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1 MEPRD FOR RECORDI NG ( SENDING) / REPRABUCI NG ( RECEI VI NG DATRISMeBIAThS
THEREOF, AND DATA RECORDI NG MEDI UM BACKGROUND OF THE | NVENTI i'e éoia‘f t he
| nvention The present invention relates to a nethod for
recordi ng/ reproduci ng (sending/receiving) data as a nodification of a CD
(conpact disc) or the Iike, an apparatus thereof, and a data record nmedi um
t hereof. Description of the Related Art IAudio CDS (CD-DAs) that digitally
and optically record audio signals are well known. A CD-DA has a dianeter
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audi o data record region of the CD-DA have been standardi zed. The CD- ROV
"are read-only record nmedi ums. For the CD-RCNB the samne
recordi ng/ reproduci ng proc alﬁr~uﬁ1sh~“ﬂ PV A
ot her mords L al .data §hat

are perforned. In

The present invention relates to a method for
recordlng/reproduCLng (sending/receiving) data as a
modification of a CD (compact disc) or the llkE, an
apparatus thereof, and a data record medium thereof.
Descripti f the Rel { Art

Audio CDS (CD-DAs) that digitally and
optically record audio signals are well known. K CD-DA
hes a diameter of for example 12 cm and a storage
capacity of 600 MB or more. . Thus,.the CD-DAs can be
used for external record mediums for computers as well
as audio units. |

CD—ROMs that record digital data other than
audlo data in an audlo data- record region of the CD-DA
have been_standardized. The CD-ROMs are read-only
record mediums. For the‘CD—RdMs, the same

_ recording/reprooqcing processes as those of.the CD-DAs
are performed. In other words, digital data that has
been error-correction-code encoded by the CIRC (Cross
Interleave Reed-Solomon ‘Code) encoding process as a
folding type dual oode encoding process and that has
been modulated by the EFM (Eight to Fourteen
Modulation) method is recorded on the CD-ROMs.

In the folding type duel code encoding
process, 24 symbols (bytes) of 12 words are encoded
with the Reed-Soromon code }CZ code) and thereby a




.
been errqr-correction-code encoded by the CIRC (Cross Interl eave
Reed- Sol onon Code) encodi ng process as a folding type dual code encoding
process and that has been nodul ated by the EFM (Ei ght to Fourteen
Modul ation) nethod is recorded on the CD-ROMVs. In the folding type dual
code encodi ng process, 24 synbols_(byte%% of 12 words are encoded with the
Reed-.Sol onon code (C2 code) and thereby 2 parity of four synbols (Q -
parity) is generated. An interleaving process is perforned foor the data of
28 synbols and the Q parity. The resultant data is encoded with the
Reed- Sol onopacidy ©FL foaue)syanimblishet@hyarippy i iy génépatedynbahs (P parity)
is generated.. A total of 32 synbols that are data of 24 synbols, Qparity
of four synBaiterleayina prsicessuri s peofermegddier stipe cdabaobfod® synbol are
sent as one franme. A sub code is conposed of eight channels P to
symbols and the Q parity. The resultant data is
encoded with the Reed-Solomon code (Cl code) and
thereby a parity of four symbols (P parity) is
generated. A total of 32 symbols that are data of 24
symbols, Q parity of four symbols, P parity of four
symbols, and a sub code of one symbol are sent as.one
frame. -
A sub code is composed of eight channels P to
W. One symbol (one byte) composed of eight bit of the
channels is placed in each frame. One unit is composed
of.sub codes for 98 frames. For example, the channels
P and Q of each sub code are used for detecting the top
position of a program. The other channels are used to
record a still picture and character data. The access
unit of the CD-ROM is 2,352.bytes (= 24 bytes x 98)
‘that are data contained in 98 frames that are the unit
of sub codes. This access unit is also referred to as
a block. However, in the following description, the
access unit is referred to as a sector.
In the interleaving process of the CD-DA, 28
symbols are delayed with an amount that varies by a
unit delay amount one after the other such as 0, D, 2D,
.. and 27D (where D is the unit delay amount, D = .

four frames). Thus, the maximum delay amount is (4 x

27 = 108 frames). A frame is a block of data of 28

wytie
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W One synbol (one byte) conmposed of eight bit of the channels is placed in
each frane. One unit is conposed of sub codes for 98 franes. For exanple,
the channels P and Q of- each sub code are used for detecting the top
posi'tion of a program The other channels are used to record a stil

pi cture and character data. The access unit of the CO-ROMis 2,352 bytes (=
24 bytes x 98) that are data contai ned 3n o8 frames that are the unit of
sub codes. This access unit is also referred to as a bl ock. However, in the
foll owi ng description, the access unit is referred to as a sector. In the

i nt erl eavi ngymbodes theft tdre ErddeR&istirbehes @I ecalid ayatbwy ttheén anount

that varies by a unit delay anmount one after the other such as 0, D, 2D,
., and 27boballerfeape sleargfhumeatvwmsmytzensynboD wiflouthe réedsy. Thus, the

-maxi mum del ay amount is (4 x 27 = 108 franes A frame is a block of data

of 28 3 anevdits afhdt and e duebad twi thetlns pysUNREL 2he

amount (27D) is referred to as the total interleave
length (thus, 4 x 27 + 1 = 109 frames). Consequently,
to coffeét.an error, data of 109 frames should be readi'

The total interleave length defines the
correction performance against.a burst error of which
errors sequentially také place in data due to a finge;
print on the disq, a scratch thereon, and so forth.
The strength of the correction performance against the
burst error is proportional to the total‘interleave
length. Unlike with audio data, computer data cannot
‘be interpolated. Thus, when computer data'is used, the
total interleave length is preferably increased.

In addition, as in the above-described CD-
ROMs, it is defined that one sector is composed of 98
frames. Thus, the size of one sector.does not accord
with the total interleave length. On the other hand,
data is recorded and reproduced, sector by sector.
Consequently, to réwrite or reéd data of one sector,
data of adjacent éectors should be also read. Thus,

data is wastefully accessed.

D E N
Therefore, an object of the present invention

‘is to provide a method for recording/reproducing
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total frame |ength between the symbol with the delay anount of 0 and the
synbol 'wi-th the maxi num del ay anount (27D) is referred to as the total
inter| eave length (thus, 4 x 27 + 1 = 109 frames). Consequently, to correct
an error, data of 109 franes should be read. The total interleave |length
defines the correction performance against a burst error of which errors
sequentially take place in data due to %.finger print on the disc, a
scratch thereon, and so forth. The strength of the correction performance
agai nst the burst error is proportional to the total interleave | ength.

Unli ke with3edliongAtace$9iRY) CHala!l B FCUMICH R HARAIGH Gbrwldss, When
conputer data is used, the total interleave length is preferably increased.

I n addi ti onthaslengtheogbeve- daser bliedubDcodds and tie deftidled that one
sector is conposed of 98 frames. Thus, the size of one sector does not
accord wit hihherletmk lengthedasedeéngeld soOn atshécotimprdwndihedata is
recorded and reproduced, sector by sector. Consequently, to rewite or read
dat a. of onecestecEiotapgrbragnacenvadasitors birel ¢w@mlaiy read. Thus,

data is wastefully accessed.
, thereby preventing data from being wastefully accessed.

The invention of claim 1 is a data recording
apparatus for recording a predetermined number of
frames on a record medium at a time, one frame being
composed of information data and a sub-code
corresponding to the information daté, additional
informétion corresponding to a predetermined number of
frames being composed of a predetermined number of sub-
codes, the data recording apparatus compfising:
interleaving means for interleéﬁinq each of the frames
with an interleave length that is a multiple of the -
predetermined number and forming interleaved frames;
encoding means for encoding the interleaved frémes with
an error encéding code and for forming encoded
interleaved digital data; and recording means for
recbrding the encoded-interleaved frames on the record’
mediumn.

The invention of claiﬁ 2'is a data
reproducing apparatus for reproducing data from a
record medium on which a predetermined number of
encoded interleaved frames have been recorded, the
encoded interleavéd frames being generated by |

interleaving and encoding frames, one frame being



OBJECTS AND SUVMARY OF THE.I NVENTI ON Therefore, an object of the present
invention is to provide a nmethod for recording/reproducing’ 4
(sendi.ng/ recei ving) data of which the relation between the I ength of the
unit” of sub codes and the total interleave length is defined so as to

| nprove the correction performance against a burst error and thereby _
preventing data from being wastefully accessed. The invention of claim1l is
a data recording apparatus for recording a predeterm ned nunber of frames
on a record nediumat a tinme, one franme being conposed of information data
and a sub- c asenpesede ofordi fogrriat itdre datoramd | ansyateodaddi ti onal

I nformati on corresponding to a predeterm ned nunber of franmes being
conposed of conResPonstimndd rihthamifrrabionodata, tadddbianadcor di ng

appar at'us conprising: interleaving means for interleaving each of _the
frames withigfarmadomrerraspanding e 3 poedepeenbredppumber of

frames being composed of a predetermined number of sub-
codes, the data recording.apparatué comprisinq:
reproducing means for reproducing.the encoded -
interleaved frames from the record medium and
outputting the encoded interleaved irames; decoding
means for decoding the encoded interleaved frames so as
to form interleaved frames; and deinterleaving means

for deinterleaving the interleaved ffames with an
interleave length that is a multiple of the
predetermined number and for forming frames.

The invention is claim 3 is a data recording
method fér recording a predetermined humber of frames
on a record medium at a time, one frame being cdmposed
of information data and a sub-code corresponding to the
information data, additional information corresponding

. to a predetermined number of frames being composed of a
predetermined number of sub-cbdes, the data recording ,
method comprising the steps of: interleaving each of
the frames with an interleave length that is a multiple
of the predetermined number and forming interleaved
frames; encoding the interleavéd frames with an error
encoding codé and for forming encoded interleaved
digital data; and recording the encoded interleaved

frames on the record medium.



predet er gi ned nunber and form ng interl eaved frames; encodi ng neans for
encoding the interleaved franes with an error encoding code and for forning
encoded interleaved digital data; and recording neans for recording the
encoded interleaved frames on the record nedium The invention of claim 2
Is a data reproduci ng apparatus for reproducing data froma record nedi um
on whi ch a predeterm ned nunber of encoed interleaved frames have been
recorded, the encoded interleaved franes belng generated by interl eaving

and encodi-ng franes, e franme being, i nposed of information data and
a sub-code correspondlﬁﬁ €t AYFREIAR of Fufi éﬁmdétés &@aG%nal i nformation
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| interleaved frames have béen recorded, the encoded

interleaved frames being generated by intefleaving and
encoding frames, one frame being composed of ‘
information data and a sub-code corresponding to the
information data, additional information corresponding
to a predetermined number of frames being composed of a
predetermined numbgr of sub-codes, the data reproducing
method comprising the steps of: reproducing the encoded
interleaved frames from the record medium and
outputting the encbded interleaved frames; decoding the
encoded interleaved frames so as to form-interleaVed.
frames; and deinterleaving the interleaved frames with
an interleave length that is a multiple of the
predetermined number and for forming frames.

