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The 1nventlon relatea to a novel optical disk an¢, more

partxoniarly. to that dlss, to a method of reoordlng and x:adrng

- informs tion on the_drsk and to apparatue for carryrng out raat

oﬁtical disks have been used as mass storage de. .ces

_for oomouter appl;cat;ons. and such optical dxsks are know as

CD~ROM; - ‘The dlsk which is used as the CD-ROM is modeled fter

the st:ndard compact disk (CD} that ‘has been developed for: audio

applic:tions and is basisally an sudio €D with various

improvwmenta and refinemente particulsarly adapted for comp:ter

appllc=Lzons. Using such a ”D a8 a standard, the CD-ROM li1s a

data siorage oapaclry of about 600 Hbytes. By ueing audi: CD

. techno. ogy ‘as its basrs, tne, CD~ROM and-ltS-disk drive hae

become felatlvely 1nexpens;ve and are qu;te popular.

However., sznce conventlonal audlo Cha with thel

| inherer*.format-and storage .capacity have been adapted fo- CD-.

ROMS, ..t has. heretofore been dxffrcult to lmprove the dat:

7.storagr capaczty._

In typrcal computer applzcatlons. a ca;acxty

of 600 Mhytes has been found to be 1nsuff1¢1ent.-

Alao. the data transfer rate that can be obtalnen from

audlo :Ds generally 15 less than 1. 4 Mblts/sec (Mbps). Hewever,

computer-applrcatrons:generally reguire a,transfer_rate'fay'in'

excess of 1.4 Mbpes but it is difficult to attain a faste:

‘transfar rate with oonventional CD~ROMS .

' gop:,ygnziu..u?
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_ !et another d;aadvantage asaoc;ated with conwent;onal - : “'@

CD-ROMs. and which is due to the fact that the audio CD format
.'hac'beenledapted forlcomputer applicationc. ls the relatively--
“”long access tzme aasoclated.WLth accesszng a part;cular loczation
'.on the d;sk.; Typzcally. relatlvely long strlngs of data are read'
ulfrom audio CDs. whereas computer appllcatlons often requ;rw
| facceasrng.an_arbltrary locat;on to read a relatlvely-small amount:

:of date therefrdm.- For example. accesa:ng a partlcular seotor

may - take too much time- for the (o45] controller to 1dent1fy whzch

“ﬂfaector ;s being read by the optical plck-up.

A st;ll further dlfflculty associated with CD-ROMS. and |

:n.whzch ﬁleo is attrlbuted to the fact that such CD-ROHs are based
"upon audio CD technology. is the error correctlng ab:l;ty
'1thereof. When audlo data ie reproduced from an audlo CD, éxrors:
tthat cannot be corrected nevertheleel can ba concealad hy lalng
o znterpolation based upon the h;gh correlation of the audic
R znform&tlon that Ls played. back.; However. in ccmputer
_eppl;cet;ons. lnterpolatlon often cannot, be used to conces’.
.errors becauee of the lcw correlatlon of such data. Hence._the
. data that 15 recorded on a CD—ROM mnat be encoded and modu-ated '
:lln a f@rm exhlbltlng hlgh error correctlng ablllty. Heretnfore.f
'idata haa been recorded on a CD-RQM ln a conwent;onal cross
.1nter1eave Reed-Solomon code (CIRC) plus ; so-called block
if'completlon error correctzon code. chever. the block comp etion.

'code gunerally tahes a relatlvely long amount of time to dncode

5MAR/3L5 4 APP '--. - ' ' 2
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-f the data. and more 1mportant1y. Lts error correctlon ability is
d_belleved to be Lnauffxozent in. the event that multlple errors are
n'present in a block. slnce two error correctlon code (ECC)
ntechnlques are used for a CD-ROM, whereas only one ECC techn:que -
o is used for an eud;o cb (namely. -the CIRC teohnmque). a greater
| amountfof non-data-informatlon must.be.reoorded on the CDdeM-to-
 .effect suoh error correotxon. ‘and thll non-data information is
-'freferred to a8 'redundant' data. In an attempt to 1mprove the
_z.error correctmon abxllty of a CD-ROM. the amount of redundancy

 ethat must be . recorded is eubatant;ally lncreaaed.

