital signal decoding method according to claim 19
wherein | |

said second code series excludeé a folding with respect to_a
predetermined number of said first code series.
22. The digital signal decoding method according to claim.lé
wherein

said second code series includes é folding with respect to a
predetermined number of said first code series.
_23. The'digital signal decoding method according to claim 19

wherein

identification information is detected for differentiating a
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format selected from a plurality of formace having the same code
" length and parity number and different inferleave constraint
length, and error correction process is coptrolled on the basis
of saidlidentification information.
24. The digital signal decoding method according to claim 19
wherein |

.an identification number added to said first code series
respectively is detected and an error correction process is
ccntrolled on the_basis‘of said identification number.
25. A digital signal decodiné apparatus for decoding an encoding
digitai signal generated by adding to an input digital signal a
first parity obtained by using at least a first code series of
the input digital signal, adding to said input digital sighal a
second parity obfained by using a second code series which
. corresponds to a plurality of sfmbols taken out from said
plurality of adjacent first code series.by_shifting the symbols
by one symbol, and arraying: said input digital signal to whicﬁ
said first and second parities are added so that an array
of symbols of said second code series does not agree with an
array .:% cf symbols.on the recording medium, said apparatus
comprising: | |

.means for re-arraying an encoding digital signai supplied
from said transmission channel; | |

means for subjecting said re-arrayed . encoding digital

signal to a first error correction in a direction of said first
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code series by using said first parity; and
. . i
means for subjecting said re-arrayed encoding digital signal
to a second error correction in a direction of said second code

series by uSing said second parity.

26. The digital signal decoding apparatus according to claim 25

wherein

the code length of said first and second code series, said
first parity, said second parity and fhe‘interieave constraint
length are respectively longer than the compact disc standard.
27. The digitél signal decoding apparatus according to claim 25

wherein

said second code series excludes a folding with respect to a

predetermined number of said first code series.
28. The digital signal decoding apparatus acéording to claim 25
wherein ' |

- said second.code series includes a folding with respect to a

predetermined number of "said first code series.

29. The digital signal éecoding apparatus according to claim 25
comprising: | '

means for detecting identification information for
differentiating a format selected from a plﬁrality of formats
haviﬁg the same code length and the parity number and a different

interleave constraint length; and

means for controlling an error correction procéss on the

basis of said identification information.
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30. The digital signal decoding apparatus‘according to claim 25'
comprising: |

.means for detecting an identification number added
respectivély to said first code series; and
| means fof controlling an error correction prodess on the.

basis of said identification number. '

31. The digital signal encoding method for encoding a digital signal by
‘adding an error correction code thereto, wherein |

C1 code is divided into plural, one of symbols at odd number or
even number on a recording- medijum is delayed in comparison with the other
remained symbol and set in order at the position of said divided C1 code so that

the alignment of symbols on the recording medium is differed from .the
alignment of symbols of second code order.

41