The inventioh of claim 16 is a record medium
for recording two or more units of a predetermined
number of frames on a record medium at a time, one
frame being composed of information data and a sub-code
corresponding to the information data; additional
information correspondlng to a predetermined number of
frames being composed of a predetermlned number of sub-
cédes, each of the frames with an interleave length
that is equal to or smaller than a multiple of the

predetermined number being interleaved so as to form



interfeqved frames fromthe record medi um and out putting the encoded
i nterl eaved frames; decodi ng means for decodi ng the encoded interleaved
frames so as to forminterleaved franmes; and deinterleaving neans for
deinterleaving the interleaved franes with an interleave length that is a
mul tiple of the predeterm ned nunber and for form ng frames. The invention
is claim3 is a data recording method ffor recording a predeterni ned nunber
of frames on a record nmediumat a tine, one frane bei ng conposed of
i nformati on data and a sub-code corresponding to the information data,
addi tional imterheaved feoamespondiendniterd gavedetferamesedeimgber of franes
bei ng conposed of. a predeterim ned nunber of sub-codes, the data recording
met hod conpeiedagdt Wetht apsevtori gheoiddng mpdeade & thse foramdd nGtt h an
interleave length that is a nultiple of the predeterm ned nunrber and
form ng inteRFededdintardeavedc8dgigalndatireibeafdd sty SREEATA h an error
encodi ng code ang for farmn ncoded i nteyl eaved.di italéfat . an
recordi ng tHBtEREBA¥EY %Fé}nﬁgag’@&nﬂr zfr?é’é”if{?qef?él r@(,eog:(fcr?g lﬁ‘}%%l-m“’
each of the frames with an interleave length that is
larger than a multiple of the predetermined number
being interleaved so as to form interleaved frames, the
interleaved frames being encoded with an error encoding
code so as to form second encoded interleaved digital
data, the second encoded interleaved frames being
recorded on the record medium.
The above, and other, objects, features and
~advantage of the present invention will become readily
apparent from the followinq-detailed description
thereof which is to be read in connection-with the

accompanying drawings.

Fig. 1 is a block diagram showing an example
of the structure of a recording side according to an
embodiment of the present invention;

Fig. 2 is a block diagram showing an example
of the structure ofﬁa reproducing side according to an

. embodiment of the present invention;

Figs. 3A and 3B are schematic diagrams for

explaining a CD format according to the present

invention;



6 The invention is claim4 is a data reproduci ng nmethod for reproducing
data froma record nmedi um on which a predeterm ned nunber of encoded
interlgaved franes have been recorded, the encoded interleaved frames being
generated by interleaving and encoding frames, one frane bei ng conposed of

I nformati on data and a sub-code corresponding to the information data,

addi tional information corresponding to & predeternined nunber of franes

bei ng conposed of a * predet ermi ned number of sub-codes, the data
reproduci ng net hod conﬁﬁising_the st eps of: r%SLoduang t he encoded
i nterl eaved franes froftBhe 4r éSordPrheFikufiRgr 38y SHEMNT ath e Wrndditfed

i nterl eaved franmes: .decoding the encoded intesrleaved fr.ames sqQ.as to form
i nterl eaved Pffaﬁez?lgﬁﬁgd@iyﬁleeﬁugivf:ﬁ S FE NS Iaé:éi?é‘”éilf’}gaﬁé)sckﬂet h an
interl eave | . i i_pl.e.of. redet ermi ned nunber and for
form ng frangggBQﬁggﬁkvgﬁt?ggu%%é% gﬁnﬁfénﬁgﬂéﬁ?ecord-nediun1for recordi ng
two or nore units of apyedel §LMNedock diagram showing a detail of

the folding type dual code encoder according to the
embodiment of the present invention; |

Fig. 6 is a block diagram shdwing an outline
df a‘folding type dual code decoder according to the
embodiment of the present invention;

Fig. 7.is a block diagram showing a detail of
the folding type dﬁal code decoder according to the
.embodiment of the present invention;

Fig. 8 is a schematic diagram showing a_data
.structure of a CD-ROM according to the present
invention;

Fig. 9 is a schematic diagram'for explaining
an interleaving process of a cqnventional CD;

| Fig. 10 ié a schematic diagram for explaining
an example of an interleaving process according to the
present invention; |

Fig. 11 is a schematic diagram for explaining .
another example of the interleaving pfocess according
to the present invention; |

Fig. 12 is a bloék diaéram showing an example
of structures of a recording side according to another
embodiment of'the.present invention; and

Fig. 13 is a block diagram showing an example



nunber of .frames on a record nediumat a tinme, one franme being conposed of
I nfoermati on data and a sub-code corresponding to the information data,
additional information corresponding to a predeterm ned nunber of franes
bei ng conposed of a predeterm ned nunber of sub- codes, each of the franes
with an interleave length that is equal to or smaller than a nmultiple of

t he predeterm ned nunber being interl eavéd so as to form 7 interl eaved
frames, the interleaved frames being encoded with an error encodi ng code so
as to formfirst encoded interleaved digital data, the first encoded

i nterl eaved fofarssrixiunes exbraleteprodheingcsidenadcordingchoof the franes
with an interleave length that is larger than a nultiple of the

pr edet er mi ne IR Qé£¢@ﬁm¢ntn¢%aﬁﬁﬂ pveasntoinventianer| eaved franes
the interleaved frames being encoded with an error encoding code so as to
form second encoded interleaved digital data, the second encoded

i nterl eaved frames. bei ng
D] [ L,

Next, an embodiment of the present %nvention

will be deséribed; Fig. 1 shows the structure of a

. recording side according to an embodiment of the
present invention. In Fig. 1, a disc 1 can record
data. More practically, the disc 1 is a master disc
for use with a CD-ROM mastering system, a read-once
type CD (CD-WO), an erasable CD (CD-E), or the like.
As an example, .in this embodiment, a CD-ROM mastering
system will be considered.

Data to be recbrded (referred to as record
data) is supblied from a host computer 2 to a CD-ROM
formatting cirquitz4 through an interface 3. The
formatting circuit 4 formats digital data as the record
data corresponding to a CD-ROM format. As the CD-ROM
format, mode 0, 1, 2, or the like is used. '

The output data of the CD-ROM formatting
circuit 4 is supplied to a CD format encoder 5 (denoted
by a dot-lined box in the drawing). The encoder 5 is
composed of a RAM 6, an interleaving circuit 7, a P

parity, Q parity generating circuit 8, and an EFM
modulating circuit 9 so as to generate feéord data in
-the same format as that of a CD-DA. As will be

described later, the RAM 6, the interleaving cifcuit 7,



recorded .on the record nedium The above, and other, objects, features and
advant age of the present invention will becone readily apparent fromthe
followi ng detail ed description-thereof which is to be read in connection

wi th the acconpanyi ng drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is
a bl ock diagram showi ng an exanple of the structure of a recording side
accordi ng to an enbodi nent of the presel invention; Fig. 2 is a block

di agram showi ng an exanpl e of the structure of a reproduci ng side according
to an enbodi nent of the present invention; Figs. 3A and 3B are schematic

di agr ans forngkiihsel Fanty A@@erenatdingoziorciit 8 ppehEopmeae@iRCnventi on;

8 Fig. 4 is a block diagramshow ng an outline of a folding type dual code
encoder acc@pﬁgﬁ}qg)gqggess. The interleaving process is _

performed by controlling a write address and a read
address of data to/from the RAM 6. The record data is
supplied from the EFM modulating circuit 9 to an
optical pickup 10 through a drive circuit (not shown).
The optical pickup 10 records data on the disc 1 that
is rotated by a SPindle motor 11 at CLV (Constant
Linear Velocity). 1In addition, a system controller 12
is disposed. The system controller 12 controls the
formatting circuit 4, the CD format encoder 5, the
optical pickup IQ,.and the spindle motdr 11.

With the disc 1 as a master disc, a CD-ROM is
produced by the same_duplicating process as that of a
CD. Fig. 2 shows a structure for reproducing this CD-
ROM. In Fig. 2, refereﬁcé numeral 21 is the CD-ROM. A'
spindle motor 22 rotates the CD-ROM 21 at CLV. An
optical pickup 23 reads data of the CD-ROM 21. A servo
circuit 24 is disposed for controlling the optical
pickup 23. The servo circuit 24 includes a. focus servo
that controls the focus of.the optical pickup, a
tracking servo that controls the tracking thereof, and
a positioning servo that controls the radius position
of the disc.

Data that was reproduced (hereinéfter
referred to as reproduction data) is supplied from the

optical pickup 23 to an EFM demodulating circuit 26 of
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enbodi nent of the present invention; Fig. 5 is a blrock diagram show ng a
det.ai|l "of the folding type dual code encoder according to the enbodi nent of
the present invention; Fig. 6 is a block diagram showi ng an outline of a
fol ding type dual code decoder according to the enbodi ment of the present
Invention; Fig. 7 is a block diagram showi ng a detail of the folding type -
dual code decoder according to the embott ment .of the present invention;
Fig. 8 is a schematic diagram showing a data structure of a CD ROM
according to the present invention; Fig. 9 is a schematic diagram for
expl ai ni ng anCPnfernatviagogdeocass (denatedh\banta aodl-1GMed-ibpx I i s a
schematic di agram for explaining an exanple of an interl eaving process
accordi ng tbhehdraviraht | AvERVi eantrodling icd rewidhaatiisc disiesad f or

expl ai ni ng anot her exanple of the interleaving process, according to the
pr esent |nv§9¥|6ﬂntFPbllﬁg theaEEMo srmeididadihngh Gt dn 4Bcanp

CLV controlling circuit 27 controls a spindle motor 22
so that it rotates at CLV. The output data of‘the EFM
demodulating circuit 26 is supplied to a deinterleaving
and interpolating'circuit.28. In association with the
deinterleaving and interpolating circuit 28, a RAM 29
and an error coirecfing circuit 30 are dispoSed. As
will be described later, the deinterleaving ﬁrocess is
the reverse process of the interleaving process that is
performed on the recording side. In other words, the
deinterleaving process is a process for canceling a
delay added to each symbol. By controlling a write
address and a read address to/from the RAM 29, the
deinterleaving process is accomplished. The
interpolating process is a process for substituting an
error symbol (that cannot be corrected) with the
average of symbols that just follow and just precede in
the time sequence.

Reproduétion data that has been error
cérrectéd is supplied from the CD decoder 25 to a sync,
header detecting circuit 32 of a CD-ROM deformatting
circuit 31 (denoted by a dot-lined box in the drawing).
The sync, header detecting circuit 32 separates a sync
(sync signal) and a header from each sector of the

record data on the CD-ROM. The circuit 32 performs a
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of structures of a recording side according to another enbodi nent of the
present”invention; and Fig. 13 is a bl ock diagram show ng an_exanpl e 9
of structures of a reproducing side according to another enbodi ment of the
present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED EVMBODI MENTS Next ,
an enbodi rent of the present invention will be described. Fig. 1 shows the
structure of a recording side accordi ngld o an enbodi nent of the present
invention. In Fig. 1, a disc 1 can record data. Mre practically, the disc
1is a nmaster disc for use with a CD-ROM mastering system a read-once type
CD (CD- WD), SeseragddliedCbrocest) that tie th&areversa preegss of nthé s
enbodi nent, a CD-ROM nmastering systemw ||l be considered. Data to be
recorded (refSTRBLiE% P LSS RegtfDrned Qppihe resuriihostdeonputer 2 to

a CO-ROM formatting circuit 4 through an interface 3. The
g fﬁe‘header detecting circuit 32 {g connected

to a RAM controller 34 and an error correction and
system manager 35. The RaM contfoller 34 controls a
write operation and a read operation of the RAM 33.
The efror correction 'and system manager 35 detects an
error for each sector, decodes an error correction
code, and controls the operation of the deformgtting
circuit 31. User data is supﬁlied from the RAM-
controller 34 to a host computer 38 through an
interface 36. Likewise, an address, an error flag, and
so forth are supplied from the error correction and
system manager 35 to the host computer 38 through the
interface 36. 1In addition, a system contrbl;er 37 is
disposed. The system Contrdller 37 controls the CD-ROM
decoder 25 and the CD-ROM deformatting circuit on the
reproducing side. |

| In addition to the recording/reproducing-
apparatus, fhe present invention can be applied for the
case of which data is transmitted to a communication
path. In this case, on the sending sidé, the output
data of the EFM modulating circuit.9iis supplied to a
modem. On_the_receiviﬁg.side, the démodulated output
data of the modem is supplied to the EFM demodulating
circuit 26.