Alao._lt lﬂ dellrable to provide a standardlzed optloal_

H,dlsk with the addltzonal capabxl;ty of. havzng dxgxtal v1de~f
"1nformat1on recorded thereon in a data-compressed format. such as
“-MPEG-cﬁmpreased v;deo data and compresaed eud;o data (or PCM
. audio data) that can be used as a digital video dlsk (DVD;.' But
_n'there aurrently are. d;fferent MPEG compresaion technlques. or
: 7fformats. ava;lable and more may be developed in the future. It
.;;e d;ffroult.to-play.baok a v1deo program‘from a DVD if tha MPEG
| -'_fom.;.t that had been used to record that video program is not

'readzlg determ;ned; and thia problem is oompounded if one DVD has

ecorded thereon dszerent v1deo programs exhibiting dlffe*ent

'MPEG. formats an well as dxfferent audlo formate.

Therefor. 1t 18 an’ object of the present 1nvent10n to

:wprovzde -an zmproved optical dlsk having part;oular use as a DVD

.wnnanuw R - 3
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lor CD-ROM wh:ch overcomes the aforenoted dlffxcult;es and

-1

.25 : fdlsadvantages assoclated w1th CD-ROMs for whlch snmilar uaes have_ -
) 3 '_been attempted heretofore. | | |

: 4 _5 ' another object of thls 1nvent10n 1s to prov1de an

 '55, opt;cal disk whlch exhiblts a hlgher access speed. thereby

.16':'.perm1ttrng anck access of arbltrary 1ocatlons. such as sectors.
ﬁr72: fto be accessed qulckly.__ ' P

8 f A further object of th;s anentlon is to provrde an

i9 : slmproved optlcal drsk hav1ng a hlgher transfer rate than tne

10 'transfer rate asaoc:l.ated with CD-ROMs heretofore used.

11 ' A.further object of this 1nventlon is to improve. the

:12 _ accessib;l;ty of different segments of v1deo informatlon. such as_ .

13 u'-chapters. recorded on an optlcal d;ek. therehy maklng it more

14 advant“geous for use as a CD-RQM or as a DVD._ _

_15: An add;tlonal obJect is to provxde an 1mproved oot;cal

¥16”'s-dxsﬁ'wilch stores data with reduced redundancy. | |

.11 stzll another object of this 1nventlon is to provide an

.1$  improved recordlng format for an optical disk which enhances the |
'f19~f ablllty to identxfy and access the video informat;on recorded

- 2°:- .thereon. 5_-' | '

21{ | ) Another object of thxs anentlon is" to prov;de an

2§   opt1car dlSk hav1ng a substant;ally meroved record;ng dennlty.--

'23;:j thereby facllltatlng use of the d;sk as a CD-ROM or a DVDV :

34.. S A further object of thlﬂ anentlon is to prcv1de an
f.25;j :1mprov9d optlcal disk having vldeo and audlo data recorded in
o '-_wamqm-ara S 4 | |
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:dchapters. wath each chapter being unlquely xdentlfzed for qulck
' access chereto and w1th the partacular format of the recorced

‘data. berng 1dent1f1ed to permit compatible data recovery._f

various other obJects. advantageous and features of the

present 1nventlon will become readily apparent from the ensulng

| -detazled deacrlptzon. and the novel features w111 be part;oularly '

| tpo;nted out in the appended clalms.__"

In accordance wzth thls inventlon. an opt;cal d;ek. a

'method and apparatus for recording that dlsk and a method and
.f-apparatus for readlng data from that dlﬂk are prov;ded "he disk
 has a d:.ameter Of less than 140mm. a thickness of 1.2mm % ¢ .1mm.