Fig. 3A shows data structure of one frame of



formatting circuit 4 formats digital data as the record data correspondi ng
to a CDOROMformat. As the CD-ROM format, node 0, 1, 2, or the like is
used. The output data of the CO-ROMformatting circuit 4 is supplied to a
CD format encoder 5 (denoted by a dot-lined box in the drawi ng). The
encoder 5 is conposed of a RAM 6, an interleaving circuit 7, a Pparity, Q
parity generating circuit 8, and an EFN@ﬁDduIating circuit 9 so as to
generate record data in the sane fornat as that of a CD-DA As will be
described later, the RAM 6, the. |nterleaV|ng circuit 10 and the

parity generat FRGPRI pEumbighy dater Mas O Rern MY ’W@b&%ed:rh@n
addr ese. of ”EEBEQ_ﬁE%%rL?aaE%ﬁJt%E&E% S o A A T LR e B
TS50 ST LB Ll S5 BARAE, KR it 54 (o
one frame is composed of data b1§s (24 symbols) (of
which audio data is-sampled with 1€ bits; left audio
data and right audio data eaéh being equivaleﬁt to six
samples), a Q parity (four symbolsj, a P parity (four
symbols), and a sub code (one symbol). One symbol is
composed of the half of 16 bits, namely eight_biﬁs.

Each frame recorded on the disc is composed

of:
Frame sync 24 channel bits
Data bit 14 x 24 = 336 channel bits
Sub code . 14 channel bits
Parity - 14 x 8 = 11éichannel bits
Margin bits 3 x 34 = 102 channel bits

Thus, the number of the-total channel bits of
one frame is 588 channel bits. |

The sub code (one symbol) of each frame
includes one bit of each of eight channels P to W. As
shown in Fig. 3B, one sector is composed of data of one

~unit of sub codes (namely, 98 frames). The first twb

sub codes of the 98 frames are sub code frame syncs S:
and Si.

‘Fig. 4 shows an outline of a CIRC encoding
process performed by the CD format encoder 5. Fig. 5

shows a detail of the CIRC encoding process. Figs. 4.
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Is rotated by a spindle notor 11 at CLV (Constant Linear Velocity). In
addition, a systemcontroller 12 is disposed. The systemcontroller 12
controls the formatting circuit 4, the CD format encoder 5, the optical

pi ckup 10, and the spindle notor 11. Wth the disc 1 as a master disc, a
CD-ROM i s produced by the sanme duplicating process as that of a CD. Fig. 2
shows a structure for reproducing this ROM In Fig. 2, reference
nuneral 21 is the CD-ROM A spindle notor 22 rotates the CD-ROM 21 at CLV.
An optical pickup 23 reads data of the CD-ROM 21. A servo circuit 24 is

di sposed foransbm rane ikrehedbpgrams Phekupuegessheedyr shovi sE6PF 24

I ncl udes a focus servo that controls the focus of the optical pickup, a
tracki ng se EnﬁueQEﬁﬁ¥Qﬂsp¥%%e§$ackFﬂgtPﬁe?%%?rlaﬁaoa 8§|Fﬁ8ning servo

h | f h d d
(her of naf 1 orCTRT et RS PESEaa e REPBRSRar 5971 SLORDRLEN: | £5niPhe opt i cal

pickup 23 10, Alfef M ACIPALGE & "Ga €4 " Y1 £ndBaBl. 24 symbols of

which one word of an audlo signal is divided 1nto high
order eight bits and low ‘order eight bits (WnnpA,
Win,B, ..., Wie-11,A, and W12r.+11,B where high order eight
bits are denoted by A and low order eight bits are
denoted by B) are supplied to a two-symbol delaying
circuit/scrambling circuit 41. The two-symbol delaying
process is performed for even-word data Lz, Ren, Lés-z,
Rézs2, ..., and so forth. Thus, even if an error takes
place in all a sequence encoded by a C2 encoder 42, the
error of the sequence can be interpblated; The
scrambling process is performed for obtgining the
maximum burst error inferpolating.length. _

| The output data of the two—syﬁbol'delaying
circuit/scrambling circuit 41 is supplied to the 62
encoder 42. The C2 encoder 42 perfofms a (28, 24, 5)
Reed-Solomon code encoding process on GF(2%) and
generates four Q pari;y symbols Q::z, Qizn-z, Qiz+2, and
Q:zn+3. o |

28 symbols as the output data of the C2

encoder 42 are supplied to an interleaving circuit 43.
The interleaving circuit 43 adds delay amounts 0, D,
2D, ... and so forth (that vary corresponding to the

relation of an arithmetic sequence and that D is a unit



11 a CD fermat decoder 25 (denoted by a dot-lined box in the drawing). A
CLVeontrolling circuit 27 is disposed for-controlling the EFM denodul ati ng
circuit 26. The CLV controlling circuit 27 controls a spindle nmotor 22 so
that it rotates at CLV. The output data of the EFM denodul ating circuit 26
I's supplied to a deinterl eaving and inteEﬁolatlng circuit 28. In
association with the deinterl eaving and % terpolating circuit 28, a RAM 29
and an error correcting circuit 30 are disposed. As will be described

| ater, the delnterleaV|n% process is_the reverse process of the

i nt er| eavi ng Yicte AR & grg okt bua heSymeel 8i $9 8FdEC I n ot her

words, the delnterleaV| rocess iIs rocess cancel i ng ,a del ay added
to each symbdi Rxﬁﬂé%%#%rﬁf%?%wqﬁatﬁﬂd§¥§§° ﬁdt% ?eﬁﬁcaaGréggaVXIfrom

(e FAVI20. e IR L) SR PIAPTE LSLRRE0D!LENEdp BRabgLer poLat 10
corrected) wifi,d he, perage Wﬂ?%fetéaécéa%yf%uPeraﬂlegustTﬂéecede in

the tine sequence.
interleaving circuit 43 disperses a burst error. The

maximum delay amount is 27D (= 108 frames). fhe total
interleave length is 109 frames. As will be.deSCribed
1ater, the total interleave length is allocated to a

- multiple of 98 frames or a value slightly smaller than
the multiple thereof. |

The output data of the interlea&ing circuit
43 ;s supplied to a Cl encoder 44. The Cl encoder 44
performs é'(32;'28, 5) Reed-Solomon code encoding .
process on GF(2°%) and generates four P parity symbols
Pizn, Pi2z-z, Piz:-:;, and Pizzs3. The minimum length of each
of the Cl code and the C2 code is five. Thus, a two-
symbol error can be corrected. In additioh, {(provided
that the positions of error symbols are known), a four-
symboi error can be erased for a correctioh.

32 symbols as the output data of the Cl
encoder 44 are supplied to a one-symbol delaylng
circuit 45. The one-symbol delaylng c1rcu1t 45
separateé adjacent symbols from each other so as to
prevent a two-symbol error due to an error of a symbol
or an erfor at the boundary of adjacent symbols from
'téking place. The Q parity symbols are inverted.
Thus, even if all data symbols and parity symbols
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Repr oduct.i on data that has been error corrected is supplied fromthe CD
decoder 25 to a sync, header detecting circuit 32 of a CD-ROM deformatting
circui,t 31 (denoted by a dot-lined box in the drawing). The sync, header
detecting circuit 32 separates a sync (sync signal) and a header from each
sector .of the record data on the CD-ROM The circuit 32 perforns a 12
descranbling process that is the (ever%@'process of the scranbling process
performed on the recording side. The header detecting circuit 32 is
connected to a RAM controller 34 and an error correction and system manager

35. The RAM KoR4H&! £L&F0 34aR08LE8L ScanMhkt QR Rl .0n and a read operation
of the RAM 33. The error correction and system nanager 35 detects an error

for each sector, decodgsgancéesh8isCahl 8elti1QheCede thand RN deRlcitlye:
operation of the deformatting circuit 31. User data is supplied fromthe
RAM contr ol | pro8dss oparhoshedobputhe 89 ithraadh dedoder 25. Fig. 7
shows a detail of the CIRC decoding process. Figs."G
and 7 are block diagrams that successively show steps
of the decoding procéss. The decoding process is the
reverse process of the encoding process. First,
reprodﬁction data is supplied from an EFM demodulating
circuit 26 to a one-symbol delaying circuit 51. The
one-symbol delaying circuit 51 cancels delays of
symbols added in the one-symbol delaying circuit on the
encoding side. |
32 symbols as the output data of the one-
symbol delaying circuit 51 are supﬁlied to a Cl1 decoder
52. The output data of the Cl decoder 52 is supplied
- to a deinterleaving circuit 53. The deinterleaving
circuit 53 adds delay amounté 27D, 26D, ..., D, and O
(that vary corresponding to the relation of an
arithmetic sequence) to the individual 28 symbols so as
to cancel the delay amounts added by the interleaving
circuit 43.
The output data of the deinterleaving éircuit
53 is supplied to a C2 decoder 54. The C2 decoder 54
'dgcodes the C2 code. 24 symbols as the output data of
the C2 decoder 54 are supplied to a two-symbol delaying
circuit/descrambling circuit 55. The circuit 55

outputs decoded data of 24 symbols. In Fig. 7, an
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Interface 36. Likew se, an address, an error flag, and so forth are
supplied fromthe error correction and system manager 35 to the host
conputer 38 through the interface 36. In addition, a systemcontroller 37

i s di sposed. The systemcontroller 37 controls the CD- ROM decoder 25 and
the CD-ROM deformatting circuit on the reproducing side. In addition to the
recor di ng/ reproduci ng appar at us, the'prégent I nvention can be applied for
the case of which data is transmtted to a. conmmunication path. In this
case, on the sending side, the output data of the EFM nodulating circuit 9

s suppl i ed gprdy PR (ABE! BRoLATCHYUNAG el a{; AP UL ARG @4t put data

of the nodemis supplied to the ul ati circurt . Fig. 3A shows

data structuie @biRperieatRaohs witd datl owhisly dalgpihay R been FFM
nodul ated. On the disc, data that has been EFM nodul ated and a frane

the C2 decoder 54. An interpolation flag generating

circuit 56 generates an interpolation flag with the
error flags supplied ffom the Cl decoder 52 and the C2
decoder 54. With this interpolation flag, data that
represents an.errbr is interpolated. |

In the CD-ROM format, instead of 12 words (24'
symbols) of the above-described audio samples,ldigital
data (computer data, still picture aata, text data, and
so forth) are uied. In the CD-ROM format, one sector
is composed of 98 frames (2,352 bytes) that are one
unit of sub codes. - Fig. 8 shows the data structure of
one sector in for example the mode 1 of the CD-ROM
format. |