i; and a plural;ty of record tracks exh;b;t;ng a track pitch in the
]'prange batween 0. 646pm and 1 05ym‘w1th data recorded in those -
ftracks -ag embossed pits. The tracks are d1v1ded into a leadrln
atarea. a program area and a lead-out are, WLth table of conLent

_(TOC) 1nfbrmatlon belng recorded ‘in at 1east one TOC track in the p
d'lead-;n area and user Lnformstlon recorded in a plural;ty ¢f user
t'tracka in the program area.' The user data preferably compxrses_
p:MPEG-compressed v;deo data and compressed audzo data, encodied in

‘any one. of different MPEG formats and audio formats (such &8s PCM.
_;audxo), and. advantageously. each track conta;ns a chapter of
'user 1nformstlon. Appl;cat;on table of . contents (AEOC)
'information.is recorded in the program area to identlfy varioﬁs _

: parameters of the chapters of user lnfOrmat;on for access;ng and

ioos.unulsxas app ) o s
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_'nsin§ thet information. The data (TOC, ATOC and user_ '_

. Lnformatron) is encoded in a long dlstance error correctlon code
hav;ng at 1east elght parity symbols._the encoded data bexng
_modulated and recorded on the d:sk. Preferably. the data is

r:modulated as run- length 11mrted (RLL) data.

" In the preferred embod;ment. the data is’ recorded w1th

' a 11near densrty in the range»between.O.ZS?pm.per-b1t and 0.378um.

As one aspect of th;s 1nvent10n. the ATOC 1nform.t1on :

_comprrses fleldB of chapter data, each field be;ng aesoc;ated

}:w1th a resgectxve chapter ‘and 1nc1ud1ng information used te

¥ :ldentlf? the locatzon of that chapter. its name. the drfferent
1formats of MPEG and audro compresalon exhlbzted by the 71dﬂ° and
::audlo data recorded An that chaptera and the locations in *“hat

__:chapte: at wh:ch repreaentatlve vxdeo prctures (useful for qu;ck '

_ display) are recorded._'

The error correotion eode used with the present

znventron preferably 15 a leong dlatance code havrng at’ leaat

:e:ght par;ty symbols._ ECC. technrques which have been used-
*heretoiare have relied upon so-called short dietance codes 1n
..whlch & block of data rs dlvrded 1nto two aub—blooks, eeoh sub-
'nblock belng assocrated with a number of par;ty symbols. such as 4 '
Jparrty-aymhols._ ‘It 15 known,,however. that 4 parity aymbc)s may
'be used to correct 4 date'sgﬁbols; and'if 4-data symbols in each

-aub-biockuere erroneoue. the total_number-ofhs erronecus déta
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r symbols can be corrected. bﬁt, if one sub-block'contains's_

| erroneoua data aymbols.,whereaa the other sub—block contazna 3
:~erroneoua data aymbola. use of the ahort dlstance code may be
.feffect:ve to correct only 4 data aymbola in the one aub—block.
.fthus permitt;ng a total errcr correctlon of . 7 data symbols.. But.
-'_Q;n the 1ong dzstance code, the block of data is not sub—d1v1deds_
:aﬁd as a resu t. al’ ] erroneo da aymbols *f pree=n- anzthe

Z.Long d;atance coded data. can. be corrected.__

| As another feature. the RLL code that is used .

'preferably converts 8 bltB of znput data 1nto 16 bits of uata for
..recordlng (referred to aa 16 channel bltB) thh no margin kits
: :-. prov:.ded between aucceaa:l.ve 16-b1.'l: symbola. | In RLL codes used
}heretoiore. 8 data bits are converted 1nto 14 channel blta and
:ithree margln b;ts are lnserted between successive 14-b1t cymbols.

-"Thua. the preaent anentlon achlevea a reductlon in redunouncy..

The follcw;ng detalled descrlptlon. glven by way: of

"example and not zntended to l;mlt the. preaent anentlon aorely _
.theretc, w111 best underatood 1n conJunction with the .

,accompanylng draw1ngs in- whlchs_

' Flg. 1lis a block dzagram of the preferred technrque by

whzch optlcal dlBkﬂ are made Ln accordance wuth the preaen?

Plg. 2 1s a block dlagram of apparatus anorporaied in .

-f the preaent lnventlon for reproduclng data from the opth?- d;ak
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"that haa been made. in accordance w;th the techn;que shown in Fig

Flg. '3 is a schematzc repreaentatlon of. the recordzng

"1areaa far the diek made by the technaque shown in Flg. 1r

Flgs. 4A and 4B are -schematic repreaentatlons showing

h--the record;ng areaa of F;g. 3 1n greater deta113

Fag. 5 is a achemat;c repreaentat;on of another tormat _ f

S of the recording areas.

Fig. ‘6 ims a schemat;c representat;on of st;ll ancther

format of the recordlng areas. h

Flg. 7 is a: schunatzc repreaentatxon of yet another

fformat of the record;ng areas}

| Flg. g ias. a tabular repre-entatzon of a port;on of the

'-1nformatlon recorded -An the ‘Toc reglon of the dlak:

Flg. 9 ia a tabular representatlon of another portion

- of the data recorded in the TOC reg;ons_

| Figa. 10a and 1OB are schematic representatlona of a'

.;sector of data recorded on the disk;

Flga. 11a=11E are tabular repreaentatlons of dlfxerent

'ftypes af aubcode data that may be recorded in a aector::

» Fxg. 12 is a ‘tabular. representataon of copyrlght data -

. that may be recorded as subcode 1nformatlon 1n a sector.

Flg. 13 is a tabular representatlon of applxcatlﬂn ID

'“}:infcrma kion that may be recorded as the aubcode Lnformatlon in a

- sectors.
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_ FLg. 14 is a tabuler repreeentatlon of time-code’ data

,fthat mev be recorded ae the subcode information in a sectoy

Fig. 15 is a tabular repreeentat;on of p;cture—tvpe

'-data trat may be recorded as the subcode information in a. eector:

L Fig. 16 is a tabular representatlon of ECC type data

- that ‘may- be included in the Toc 1nformat1on recorded 1n thﬂ Toc

,reg:one. -

Flg- 17 15 a echemat;c representat;on of one frame of

'-jerror:correctzon encoded data,t dentlfled as acl code werd._ '

‘Fig. 18 is a. schemat;c repreeentatzon of the long '

dfidistence“error correction code format used with the.presenc '

Fzg. 19 ie a echematlc repreeentation of a- ehort

dletante error correctlon code formet that could be used w;th the

';__preaenr 1nwent1on.

Fig. 20 is . a achematic representat;on of the aequential
order of rearranged data symbols after those symbole have been

l

f_- _played back from the d:.ek.

Fzg. 21 is, a echemat;c representation of a sectmr of :

edata tnat has been error correction encoded;

. F;g. 22 is a echematxc representatxon of a block code
of error'correctlon enceded data in the long dxatance foruat-

Fige. 23 is a achematlc representatlon of a block code
i

. of error correct;on encoded data in. the ehort distance fhxmatv
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'rig; 24'15 a'cchematic representation.of a'atring of

': data aymbols exhlbltlng EFM modulat;on-

Fig.: 25 18 a flowchart expla;n;ng how marg;n bits are

_ selected m the EFM modulated data shown in Fig. 243

Flg. 26 is a block dlagram of an EFM modulator tnat can

"'be used to. produce the data string shown in Fig. 243

Fig. 27 15 a achemat1c representat;on of a frame of EFM-

. modulated datas

Fig. 28 is a table wh;ch explalns how marg;n b1ts are

'.selectod/inhlblted when form;ng the str;ng of EFM data shovn Ln

Flg- 24r

rigs;rzsapésn are’éxplcnatory'waveform31which,axa.'

- -useful in understandlng how margln bltﬂ are selectedr

. Fig. 30 LB a block dlagram of a modulator that w2y be

.';used wlth the present 1nventlons

Flg. 31 is a block diagram of a demodulator thac may be

p,used'w~th the preaent anentlon.