At the top of one sector, a synchronous
signal of 12 bftes is placed. Thereafter, a header of
four bytes is placed. The three bytes of the header
represent a sector address (minute, sécond, and
sector).- The remaining bit of the header represents a
mode. The sector address is a valué fhat_has a
predetermined offset against an address contained in
the Q channel of é sub code. The header is followed by
user data of 2,048 bytes. Auxiliary data of 288 bytes
is added to the usef'data of 2,048 bytes. The
auxiliary data is composed pf an erfor detection code

(four bytes) for user data, a space (eight bytes), and



-~ N S T A e

sync has .been added is recorded. As shown in Fig. 3A one frane is
composed of data bits (24 synbols) (of which audio data is sanpled with 16
bits, ,left audio data and right audi o data each being equivalent to six
sanp1es) aQ parity (four synbols), a P parity (four synbols), and a sub
code (one synbol). One synbol is conposed of the half of 16 bits, namely
eight bits. Each frame recorded on thelisc is conmposed of: Frane sync

24 channel bits Data bit : 14 x 24 = 336 channel bits Sub code
14 channel bits Parity 14 x 8 = 112 channel bits Margin bits
3 x 34 = 102 pexite (276 byhes) tfher inbeerodr t¢urtettalomherdel bits of one
frame is 588 channel bits. The sub code (one synbol ) of each frane incl udes
one bit of each of ei §iextohdfielintexleaying rieness ¥ @. fe@ueme sector

i s conposed ofaﬁﬁta of one unit -of sub codes 4nane 98 franes) The first

two sub cod®f $Pe presenyt dipention il bhdee 1 [2% rJheR Si.
in Fig. 9, the total interleave length of each of the

conventional CD-DA format and the conventional‘CD-ROM
format is 109 (= 108 + 1) frames. Thus, in Fig. 9,
data at the sector m is placed as hatched lines. When
the data at the sector m denoted by the hatched lines
is rewrittén, all the Cl sequence at the sector (m + 1)
and part of the Cl sequence at the sector (m + 2) are
affected. 1In addition, all the Cl sequence at the
sector (m - 1f and part of the Cl sequence at the
sector (m - 2) are affected. Thus, when the data at
the sector m is rewritten, the parifies of the Cl1
sequences at. the sectors (m + 1), (m+ 2), (m - 1), and
{m - 2) ;hould be changed.

On the dther band, when data at the sector m
is decoded and then reproduced, part of data at the
sector (m - 2), all aata.at the sector (m - 1), all
data at the sector (m + 1), and part of data at the
sector (m + 2) are required along'with all data at the
sector m. Since the minimum unit of data being
reproducéd'is a sector, daﬁa of five sector should be
read. Thus, sectors that are not required should be
wastefully read.along with a requi:ed sector.

| Fig. 10 shows an example of an interleaving

process according to the present invention. 1In this
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Fig. 4 shows an outline of a CIRC encoding process perfornmed by the CD
format encoder 5. Fig. 5 shows a detail of the CI RC encoding process. Figs.
4 14 and 5 are block diagrans that successively show steps of the
encodi ng process. In the description for the Cl RC encodi ng/ decodi ng
process, for sinplicity, it is assunmed _that audio data is encoded. 24
synbol s of which one word of an audio §§bnal I's divided into high order
eight bits and |l ow order eight bits [err] [err] and [err] where high order
eight bits are d nOtﬁﬂbby A and. | ow order eight bits are_denoted by B) are
suppl i ed t o TR Synbet ERﬁé@n%&F%ﬁ%%%Y?/%% kBl FRgegrRrture 28, The

(o, symool delANAg0 TRERE SRt PR LOloRUER ERGofe Lerr] Lerr), and
o cog RS O oo R PYROER T L aeckae s The
delays that vary by the unit delay amount D to x
individual symbols. Instead, by adding delay amounts
of frames (6, 4, 7,-11, 14, 18, 21, 25, 28, 32, 35, 39,
42, 46, 49, 53, 56, 60, 63, 67, 70, 74, 77, 81, 84, 88,
91, 'and 95) to individual symbols, the total interleave
length becomes equal to 96 frames. In this example,
three frames and four frames are alternately allocated
as the difference of delay amounts betwéen adjacent
symbols.

In the interleaving proceéss shown in Fig. 10,
when one sector n is rewritten, after the sector n is
read untii it is decoded, seétors that are affected are

. only the sectors (n - 1), n, and (n + 1). Thus, the
number of sectors to be accessed can be reduced and
thereby data can be accessed at high speed.

Fig. 11 shows another example of the
interleaving.process according to the present
invention. lIn the example shown in Fig. 11, the unit
. delay amount_D-is allocéted to seveh. In the
interleaving ciréqit 43 shown in Fig. 5; the minimum
delay amoﬁnt_is 0. The maximum delay amount is (27 x 7
= 189 frames). The total delay amount is 190 frarmes. |
The total interleave length is slightly smaller than

twice the unit of sub codes (98 frames).
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maxi mum Qurst error interpolating |length. The output data of the two-synbol
del:aying circuit/scranbling circuit 41 is supplied to the C2 encoder 42.
The C2 encoder 42 perforns a (28, 24, 5) Reed-Sol onon code encodi ng process
on G-(28) and generates four Q parity synmbols [err] and [err]. 28 synbols
as the output data of the C2 encoder 42 are supplied to an interl eaving
circuit 43. The interleaving circuit 42ladds del ay anmounts 0, D, 2D
and so forth (that vary corresponding to the relation of an arithnetic
sequence and that Dis a unit 15 del ay anmount) to the individual synbols
so as to comreidesa,f§ iU SdRYr LorihPe BYOROLFpe OeAcs@ENGUpREERYs | N the
conventional CD-DA format, D is four franmes. Thus, adjacent synbols are
spacéd by faan foeareessiliheadodngl estvedg cIncthé d8ctospeompiediburst error.
The maxi num del ay anount is 27D (= 108 franmes). The total. :

: type interleaving process, diagonal lines that 'connect

C2 code sequences fold back at multiples of 98 frames.
When the maximum delay amouht is smaller than the unit
of sub codes (for example, i96 frames) by nearly the
unit delay amount (for examble, 7 -1 = 6), no folding
deterioration takes place. Thus, the sector completion
type encoding process can be properly performed. 1In

this case, as in 28 x 7 = 196 = 98 x 2, 28 x 14 = 392 =

98 x 4, and 28 x 28 = 784 98 x 8, the relation of

multiples of 98 frames can be accomplished.
In this embodiment, the total interleave

length is allocated to a value slightly smaller than a .
multiple of 98 frames. Howevei, part of the delay

| amounts may be ihc:eased so that the total interleave
length becomes a ﬁultiple éf 98 frames. In addition,
according to.the present invention, data of which the
folding type dual code enCoding process includiné the .
interleaving process with the total interleave lengtﬁ
§f 109 frames has been pefformed as in the conventional
CD-DA format, CD-ROM format, and so forth or datd of
which the folding type dual code encoding process
including the interlea&ing process with the total
interleave length éccording to the present invention
has been performed may'be selected corresponding to the

type of data or the like. Moreover, although the



interleave length is 109 franes. As will be described |ater, the total
interleave length is allocated to a nultiple of 98 franes or a val ue
slight]y smaller than the nmultiple thereof. The output data of the
intefleaving circuit 43 is supplied to a ClL encoder 44. The O encoder 44
perforns a (32, 28, 5) Reed-Sol onon code encodi ng process on [err] and
generates four P parity synbols [err] aﬁﬂ’[err]. The m ni mum | ength of each
of the Cl1 code and the C2 code is five. Thus, a two- synbol error can be
corrected. In addition, (provided that the positions of error synbols are

known), "a four- synbol i righe ciait )€l €4 @HRg ﬁ@é;ésﬁoéhéﬁhiQﬂ-Fﬁg.SYﬂDO|S_aS
the output data of the Cl encoder 44 are supplied to a one-synbol del ayi ng
circuit 45. Wrenmnes\sdmiodal ays newricuen, 4bhseparpbeitadsao€ntheynbol s
fromeach other so as to prevent a two-synbol error due to an error of a
synbol or an @ rendeatsequengamdaly ythd seifberat (Bynbd) s {nom Laki kg pl ace.
The Q parity synbols are inverted. Thus, even if_all data synbol.s and
parity symbol¥l, and (n + 2) should be changed along with that at
the sector n. Likewise, when the data.at the sector n
is decoded, the sectors (n - 2), (n - 1), n, (n + 1),
and (n + 2) are réquired. That is the same as npmberéj
of the sector required for the interleaying process of
the conventional CD-DA and CD-ROM as shown in Fig. 9.
However, the total interleave length is as large as
.190 frames. Thus, the protection against a burst error
can be.enhanced comparing with the conventional method.
In addition, according to the present
invention, an interleaving process can be perfoimed
I with D = 14 or D = 28.. In this case, the total
interleave lengths of these cases are (27 x £4 + 1 =
379 < 98 x 4) and (27 x 28 + 1 = 757 < 98 x 8),
‘respectively. 1In each case, the total interleave
1eﬁgth becomes slightly smaller than a multiple of the
unit of sub codes.
As described above, when the interleaving
process of which the total interleave length is nearl§
a multiple of 98 frames where the multiple is larger
than 2 is pefformed, the correction performance against
a burst error can be improved. In addition, with a

modulo (a multiple of 98) against the delay amount for

the interleaving_process and the deinterleaving



16 becone. zero; an error can be detected. Fig. 6 shows an outline of the

Cl RE decoding process performed by the CD format decoder 25. Fig. 7 shows a
detail. of the Cl RC decodi ng process. Figs. 6 and 7 are bl ock diagrans that
successi vely show steps of .the decoding process. The. decodi ng process is
the reverse process of the encoding'prOE ss. First, reproduction data is
supplied froman EFM denodul ating circuit 26 to a one-synbol del aying
circuit 51. The one-synbol delaying circuit 51 cancels del ays of synbols

dded in th - | del ayi [ it th di i.de. 32 nb

e The out puoIRid ot cSual SduRnERCAEIRN RIOcEReL AT Lot od to a
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may be recorded corresponding to the total interleave
length being selected.

The total interlgave length can be éelected
corfesponding to the record density of the record
medium, the transmission rate of the transmission path,
the type of the reéord data, and so forth. When the

- record density is high,.since the length of a burst
error caused by the same defect on :the record mediﬁm is
long, the total interleave length is preferably long.
On the other hand, when a large amount‘of data is
sequentially accessed as in audio data and picture
data, the conventional interleaving process can be used
without a problem.