Plg._32 is a block d;agram of apparatua whlch may be

‘used to supply data for the recordlng technlque shown 1n Fige 1s

?19. 33 is a block dlagram of data recovery apparatus

':that may be used with the playback apparatus ahown in Flga 2F

: Fzg. 3¢ is a schemat;c representat;on of a format of

"'.the recordlng areas ahowzng use of the optical dlﬂk as a U'VD and

also as a CD-ROM. w1th user data belng recordad as chaptets of,

: for axample. v1deo programa. and w1th appllcation table of -

GO BR/TSNAE 3 .10

o tHasBeenReﬁaced

il

- Recelved Tlme _ 14 Mar 15:82...0 ;,Print:Time_;;_;14.Ma%;16129_“J,f;;;__;___



i

C.195-@3-14 - 17:82 SONY FOREIGN PATENT +81354483063 ) . T-515 . 11745
&lﬂls.lhrrukhlmiltI(ZlZ)MIZ : . " . LT L o N X oa'uaga
Irlb'hﬂﬂmﬁmLmaﬂllﬂﬁuﬂmuﬂmﬁ“MMB I . : .Iu!nf
: -PATENT
450100—3193

© O N ! A WM M

B T S N T N S X S S P T T o T TR
R R~ - S N " B U P N T O T

| BOPBMR/NLRMER | . 1

f_'disks'

_'Flg. 40:

rcontenta (AEOC) data related to those chapters bexng recorded in

. the program area of the dlSkF

..Fig. 35-1:.3 tabular'representatlon of ATOC 1nfoxmat10n :

" recorded in an application TOC,reglon 1n the program area af the

. Fig 36;_iﬁ-e,yabular.representatien'of the'"disc

' information® shewnfin Fig._35ﬁ3

"Eiga.37 is a:tebuiar}representatipn-of‘the_'chepter

'1nfornwtron” shown zn F;g. 35._

Flg. 38 18 a tabular-repreeentation of the "name field'

' shown in Frg. 35;

Fig. 39 is a tabularfrepresentatlon of the  *pool of -

stream parameters‘ shown in F;g. 35;

Flg. 40 . 15 a-tabular representafien of the "pool of
entry ;ornt 1nformatron" shawn in Fig.- 353 - |

Fzg. 41 is a tabular representatlon of each stream

.-_parameLer fzeld anluded 1n the pool of stream parameters ;hown

_-1n Fig. 395

FLg. 42 13 a tabular representat;on of each entLr po;nt'

_'field ncluded in the pool of entry point Lnformatlon show: in

Fig. 43 is a tébuler repreeentation of the stream-type7:

’ _¢atg th;t ﬁay be recorded in each stream parameter field ahown in

Fig; 41; and
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Tsija | F;g. 44 15 ‘a tabular representatzon of the chapcer

| 2'-. categwxy data that may be recorded 1n the chapter znformetxon

'3 field whown in Fig. 37. |

_'Sg. The precect invention records different types oﬁ data

6 - on an optzcel d;sk. preferably for use as a CD-ROM but elro :e

f:if. edepted for use ea a digital vzdeo dllk (DVD). Such data may be

_.8" f11e data or applmcetzon deta to be used by a computer. o 1t mey

-9 -compr:ae v1deo data Whlch aometlmes is referred to herelr as

iio_:!_motxom picture data: which xncludea lmage information and “udlo

.11-*”_Lnforu¢tlon and whmch preferably is compressed in accordange wwth

120 rthe verious conwentzonal video data compresa:on atendards or_'

131'_eformata_euch as those_kncwn-MPEG-l. MPEG-z. or when at111 vzdeo

-14_.e_picturas'ere-recoraed,VJPEG. It w;ll be appzeclated. therefore.'

';5t-ftthet the 1nformatlon on the d;sk edm;tl of 'multzmed;a‘

16 egpllcetions. | | ' |

17 | - Before deacrlbzng the technlque used to record date on

is:' the opt;cel disk, a brlef descrlptlon ia prov;ded of the a;sk '

:19p. j:.tself. The physlcel parameters of the optical disk used w1th

20 the present 1nventzon are qulte s;m;lar to the conventzonal aud;o

21 prD: and for th;a reason. a draw1ng flgure of the disk is not )

'23 ”-prov;ded _ Nevertheless. it will ba apprec;ated that the "1ameter'

23 B of the.ersk 15.140mm_orrless. preferably 120mm or_135mm. Deta is
"recorded in.trecks. End*will be described in greeter detaii;-. ‘
-_hav1ng a treck pltch in the range between 0. 646pm and 1.0Zum, and_.

N
m .

”Tj,enawmnmoan"f- B | 12
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pmefexably 1n the ‘range of o 7 to 0. Qum. L;ke audio CD data. the
data recorded on the optlcal dlsk is in the form of embosaed pmts.
-hav;ng a linear density in the range between 0 237ym per bit. and

0. 387pm per bzt. although th;s range could ‘be Ln the range: of

: l-o.3pm to.o.Apm.per-bzt. Data 15 recorded in that portzon of the

'dzsk hav;ng a radlus from 20mm to 65mm. The dlsk._whose,*

th;ckness is 1. 2mm 0, lmm. 1s 1ntended to be drlven for a

'i playbeck operatlon such that ;ts llnear velocity is in the range f.

l of 3.cm to: 5.3m per second.c.'

. As a result of the’ llnear densxty and t:ack pltoh of

'-zthe dlsk. 1nformatlon is optzcally read from the d;ak by = p:ck-r.

p head whlch pro;ecta a light beam of wuvelength A thzough a

1;lene hgv;ng:a numer;cel_ape;ture NA such that the pro;ectﬁd-beaﬁ: t
" 'exh.itits' a spatial frequency £, where £ = M(2WR).  The 1£ght B
l‘source for the optlcal puck-up preferably 1s a 1aser beam whose
“f_'wave length 13 A= 635nm. thla laaer beam belng pro;ected through |
r;a lens whose numer1cal aperture ia NA = 0,52, reaultlng in the

-spatial freqnency 2= 611nm._'

Typical examplea of the physlcal parametera aseccxated

_fw1th the optlcal disk are as follcw;ng:

' D;sk.dlamgter-=-120qm.
L P#Ogtam o:ee =.23mm.to-58mm.
-Track pitcho='0'84pﬁ. l B
L;near denslty = 0. 307pm.-.-'

.This xvaults in a data storage capaclty of 4 4Gbytes.;
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cne proposed structure for recording data on thn _

ioptzcal disk is known as the EFM Plus frame (EFM refers to elght-
'to-fourteen modulatxon). _An_EEu.Plua frame is formed of 85 data

' _:symbols (each symbols is a 16-bit.representation c: an 8-bit

byte) plua two ﬂynchronlazng symbola thus conslatlng of 87 16-b1t

.,symbola. One sector is comprlsed of 14 x 2 EFM plus framns.
- But. the amount of ueer in:ormation that is present 1n a aector.

'fthat 15. the amount of Lnformatlcn which contalns useful data and a

thus excludes sector header lnfoxmatlon. error detectxon code

'(EPC) Lnformatlon. et cetera. is 2048 aymbol-. Accord;ngly. the

;'efflcaency of the EFM Plus fcrmat may be calculated ass'

- {2048 8,15)/(57g$-16 x.14 x 2) = 10.8407.

':Thet i%. the_efficiencylof the-EEu Plus format ie'aporoxiéately _
" 848, which means that 843 of all of the data that is recorded in
' a'sect;r.is useful'date..-wherefore; if the storage cepecity ofﬁ
"the oytxcal dmsk is 4. 4 Ghytes. as mentxoned above. the anount of.

" user data that can be’ stored on the dlsk is 84% x 4.4 Gbytes =

"'3 7Gbytes.