' Next, another embodimént of the present
invention will be describrd in detail. Iﬁ the present
invention, data of which two types of interleaving
processes have been performed is present on the same
record medium or on the same transmission path. For
examnple, with a unit of an areé, a track, or a sector,
data of which the two types of interleaving processes
have been performed is present on the same disc.

| Eig. 12 is a block diagram showing the
structure of the recording side of another embodiment

of the present invention. 1In Fig. 12, for simplicity,



to cancel t he del ay anDunts added by the interleaving circuit 43. The

out put data of the deinterleaving circuit 53 is supplied to a C2 decoder
54. The C2 decoder 54 decodes the C2 code. 24 synbols as the output data of
the C2 decoder 54 are supplied to a two-synbol del aying
circuit/descranbling circuit 55. The circuit 55 outputs decoded data of 24
synbols. In Fig. 7, an 17 error flagzenot shown) generated by the C1
decoder 52 is deinterleaved as with data synbols and supplied to the C2

decoder 54. An interpolation flagq generating circuit rates an
i nterpol at i oﬁlf“llg tt”r?é‘ser%q:hquffgsl% uphd i d ?I‘r%rﬁ%'}fg:?fg B¥coder 52 and

the C2 d d th th t ol.at fl dat t
error is int ra@‘i eeter e A, i O R G G (0, ™

symbol s) of (g aligve-descri bed. audlo sanples digital data (conputer dat a,
still picture data, text data, and :

An encoder 65 is composed of a RAM 66, a
first interleaving circuit 67, a second interleaving
circuit 69, a switching circuit 64, a P/Q parity
generating circuit-68, andlan'EFM modulating circuit
70. Thé encoder 65 generates record data in the same
format as the CD-DA.
| The RAM 66, the first interleaving circuit
67, and the parity .generating circuit 68 perform the
above-described CIRC encoding process. The
interleaving process is performed with a first
interleave length by controlling a write address and a
read address of the RAM 66.

Likewise, the RAM 66, the second interleaving
circuit 67, -and the parity generating circuit 68
perform the CIRC encoding process. The interleaving
process is performed.with a second interleave length yy
confrolliné a write address- and a read address of the
RAM 66.

The outputfdata of the first interleaving
circuit 67 or the output data of the second
interleaving circuit 69 is selected by the switching
circuit 64.

An ID that represents one of the first

interleave length and the second interleave length is



so forth), are used. In the CD-ROM format, one sector is conposed of 98
frahes (2,352 bytes) that are one unit of sub codes. Fig. 8 shows the data
struct.ure of one sector in for exanple the node 1 of the CDO-ROM fornat. At
the top of one sector, a synchronous signal of 12 bytes is placed.
Thereafter, a header of four bytes is placed. The three bytes of the header
represent a sector address (m nute, seddnd, and sector). The renaining bit
of the header represents a node. The sector address is a value that has a

det ' ' d tained in the .Q ch | of b
Code.  The nesiEP L85, BPBRIkB) haSE: CaapHEAr 2 Gfs Ty uri ARG ary data of
288 bytes | scagese! ael beruagh $ALAIRECTAR Byl ane Tipguyi|1ary data i
conposed of an error detection code our “byteég) fTor Usér data, a space

gggght byt esformBftingl8iaclaki by LR&6tRY! &stfetl doMR 1Yy A Fection
. In this case, the ID for identifying the
interleave length should be recorded on the tape along
with data. More practicélly,'the ID is recoréed at the
header of each sector of the data structure of the'CD-
ROM. |

The selected output data is EFM.modulated by
the EFM modulating circuit 70 and supplied to the
optical pickup 10.

.Next, with reference to Fig. 13, the
structure of the reproducing side of this embodiment
will be described. For simplicity, in Fig. 12, similar
portions to those in Fig. 2 are denoted by similar
referénce numerals and their description is omitted.

Data reproduced-from an'optiqél pickup 23 is

. supplied to an EFM demodulating circuit 28 of a CD
format decoder 75 denoted by dotted lines of Fig. 13
through a waveform shaping circuit (not shown).

The output data of the EFM demodulatihg
circuit 26 is supplied to a first
deinterleaving/interpqlating circuit 73 and a second
deinterleaving/interpolating circuit 78.

In association with the first deinterleaving/.
interpolating circuit 73 and the second deinterleaving/

iﬁterpolating circuit 78, a RAM 79 and an error



Next z the tnterleaving process as a feature of the present invention wll
be described. As shown in Fig. 9, the total interleave |length of each of

t he conventional CD-DA format and the conventional CD-ROM format is 109 (=
108 + 1) franmes. Thus, in Fig. 9, data at the sector mis placed as hatched
lines. Wien the data at the sector n1den2 ed by the hatched lines is
rewitten, all the Cl sequence at the seftor (m+ 1) and part of the Cl1
sequence at the sector (m+ 2) are affected. In addition, all the Cl

sequence at t9§£§88£$h8 °1mﬁ8%t ﬁg 53%; % the(fl sequence at the sector (m

- 2) are affecC F¥ﬁ% Sector mis rewitten, the

parities of the Cl sequggca%ﬁé&ﬁbgg %%w Sfﬂgm ljr)s(}:ata ;E-Et?%%lééglngl) and

(m- 2) should be change e ot han e sector mis

decoded and tjeacess! gfuCede Batbnel d@%ace%tletmr@ecmce(gg -ard, all data
at the sector (m- 1), all data at the sector (m+ 1), and part of data at

the sector (rrrevairsarprbeqsrséedpakcfagmwd ralthdatexcatdime setd or A Si nce
the minimumunit of data being reproduced is a sector, data of five sector
shoul d be other words, in the first deinterleaving process and
the second deinterleaving process, delays appiied to
symbols are canceled. The deinterleaving processes are
performed by cpntrolling a write address and a read
address of the RAM 79. Each of the interpolating
_processes corrects an un~-correctable error of a symboi
with the average of thé preceding and following symbols
on the time axis. |
Thé output data of the first deinterleaving/
interpolating circuit 73 and the output data of the
-second deinterleéving/interpolating‘circuit 78 are
input to the switching circuit 72.
The switching circuit 72 selects the output
data of the first deinterleaveing/interpolating circuit
73 or the output data of the second
de1nterleav1ng/lnterpolatlng circuit 78 correspondlng '
to the ID for 1dent1fy1ng the 1nterleave length. The
ID is recorded at the header of each sector in the data
structure of the CD-ROM. The ID is input to the
'switching circuit 72 through the EFM demodﬁlating
circuit 26 and the system controller 37.
The reproduced data selected by the switching

circuit 72 is supplied to a sync/header detecting



%

read.; Thus; sectors that are not required should be wastefully read al ong
wth a required sector. Fig. 10 shows an exanple of an interl eaving process
according to the present invention. In this 19 exanpl e, the total
interleave length is equal to 98 frames. This total interleave |ength
cannot be acconplished by an interleaving circuit that adds del ays that
vary by the unit delay anmount D to indiV|guaI synbol s. Instead, by adding
del ay anounts of franes (0, 4, 7, 11, 14, 18, 21, 25, 28, 32, 35, 39, 42,
46, 49, 53, 56, . .6 7 Qe 1L 8..; .ang. 9

I ndi vi dual sy%%cg?g,ltt %g t(é%f% & %anE{ebM éiaevfé) eangél%mge%%ﬁé%lgqgﬁl g%%ég%df ranes.
In this exanpke, § frs fourpfra e ted as
t he djfferencg@bgbggﬁgyléﬁ%%ﬁfgﬂggfﬁbgﬁ;hd?ggzﬂ%§%€%%§%§é£I%¥¥ﬁ%£9£&

interl eaving pHeRsE 20Wa rifiv sy thkD aMifd-dESc SR8 pPokSsseW i tten,

after the sector nis

In the above-described embodiments, a
structure of which data that has been interleaved with
two types of interleave lengths is recorded/réproduced.
However, the present invention can be applied for a
structﬁre of which data that has been interleaved with
three or more types of interleave lengths is
recorded/reproduced.

Moreover, the present invention can be
applied for the case that a semiconductor memory is
used as a record medium as well as the above-described
disc-shaped record mediums. |

| According to the present invention, since the
relatioﬁ of the unit of sub codes and the total |
interleave length is defined, data that is aéceséed can
" be used without a ioss. In addition, according to the
. present invention, the total interleave length can
increased so as to imp?éve the correction performance -
against a bﬁrst error. Moreover, according to the
present invention, when the total_interleave length is
alloéated to a multiple of the unit of sub. codes,
hardware resources of encoders and decoders in the .
conventional Cb format and software resourceé thereof
can be used. In addition, the total interleave length

can be changed and the sector completion type encoding
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read until it is decoded, sectors that are affected are only the sectors-(n
- 13, n, and (n + 1). Thus, the nunber of sectors to be accessed can be
reduced and thereby data can be accessed at high speed. Fig. 11 shows
anot’her exanple of the interleaving process according to the present
invention. In the exanple shown in Fig._ 11, the unit delay anount Dis
allocated to seven. 1In the interleavinﬁ7circuit 43 shown in Fig. 5, the

m ni nrum del ay anount is 0. The maxi num del ay anount is (27 x 7 = 189

romes)  Sigtale (ELEaTADL, SadS0eLt $URS. TRl gLl PigELeve | S0t

is slightly sma W Cé The unl codes franes) .

process, theySactdff £OMPhELiRPeFYREvENERALRASPEAREBE $BBoPBeBASH! Y
acconplished. In the sector conpletion type interleaving process, diagonal

lines that ceggesdmé2r SOSEd SRedeHBesndoldthaeknabemebkiples of 98 frames.
When t he maxi num del ay anount is smaller than the unit

reproduced therefrom.

| ‘Having described specific_preferred

embodiments of the present invention with reférence to

the accompanying drawings, it is to be understood that

the invention is not limited to those precise

embodiments, and that various changes.ahd médifications

may be effected therein by one skilled in the art

without departing from the scope or the spirit of the

invention as defined in the appended claimé.



of sub codes (for exaqmggm&lQQB&ﬁﬁgﬁﬁ&{by nearly the unit_delay amount (for

exarfple, 7 - 1 =6), n i oration takes place] THISUSHERThE P
conpl etion type encodi am%mggmﬂ%m be properly perforned. | n%pﬁfgggtﬂ
, >8 o Xom= 4 = 98

as in 28 x 7 =196 = 9 = 392 = 98 x 4, and 28—x—28

[oX

x 8, the relation of nultiples of 98 franes can be acconplished. Th thrs

embodi ment, the total interleave length3% allocated to a i ;
smal ler than a multiple of 98 frames.. However, part of thmnmmm’mmmm
may be increased so that, the total interleave | ength becones a nults plse @
98 frames. Iﬁﬁﬁﬁkﬂﬁﬁ(ﬁ{a%ﬂﬁﬁm%ﬁ-ng to the present invention, data of which

the fol di dual d di . ' di he i | § [
(e £01ding bype Sl ot encol o oSt LAELIha0 JReLalstl povi g

[ th ' : { t dat f
oo, 1 the conaudnal Ch Oy S L occ 0 el g o5 92t o

i nterl eavi ng frRCETHM it B iR 'n{]ﬂo‘;/é%c?adlﬁ 1:8F0 e PLSRT A0S dRgt he

present invention has been perforned may be sel ected corresponding to the

type of data Disudi@ddeKGoripdiinAltid1otied ifformation data,

additional information corresponding to a predetefmined
number of frames being composed of a predetermined
number of sub-codes, the data recording apparétus
comprising: |

interleaving means for interleaving each of
the frames with an interleave length that is a multiple
of the predetermined number and forming interleaved
frames;

encoding means for encoding the interleaved

- fiames with an error encoding code and for forming

encoded interleaved frames; and

.recording'means for recording the encoded

interleaved frames on the record medium.

2. A data reproducing apparatus for reproducing
data from a record medium on which a predeteimined
number of encoded interleaved frames have been
reporded, the_enéoded interleaved frames being
generated by interleaving and encoding frames, one

. frame being composed of information data and a sub-code
corresponding to the information data, additional

information corrésponding to a predetermined number of



20 In the sinter| eaving process snownin Fig. 11, when one sector n is
rewitten, the Cl pmlgsueagameeﬁﬁ Is6e code sequences at the sectors- (n - 2),

(n - 1), (n + 1), an d be changed al ong wit t-he
sector n. leemnse
(n-2), (n- 1),

t the sector n is deco L’Eﬁg seéfz(ﬁti"d

n + 2)g are required. That i SiEh&CEANe as
nunbers of the sector reqU|red for t he i'Mterl eaving process of t he
conventional CD-DA and CD-ROM as shown in Fig. 9. However, the total .
interleave length is as |arge as 190 franmes. Thus, the protectlon agalnst a
burst error c%ﬁaﬁ%séhﬁéHSeGOBBﬁﬁﬁglﬁ§ fi Prededegrinest mimher@ b n

addi ti on, accora ng Eﬁ? BF resent |nvent|on an |nterleaV|ng process can
4

be perfornmed P Dxecﬁgleﬁ ERP&L, o 1) |nterleave
| engt hs of these cases @g§§gézF Sahs™ f%&greﬁ¥% d€%ﬁfqﬁ1 2L EL8 T 1=

757 < 98 x 8), respectiveé case toral

interieaved franes from the record sedium and A

outputting the encoded interleaved frames
decoding means for decoding the encoded
interleaved frames so as to form interleaved frames;
- and
deinterleaving means for deinterleaving the
1nterleaved frames with an 1nterleave length that is a
multiple of the predetermined number and for forming

frames.

3. A data recording method for recording a
predetermined number of frames on a fecoéd medium at a
time, ene frame being composed of information data and
- a sub-code correspending to the information data,
additional information corresponding to a predetermined
number of frames being composed of a predetermined
number of sub-codes, the data reco:ding method
comprising the steps of: |

interleaving.each of the frames witn an
interleave length thaf is a multipie of the
predetermined number and forming interleaﬁed frames:;

encoding the interleaved frames with an error
encoding code énd for forming encoded interleaved

frames; and



Iengthsbecones slightlTy sma a multiple of the unit of sub codes.
As descri bed abov@hxssueemaimnkﬁiigdl eavi ng process of which the total:

interleave length i tiple of 98 franes mher f gulttheEg§
larger than-2 is p orrectlon per f ormance dg §h ?L%Qg

error can be inprove a nodulo (a mulitiple B

agai nst the delay anobunt for the |nterI Vi ng process and t he

dei nterl eavi ng 22 folding type dual code encodi ng process including the

interleaving process with the total inter|eave Iength according to the . “.
present invention is pEeferdiig gheaepepdss rad@rdasvast riamaliany to the

total interleave Ien%th belng selected. The total interleave Tength can be
sel ected corFB%pBﬁﬂP R§AiHB-record density of the record tn uﬂl
transm ssion rate of the transm ssion path the type of thenﬁ “rmll &ll'l'll'l
and so forth. \Wen the - _

4. A data reproducing method for reproduc1ng

data from a record medium on which a predetermlned
number of encoded interleaved frames have been
recorded, the encode& interleaved frames being
génerated by interleaving and encoding frames, one
frame being compoeed of information data -and a sub-code
corresponding. to the information data, addifional
information corfesponding to a predetermined numbef of
frames being composed of a predetermined-nuﬁber of sub-
codes, the data reprqducing method comprising the steps
of: |

reproducing the encoded interleaved frames
from the record medium and outputting the encoded
interleaved fremes; |

decoding the encoded interleaved frames so as
to form.interleaved frames; and

| deinterleaving the interleaved frames with an

interleave length that is a multiple of the

predetermined number and for forming frames.

5. A data sending method for sending a
predetermined number of frames through a communication
path at a time, one frame being composed of information

data and a sub-code corresponding to the information .



record;density I's high, since the Tength of a burst error caused by the

sane défect on theTh dlagBredn Replacai | ong, the total i[n’r Flaae [ en s
preferably long. On , when a large ano hJ?BFﬁ'gagfgngEN
sequentially access | data and picture d ’ i atrvent i opa

I nterl eaving precess can be used w thout a problem Next,  another

enbodi nent of the present i nvention wi I3 be describrd in detail. In the
present invention, data of which two types of interleaving processes have
been performed i s present on the sanme record nediumor on the sane

transnisziondﬁfﬁahéﬁﬁﬂ X éﬁﬁﬂqW?E%inn?O?ES%RP%H%EE 59t?acﬁ, orba

tor, t Al t t t

por for fred | SPBPOEBTE R h SR G & raes BEBIE "oBREERIH AR am show ng

the structur r%‘;gett%‘%ﬁ%%g{ Wil 4 Qéu@—”@éggé, RO NN r QLo L i PT eSent
n Fig. , tor sinplicity,

i nventi on.

method comprising the steps of:
interleaving each of the frémes with an
interleavé length that is a multiple of the
predetermined number and forming interleaved frames:
encoding the interleaved frames with an error
encoding code and for forming encoded interleaved
frames; and | |

sending the encoded interleaved frames to the

RO

6. A data receiving method for receiving a

communication path.

predetermined number of encoded interleaved frames from
a communication path at a time, the encoded interléaved
frames being generated by-interleaving and encoding
frames, one frame being composed of information data
and a sub-code corresponding to the information data,
additional information corresponding to a predetermined
number of frames'being composed of a predetermined
ﬁumbér of sub—codes, the data réproducing method
comprising the steps of: o
'receiving the encoded intérleaved frame; frém

the communication path;

- decoding-thé encoded interleaved frames so. as

to form interleaved frames; and



S|n1lar port|ons‘TU“rhose—rn—Frg—‘i*are denoted by sim|ar reference
nuner al’s and t hei r TeleSHeéiHR BRRARRcNTt t €d. An encoder Fﬁtf;'i Ser"EYD Sleg"é{r a
’ 59,

RAM 66, a first int kit 67, a second interleavhéﬁi§

a switching circui tjm EH!H@&HH 'ty generating circui §Q EFM
nodul ating circuit 65 generates record data in the sane
format as the CD-DA. The RAM 66, the fi¥&t interleaving circuit 67, and the

parity generating circuit 68 performthe above-described ClRC encoding

process. The interl eavi,n ess .is rformed with irst interl eave
ngth by cont ol 11 ng SeAPREE 8atAogs thns rbatAbarke daamas sHdTioam 6o

Genor et o' oFPEEY Eger 8pBER Bt A R é‘r?ocegﬁg Tﬁi” ot or | eavi g

ddr ess and EF788 3%9598?‘5%%29%%2’5 T Ar C°”ﬁlll|lll1|llﬂ’|ﬂllﬂ||| il

I nterl eaving
7. | A record ﬁédium for recording a predetermined
number of frames on a record medium at é time; one
frame being composed of information data ana a sub-code
corresponding to the information data, additional
information corresponding to a predetermined numSer of
frames being compoéed of a predetermined number of sub—
codes, each of the frames being interlgaved with an
interleave length that is a multiple of the
predétermined'number'so as to form interleaved frames,
the interleaved frames being encoded with an error
-encoding code so as to.form encoded interleaved digital
data, the.encoded interleaved frames being recorded on

the record mediumn.

8. The recording apparatus as set forth in claim
1, wherein each of the frames is composed of a
plurality of symbols, and wherein said interleaving
means is adapted for delaying the symbols with at least
a first delay amount and a second delay amount so as. to

form the interleaved frames.

9. A data.recording apparatus for recording a



circuit 67 or the output data.IﬁmmEe secoﬁd interleaving circuit 69 is

selsected by the switching circ ﬂ"”ﬂ"’ﬂ"ﬂ”ﬂt represents one_of the
. | ve | enfotilic T 12k i ed
gﬂggé%hw e

first interleave length and th t
iréuit 64 i ace

fromthe host conputer 2 to the smﬁtching C
3, the CD-ROM formatting circuit 4, and the systemc i S
case, the ID for identifying the inteﬁ%%nmalength shoul d be recorded on
the tape along with-data. Mrre practically, the IDis recorded at the

header of each sector.of .the data str, ure Qf .the FK%Q. gpe el ected
out put data Pgeé_ﬁﬁﬁﬁ%ﬁﬁﬁgt 88"% t ﬁ’g EE%?“r%sdtﬂ%aﬁ nr}:é‘:‘c_c%%rdctill1 aan% asuppl I ed
to the opticaing) C6HR tanbChbinll LOmRIRLRAE ik dinbtibh ddit shdaicture of
the reproducing side o tﬁls e di ment _

a sub-code corresponding to the information data,

additional information corresponding to a predetermined
number of frames being composéd of a predetermined
number of.sub—éodes, the data recording appar;tus
comprising:

interleaving_means for interleaving each of
the frames with an interleave length that is smaller
than a multiple of the predetermined number and forming
interleaved frames;

encoding meané for encoding the interleaved
frames with an error encoding code and for forming
encoded interleaved frames; and

recording means'for_recording the encoded

interleaved frames on the record medium.

10. The recording apparatus as set forth in claim
9, whefein each of the frames is composed of a
plurality of symbols, and wherein said interleaving
means is adapted for delaying each of symbols of the
frames with delay.émounts that vary for each of symbols
by a unit delay amount D so as to interleave the frames
with an interleave length that is smaller than a -
multiple of the predetermined number and form the

deinterleaved frames.

This Sheet Has Been Rei
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wi Il be described. For sinplicity, in Fig. 12, simlar portions to those in .
Fig. 2 are denoted by simlar reference nunerals and their description is
omtted. Data reproduced from an optical pickup 23 is~stppttedto go_ EFM
demodul ating circuit 28 of a CD format decoder 75 derjotiéd Hy:-dotted=Ft pes
of Fig. 13 through a wavef orm shapi ng gtrcuit (not sHown) . REAAGER put_dlat a
of the EFM denodul ating circuit 26 is pplied to a fTTSt
deinterleaving/interpolating circuit 73 and a second

deinterl eaving/interpqlating circuit 78 In associatipn wth the first

dei nt er | eavi'rly/ intedﬁh%ﬂqé%fﬁé#QﬁnqpﬁéfiﬁﬁFt%% §%Eoﬁﬂrg%iﬁFeFigéWing/

I nterpol ati Ci | t:.7 7 w . egfing circuit 74
are di spo_se(r}.q}’ Jh%gsecqu %e%%@%&%@s‘ﬁé%‘g% n%ser%e%é?%g gzr)%cess and the
second dei nt ga%fi‘rfid‘&l{g GRS Y QoY &f SRuPE ASESS6E PepEOEABIuANLE he

A

delay amount D.
12. The recording medium as set forth in claim 1,

wherein each of the frames is encoded with another
error correction code different from the error
~correction code and includes a parity symbol generated

by the enceding process.

13. The recording apparatus as set forth in claim

1, wherein the predetermined number is 98.