' 0f course. if the track pltch is varled andlor 3 the

l'11near dens:ty of the emboaaed pits is varied. the atorege

. capacity of the disk 1ikew15e is varied., For example. if the :
- track p;tch is on the order of about +646um, the storage n,paclty
',;of the d;sk may be on. the order of about’ 6 sebytea. whereaa if
__the track pitch is on the order of about 1. 05pm. the storage

L capacxcy is on the order of about 4. ZGbytea.' As a practxcal

I3
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;mattez. however. the spatlal frequency of the p;ckrup bean -

deterwines t he minimum track pitch and mlnxmum llnear denﬁzty
becauee 1t 15 desirable that the treck pmtch be no less than the |
spatlel frequency of the plck-up beam and the lxnear dene.ty be |

_' no less than one-half the spatial frequency of the plckr“p beam.

When compared to the audio CD, the 11near densl’y of

v

*fthe recorded data. of the optlcal disk used in the present
-lnventeon is approxzmetely 1. 7 t;mes the llnear densxty ot the
{aud;o LD and the record;ng capaclty of the optlcal disk umed Wlth_ C

the prnaent lnventlon is approx1mate1y 5.5 times the reccrd;ng

cepaclty of the audio CD. The optzcal d;sk of the present:

“elnvent“on 1s drrven to exhibit a linear VelOC1ty of approxrmately_T
f_four times the lineax veloc;ty of the audlo cD and the data
 _transfer rate of the optlcal disk of the present inventio:n is

o epprozmmetely 9 pra. uh;ch ia about aix t;mes the data tiransfer

rate or the aud;o CD.

Wlth the foregorng in mind, reference is made te- Fig. 1

. whlch i3 a block d;agram of the technxque used to make an optlcal'

;”dlsk of the type that has just . been descr:bed An anut +=rm1ne1:

__r_121 is suppl;ed w1th user data to be recorded. thlB deta he1ng

o
-

'ﬂformed of,.for example. mult;plexed video and aud:o znformatlon.
'_tltle data and sub-Lnformatlon luch aa, but not limited tu.’

_computer_fmles.:character.data, graphlc information, et cecere._,"

| The dsta supplied to input terminal 121 is produced by the

'. ma,mmos.u-p R o ' 15 )

' 'apparatus shown in F;g. 32 and w;ll be described below.
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The user data is coupled to a change-over sw1tch 124

'-fwhlch also is adapted to rece;ve table of content (ToC)

f.Lnformatlon aupplled to the Sw1tch from an input term;nal 122 v:a.-:
'a TOC encoder 125. The Toc 1nformatlon identlfles various.. _

- parameters of the dlSk whlch are. uaed for accurate reproduct;on'
of the-ucer ;nformatzon recorded thereon: and-the ToC 1nfcrmatlon:

also. 1ncludes data related to the user information per ge. such
'-as lnformation that is helpful in rap;dly accessxng ‘the user
flnformation recorded in partlcular tracks. The etructure of. the _

_ Toc 1nformat1on is deacrlbed belcw.-_

SW1tch 124 selectlvely couples user data supplzed at

_;1nput terminal 121 and encoded TOC data supplied at input
' _termlnal 122 to an error detectlon code (EDC) adder 127. Ae will

be descrlbed Toc 1nformetlon 1s recorded on- one portlon of the .

disk and user data is recorded on another portlons ‘and. cw:nch 124

“Tdaelects e;ther the Toc znformatlon or the user data at the

R fappropr;ate tlmes.. As w111 be descrlbed below in con:unctron :

’-dw1th. fcr example. Fig. 21. the error detection code is added at :
ithe end of a .sector of user data or TOC informat:ona and adder

'd127 serves to produce the error detectlon code after a sector. of B
‘data hag been received and.then adds the error_detect;on cude to

 the end of the sector of data. In the preferred embodiment, a

:;.aecfor isrcomprised of.2048:bits"o£ useiul’datel plus parity
_Eytes. plus aector;headerfdata. plus_a.humoerzof-'reserved“