. 14; A data recording apparatus for recording a
predetermined number of frames on a record medium at a
time, one frame being composed of information data and
a sub-code corresponding to the information data,
additional information corresponding to a predetermined
number of frames being composed of a predetermined
number of sub-codes, the data recording apparatus
comprising:

first interleaving means for interleaving
each of the frames with an interleave length that is
equal to or sﬁaller than a multiple of the
predetermined number and forming first interleaved

frames; _ : - .
' This Sheet Has Been Reilaced
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ot her mords in the first deint and the second
dei:nt er | eavi ng process, del ays lmummg'@wmm s are cancel ed. The
dei nterl eaving processes are perf ormed by “cont+ ol nghgwymftq#ﬁgggﬁis and a
read address of the RAM 79. Each of the |nterpolat|ng PrE@S pCcts an
un-correctable error of a synbol wth e average d nd
follow ng synbols on the tinme axis. The’output data of the first
deinterleaving/ interpolating circuit 73 and the output data of the second
deinterl eaving/interpolating circuit 78 are input_to the sw tching circuit-
72. The switching ci rcﬁ?f:m?g ipFecisaviadHmeans dara grtameaving

dei nterl eavein ﬁinge ol t|n circuit 73 t.he output at of the second
deinterleaviﬁa n? rEBF Fﬁ8 |W&§Hta?8 5@@? 5

denti f L nt 4 f h
sector 'n tniohatl Ehefl 5?@2%?&5@&&%@%& ea%e?&npu a%e& o
swi tching C|%gg¥%nazsggg thHEE%lEEWEgeqﬁgﬁkﬁilng circuit 26 and the system

controller 37 e reproduce ata selecte the sw tching
inputting means for inputting an interleave

length signal that represents the interleave length for
each of the frames; .

selecting means for selecting the output of
said first interleaving means corresponding to the
_;nterleave lgngth signal when the interleave length is
equal t5 or smaller than a multiple of Ehe
predetermined number or for selecting the output of
said second interleaving means when the interleave
length is larger than a multiple of the predetermined.
number:;

inserting means for inserting interleave
length information representing the interleave length
into the frames; and

‘recording means for recording the encoded

interleaved frames on the record medium.

15. A data reproducing apparatﬁs fér reproducing
data from a record medium on which a predetermined
number of encoded interleaved frames have been
recorded, the encoded inteileaved frames being
generated by interleaving and encoding frames, one

frame being composed'of information data and a sub-code

This.Sheet Has Been Reilaced .




circuit 72 is supplied to a sync/header detecting 26 circuit 32 of _a

CD- ROM def or mat t i ng circuit;? !n ﬂ Hn F" ed | i nes[Bf FiGeridAS BEEN.
sync/ header detecting circui H ﬂﬂmu , Wabove-des %‘H) EE'E\-%ASSS. N

*

t he ‘above- descri bed enbodi ment's, “a Str'luctfure of which Hata f seer
interleaved with two types of interleave |l engths is recorded/reproduced.

However, the present invention can be lied for a structure of which data
that has been interleaved with three or nore types of interleave lengths is

recorded -r ep{:ggygggony@ﬁ r th%hf‘ln&"o ‘Sargvﬂ)éa{'ocrjhd;‘;i&i%ﬂppl ied for the

0¥8®
case that a sen1conducto§ menory i1s used a recor umas well as the

above-deSCriQﬁﬂoﬂhé@iéﬁaééérégﬁgh@im§ﬁﬁaﬁh gk e tril gy 2 et
i nvention, since the relation of the unit of sub codes and the total

interl eave | €ngihBsi Bellali aefpodadacithal predaeaasated alumber of sub-~

codes, the data recording apparatus comprising:

reproducingﬂmeans for reproducing the encoded
interleaved frames from the record medium andf
outputting the encoded interleaved frames;

decoding means for-decoding the encoded
interleaved frames so as to form interleaved frames;

first deinterleaving means for deinterleaving
the interleaved frames wifh a_first interleave length
that is eqqal to or smaller than a multiple of the
predetermined number and forming first type frames:;

second deinterleaving means for
deinterleaving the interleaved frames with a second
interleave length that is larger than a multiple of the
prédetermined number and fprmiﬁg second type frames;

detecting means. for determining whether the
encoded interleaved frames have been interleaved with
the first interleave length or the second interleave
léngth and for outputting interleave length
information;.and

selegting meéns for selecting the output of
said first deinterleaving means or the output of said
second deinterleaving means corresponding to the

interleave length information.

This Sheet Has Been Re'placed .

(AR




be used‘mdthout aloss. In addition, eccordln to the present invention,
t he total

interl eave |ength canm“ mﬂmﬁﬂmﬂn to i rrprove the correct i on
per f Qr mance agai nst a burst ér cordin T L
!e

i nventi on,

conventi onal
addi ti on,

when the total |nterreave Hength is alloca
the unit of sub codes, hardmare resources of ‘encoders

CD fornat and software redburces thereof can be used In
the total interleave | ength can be changed and the sector

conpl etion type encodi Arecofd REATRRS £62NrBRRATNLY (RS @I histaed

Mor eover,

Invention is not" limted to those precise

information data and a sub-code corresponding to the
information data, additional information corresponding
to a predetermined number of frames being composed of a

predetermined number of sub-codes, each of the frames

- with an interleave length that is equal to or smaller

than a multiple of the predetermined number being
interleaved so as to form interleaved frames, the
interleaved frames being encoded with an error encpding
code so as to form first'eneoded interleaved frames,
the first encoded interleaved frames beinglrecorded on
the record medium, eaeh of the frames with an
interleave length that is larger than a multiple of the
predetermined number being interleaved so as to form

interleaved frames, the interleaved frames being

- encoded with an error encoding code so as to form

second encoded interleaved frames, the second encoded

interleaved frames being recorded on the record medium.

This Sheet Has Been Reil,a, ed l

g

data'with different interleave |engths.can be recorded on t he
same record wRdi4neangd fabaecEaPmbBeafuberepiEOFuaRE st el &f heBoridavi ng

descri bed specific preferred enbodi nents of the present
ref erence tomédiuRcaonpatymeyg dnawEpgme being combesedderfst ood t hat the

i nvention with

¥ of
heﬁ



enbodiﬁents and that various changes and nodifications may be effected

therein by one skilled in the art without departing fromthe scope or the
spirit of the invention as defined in the appended cl ai

claimed is: A data recording apparatus for recording a pi dHé SHREhHASHAREN:
of frames on a record mediumat a time;3%ne frane being ¢onposHFISHED
I nformati on data and a sub-code corresponding to the information data,

addi tional infornation corresponding to a predeterm ned nunber of franes

bei ng co ' o o r di ng
appar at u%ﬁ hﬁ%?*ﬁ% %ﬁ%&%ﬁg Gﬁ%ﬁ’ elg%}gibf t he
frames with an |nter eave ng I'S equal to or smaller than a

mul ti ple of the predeterm ned nunber and formng first

&

i nterl eaved franes;

A C2 encoder encodes data of 24 symbols
'supplied from a two-symbol delaying/sérambling circuit
and generates a Q parity of four symbols. Data and Q
parity are supplied to a infexleaving circuit. The
interleaving circuit adds delays that vary for a unit
delay amount D each as in 0, D, 2D, ..., and so forth
to individual symbols so as to interleave the data. In
.this case, since D = 7, the maximum delay émount
becomes 7 x 27 = 189. Thus, the total interleave
leﬁgth becomes 190. The total interleave length is
slightly smaller than twice the unit of sub codes (98'
frames). A Cl encoder encodes 28 symbols that have

been interleaved and generates a P parity of four

' symbols.

FIGURE 1 & 2

This Sheet Has Been Rep lace
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second ‘i nterl eaving neans for interleaving each of the franmes with an
intérl éave length that is larger than a nmultiple of the predeterm ned
nunber, and form ng second interl eaved frames; inputting . means for inputting
an interleave length signal that represents the interleave |l ength for each
of the franes; selecting neans for seheghing the output of Said first

I nterl eaving neans corresponding to thé interleave | ength signal when the
interleave length is equal to or smaller than a nultiple of the
predeterm ned nunber or for selecting the output of said second

i nterl eavi ng neans when the interlegve length is.larger than a multiple of
t he predeterm ned nunber; 29 |ns§rt|ng means for inserting interleave

| ength information repreﬂéntlng tnﬁl.lterleave | engt-h into the franes; and
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recordlng means for recording the encoded interleaved frames on the record
medi‘um * 2. A data reproduci ng apparatus as set forth in claim1l,
whereip for reproducing data froma record nmedi umon which a predeterm ned
nunber of enclosed interleaved frames have been recorded, the encoded
interl eaved franmes being generated by hp&zrleaV|ng and encodeing frames,
one franme being conposed of informatio ta and a sub-code correspondi ng
to the informati on data, additional information corresponding to a
predet er mi ned nunber of franes being conposed of a pr ned nunber of
sub- codes, the data recordi ng apparatus conpri sipg: SEETEEEC' means for
reproducing the encoded interleaved franes\fropthe,reCord nedég and

outputting the encoded interl; 0] odi ng the
encoded interl eaved frames@ss| as f HOST ¢ THReav ra t
dei nterl eaving neans for dein lng«Ahe | Xerlkay r ijth a first
interleave length that is equal to or Amafler] thdn a-my ti t he
predet ermi ned nunber and formng firsi—type f¥a ; second rl eavi ng
means for : . 8 A L
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deinterl eaving the interleaved frames with a second interleave |ength that
is larger than a nmultiple of the predeterm ned nunber and form ng second
type.f ranes; 30 detecting nmeans for determ ning whet her the encoded
interl eaved frames have been interleaved with the first interleave |length
or the second interleave | ength and for/qH{putting interl eave | ength

i nformati on; and sel ecting neans for % cting the output of ‘said first
dei nterl eaving neans or the output of said second deinterleaving neans .
corresponding to the interleave | ength, jnfor i;on. 3. A record nedi um
as set forth in claiml, wherein for [diggé or nore units of a
predeterm ned nunber of frames on a rec®d nediumat a tinme, one frane
bei ng conposed of information data and a sub-code corresponding to the

i nformati on dat a, ditional infornation1qg&ﬁ§spgnding to a_ predeteym ned
nunber _ _
SUB~CODE
. [4 DATA BIT | QPARITY ;  DATABIT | P PARITY
(12 SYMBOLS)  |(4 SYMBOLS)| (12 SYMBOLS) _|(4 SYMBOLS)
LEFT  RIGHT ,
sis|slsjsl (/ |slslsis|sla]s]| // |sjsls]le]ls]s

(1 2 8 4----avmum 12 13 14 15 16 17 18~--~~~ 27 28 29 30 31 329)

Fig. 3B
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of franmes, being conposed of a predeterm ned nunber of sub- codes, each of
the frames With an interleave length that is equal to or smalller than a
mul tiplLe of the predeterm ned nunber being interleaved so as to form_
interl eaved frames, the interleaved franmes being encoded with an error
encodi ng code so as to formfirst encog?glinterleaved frames, the first
encoded interl eaved franes being recorded on . the record nedium each of the
frames -with an interleave length that is |arger &han a nultiple of the

pr edet er mi ned nunber being interleaved so as to Eq;m i nterl eaved franes,
the interl eaved frames being encoded with an errg@r2encodi ng code so as to
form second interl eaved franes, the second enco interl eaved franmes being
recorded on the record nedi um 31 data, addit@al information
correspondi ng to a predeterm ned nunbher of frames MWei ng conposed of a
predet erm ned nunber of sub-codes, the data recdﬁdﬁng met hod conprising the
steps of: interleaving each of the franes with anT
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and sending the
-A data

encoding the interleaved frames with an error

one

is anmultiple of the predeterm ned nunber and

gth that

form ng interl eaved franes;

interl eave | en

encodi ng code and for form ng encoded interl eaved franes;

encoded interleaved franes to the communication path. 6.
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32 deinterleaving the interleaved franmes with an interleave length that is
a mdtiple of the predeterm ned nunber and for formng frames. 7. A
record_nedium for recording a predeterm ned nunber of frames on a record
medi untat a tine, one frame being conposed of information data and a
sub-code corresponding to the informatj data, additional information
corresponding to a predeterm ned nunbe frames being conposed of a

pr edet er mi ned nunber of sub- codes, each of the franes being interl eaved
with an interleave length that is a nmultiple of the predeterm ned nunber so
as to forminterleaved frames, the interl eaved frames being encoded wth an
error encoding code so as to form encodganterl eaved digital data, the
encoded interl eaved franes being record n the record nedium 8.

The recording appafatus as set forth in@&im1, wherein each of the frames
is conposed of a plurality of synbols, §dd.wherein said interleaving
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9.

33 predeterm ned nunber of

one frame bei ng conposed of
the data recording

i nterl eaving each of the
Is smaller than a nultiple of the

predet er mi ned nunber and fogm gg §nt § | eaved % ans;¥enfodfngfneans for

encoding the interl eagedsfrgmeg wst h&n error

encoded interl eaved fr'gpfs 2gpd

| east a first delay

anount. and a second delay anount so as to formthe interl eaved franes.

A data recordi ng apparatus for

ding'to the information data,
a predeterm ned nunber of franes

b

bei ng conposed of a predeterm ned nunber of sub-codes,

apparatus conpri sing:

recording a

i nterl eaving neans for

dapted for delaying the synbols with at
I nformati on correspondi ng

-

nmeans is a
i nformati on data and a sub-code corre

frames on a record nediumat a tine,
addi ti onal
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wher ei n

and wherein said
is smaller

The recordi ng nedi um as
i s encoded with anot her

ynbol s by a unit delay anmount D

erl eave | ength that

£k

nposed of a plurality of synbols,
The recording apparatus as set forth in claim10,

wher ei n each of the frames

recordi ng means for recording the encoded interleaved frames on the record

The recordi ng apparatus as set forth in claim9,

34 11.

3

i nterl eaving neans is adapted for del aying each of synbols of the franes
than a multiple of the predeterm ned nunber and formthe deinterleaved
wherein said interleaving neans is adapted for delaying the synbols with a

each of the franes is co

wi th delay anmounts that vary for each

so as to interleave the franes with a
multiple of 7 of the unit delay anount D. 12.

medi‘um " 10.
franes.

error correction code different fromthe error

set forth in claima1l,
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correction code and includes a parity synbol generated by the encoding
proeess.. 13. The recordi ng apparatus as set forth in claim1l, wherein
t he predeterm ned nunber is 98. 14. A data recordi ng apparatus for
recordi ng a predeternined nunber of frames on a record nediumat a tine,
one frame bei ng conposed of infornati%? ata and a sub-code correspondi ng
to the information data, additional i & mati on corresponding to a

pr edet er mi ned nunber of franes being conposed of a predeterm ned nunber of
sub-codes, the data recordi ng apparatus conprising: first interleaving

means for interleaving each of the frame tth anga nterleave length that is
equal to or smaller than a nultiple of t .el edet& m ned nunber and form ng
first interleaved frames; . 35 second interTeaving neans for interleaving

SECTOR (w~2) ; SECTOR(=~1) ; SECTORm y SECTOR(m+1) ; SECTOR (ut2)
GBFRAMES | 9BFRAMES | OSFRAMES | OBFRAMES | 9BFRAMES

108FRAMES

Fig. 10

SECTOR(n-2) ; SECTOR(n-1) ; SECTORn _ SECTOR(n+1) ; SECTOR(n+2)
 OSFRAMES | OSFRAMES | OBFRAMES | OSFRAMES | OSFRAMES

9BFRAME

Fig. 11

-SECTOR(n-2) y SECTOR(n~1) | SECTORn y SECTOR(n+1) j SECTOR(n+2)
| OBFRAMES | OBFRAMES | OSFRAMES | OSFRAMES | OBFRAMES

lﬁ"ﬁwi



each, _of the frames with an interleave length that is larger than a mul tipie
of ?he predet ermi ned nunber and formi ng second interleaved franes;

|nputtjng means for inputting an interleave |length signal that represents
the‘interleave length for each of the frames; selecting neans for selecting
the output of said first interleaving ﬁﬁ§PS corresponding to the interleave
| ength signal when t interleave |len s equal to or smaller than a
multiple of the predggerm ned munber or for sel ecting the output of said
second i nterleaving ans whendhe interleave length is |arger than a

mul tiple of the predeffernm ned ; |nsert|ng neans for |nsert|ng

i nterl eave | ength i nfippatiol he 22 eng ot he

frames; and recordi ngf{neans f --cordlng t he encoded |nterleaved fraHes on
the record nedium 15 / A reproduci ng apparatus for reproduciing
data froma record Ji um on mhlch a predeternlned nunber of encoded
interl eaved frames haNe been
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recorded the encoded interl eaved frames being generated by interleaving
and»encodrng frames, one frane bei ng conposed of information data and a
sub-¢ode 36 corresponding to the informati on data, additi-onal

i nformation corresponding to a predeternined nunber of franes being
conposed of a predeterm ned nunmber -of 1§ ?1 codes, the data recording
apparatus conprising: reproducing neans for reproducing the encoded

i nterl eaved franmes-fromthe record nedi um and out putting the encodéd

i nterl eaved frames; decoding neans for decoding the en ' eaved
frames so as to forminterleaved franes; first deinter Vi s for
deinterleaving the interleaved franes mrtQ‘a f| st iQt rleave,l th that
is equal to or snmaller than g nurtTpteof T;Ie@i[ cuet ey I 11e and

form ng first type franes; secgnd dei nt B9 for |dert G|l eavi ng
the interl eaved franes with a second - o
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|nterleave | engt h that~T§ Iar er It|pIe of the pr ; _
nunber ° and form ng secogj“u ‘ tectl ng neans for det er i ni ng
. whet her the encoded int

ave been i nterl ealed w 2HEDEN r$t '
interleave length or the secon |nterleave | ength and for [oytputting b

interl eave length information; and sel I ng means for - sellectig TNe out put
of daid first deinter] eayi ng neans or the out put- of said decond

dei nt erI e Nhalg }ﬁeaﬁ?sa’é‘éﬁq’ fonding to the interleave |ength infornation.
37 16. Arecora dadaum'etotrdletg)r&tpmgreﬁlésoﬁoﬁorr@%Cf%“%fa
predeterm ned nunber of frames on a record medi um at

frarre
bei ng conmmmsadebé rirhhedmanimbe rd stfa BrrRMaS s8B- EOJ(?C@(Fr‘f %E‘Eﬂ‘ t® the

informati on data, additional information corre

d
nunber of Hfaﬁresoﬁél g eSS drompPRF ede Odr ﬂwn%?é)cfl?ﬁl %Igr? % gggg&rensne

each Of.thg 25 de corresponding to the information data,

additional information corresponding to a ‘predetermined
number of frames being composed of a predetermined
number of sub-codes, the data recording apparatus
comprising:

first interleaving means for interleaving
each of the frames with an i;terleave length that is
equal to or smaller than a multiple of the

predetermined number and forming first interleaved

frames;

second interleaving means for interleaving
each of the frames with an interleave length that is
larger than a multiple of the predetermined number aﬁd
forming second interleaved frames;

inputting means for inputting an interleave
length signal that represents the interleave length for
each of the frames;

selecting means for selecting the output of

said first interleaving means corresponding to the

intterleave length signal when the interleave length is
equal to or smaller than a multiple of the
predetermined number or for selecting the output of

said second interleaving means when the interleave

length is larger than a multiple of the predetermined
number;
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with an interleave |ength t ' ual to or smaller than 4 nultgplqﬁqg
t he' prédet er nmi ned ;nu um “ILBH | eaved so as to formintlerl eaddthC 997
frames, the interlie AR ey encoded with an error €ncgoding code so

as to formfirst encoded int#rleaved frames, the first encoded interleaved
frames being recorded on the record nedia2®m each of the franes-.w.th-ap——

interleave length that, _is |arger than nmul.tiple .of t rm ned
nunber bei ng interlea&@&%ﬁf%ﬁ%tQF?%?n?Pﬁtéﬂ%égﬁgg?rgﬁgg?f?ﬁgginterleaved
frames bein d | n_er Is S o] ond
encoded i nt g?ﬁgggegqff\rgaﬁﬂnés&?rhegés)é’égﬁgagﬁg%de | n]fstg(}?gg%/g‘ééf lilghrrégﬁbei ng
recorded on;hhg EReOd AHRM Mng

recording means for recording the encoded

interleaved frames on the record medium.

2. A data reproducing apparatus as set forth in

claim 1, wherein for reproducing data from a record medium
on which a predetermined number of enclosed interleaved
frames have begn recorded, the encoded interleaved frames
being generated by interleaving and encodeing frames, one
frame being composed of infofmation data and a sub-code
corresponding to the information data, additional
information corresponding to a predetermineg number of
frames being composed of a predetermined number of sub-
codes, the data recording.apparatus comprising:
reproducing means for reproducing the encoded
interleaved frames from the record medium and
outputting the encoded interleaved frames;
decoding means for decoding the encoded
interleaved frames so as to form interleaved frames;
first deinterleaving means for deinterleaving
the interleaved frames with a first interleave length
that is equal to or smaller than a multiple of the
predetermined number and forming first typé frames;
second deinterleaving means for
deinterleaviﬁg the interleaved frames with a second
interleave length that is larger than a multiple of the

predetermined number and forming second type frames;
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detecting means for determining whether the

encoded interleaved frames have been interleaved with
the first interleave length or the second interleave
length and for outputting interleave length
information; and

selecting means for selecting the output of
said first deinterleaving means or the output of said

second deinterleaving means corresponding to the
interleave length. information.

3. A record medium as set forth in claim 1, wherein

for recording two or more

units of a predetermined number of frames on a record

medium at a time, one frame being composed of information

data and a sub-code corresponding to the information data,
additional information corresponding to a predetermined number
of frames being composed of a predetermined number of sub-
codes, each of the frames with an interleave length that is
equal to or-smalller than a multiple of the predetermined
number being interleaved so as to form interleaved frames,

the interleaved frames being encoded with an error encoding
code so as to form first encoded interleaved frames,

the first encoded interleaved frames being recorded on

the record medium, each of the frames with an interleave
length that is larger than a multiple of the predetermined

number being interleaved so as to form interleaved frames,

the interleaved frames being encoded with an error encoding

code so as to form second interleaved frames, the second

encoded interleaved frames being recorded on the record medium.
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METHOD FOR RECORDING (SENDING)/REPRODUCING (RECEIVING) DATA,
APPARATUS THEREOF, AND DATA RECORDING MEDIUM

ABSTRACT OF THE DISCLOSURE

A C2 encoder encodes. data of 24 symbols
supplied from a two-symbol delaying/scrambling‘circuit
and generates a Q parity of four symbols. Data and Q
parity are supplied to a in£erleaving circuit. The -
interleaving circuit adds delays that vary for a unit
delay amount D each as in 0, D, 2D, ..., and so forth
to individual symbols so as to interleave the data. 1In
this case, since D = 7, the maximum.delay amount
becomes 7 x 27 = 189. <Thus, the total interleave
leﬁgth becomes 190. The total interleave length is
slightly smaller than twice the unit of sub codes (98
framés). A Cl encoder encodes 28 symbols that have

been interleaved and generates a P parity of four
symbols.

FIGURE 1 & 2