' bytes- plus the EDC code, .
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eector header adder 128 is adapted to add a scctor

i_header to each eector of ueer 1nformetion supplied theretc by way .
. of EDC adder 127. Ae w1ll be deecrlbed belcw in congunct;on w:th

"FLg. 10. a sector header anludes a eynchronlzxng patterr. and

1nformetlon ueeful to rapldly rdentlfy access the eector. Such

'1nformet10n. part;cularly in sectors conta;nlng user data,

: anludpe subcode informetlon whlch is coupled to the aectcrl
) header adder. hy way of a sector header encoder 129, the latter
'.operettng to encode ‘subcode lnformatron suppl;ed thereto hg way

. of lnput termznal 123. Such subcode Lnformetzon is generated by
;~a eu;table ‘aource and. as wxll be deecr:bed further below in
"'conjunctlon with F;g.-ll.r is used to provide helpful 1dent-£ying.
;and control rnfcrmetlon related to the user data that is recorded

on the diske. For example, the subcode 1nformatzon 1dent1f~ee the o

track number in whrch the sector wh;ch contains this subcode

o informet;on lB recorded, copyr;ght menegement Lnformetlon whlch

. determines vhether the data reproduced from the disk, such as
dv;deo data, may be. copzed. applxcatron ID lnformetlon whlch
*tde31gnetes the part:cular user-appl;cat;on for the data recorded

'.frn the - aector. time code data which represents trme informetieon
.e et wh;cn the user deta is . recorded. and Lnformetlon relating to

't.videc plcturee that may be recorded on the d;ek. such as. the
:”dretance.'or eeparatron. between a video p;cture recorded in thrs
.;eector and the next-followxng and the next-precedlng vldeo '

';prcturee. A.eystem controller 110 controle eector heeder encoder
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"129 to make certaln that the proper subcode information and other

sector header 1nformetzon (as shown in Fig. 10) is placed in the

-proper date 1ocat1on for proper recording Ln a user tracka-

Ueer data. anlud;ng the aector header added thcreto by

. _reason' of eector header adder 128. is sub;ected to error .

- jcorrectlon encodlng carrled out by an Ecc ciICUIt 132 in

f:combznntlon with s memory 131 and a-memory control eect;on 133,

7__the'ia.ter belng controlled hy lystem controller 110. An exampie

of ECC encod:Lng that may be used w:.th the preeent :anent:mn.
fsubjecygto modlflcatxon 8o a8 to be eppllcable to the dats

. recordad on the optical data, is described in United states

' Reissue Patent Re 31,666. lIn one embodiment'of.the preeent

invenfion.-the-Ecc'encoding produced by circuit 132 is

' .cenvolurron coding and 13 descrlbed rn greater deta11 below in
'-frconJunwtlon with Flg. 17. It is euff;clent for an understanding
: of Fig. 1 azmply to po;nt out thet the Ecc encoding aeeembuee a.
.dfreme of data bytee ox eymbols; referred to as a €2 code wmrd

_':;formed of. for example. 116 bytes or eymbole. and generates c2

'parlty mytee as a function of a respectlve data byte or synbol in.

a predetermzned number of C2 code wordl.: For. examples if the

 data bytee or symbola in each C2 code word exhrblt the sequence

1, 2, . « & 116. a c2 parrty byte. or eymbol. may be prodused by
ccmbxnz;g byte 1 from c2 code word cz1 and byte 2 from C2

:Another c2 par;ty hyte may be. produced by combxn;ng the thmrd
fnyte of C2 code word cz3 and the fourth byte Of C2,. In this
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techn.quer and as an example. 12 such c2 par;ty bytes are added
to the €2 code word C2,,- even though such c2 parity bytes relate

 to data bytes 1ncluded Ln other c2 worda. Then. €1 parit; bytes -

'l'are generated for. the c2 word (such as c21) to whlch has been

-ladded the c2 par;ty bytes.'reaultlng in what 15 referred herein

as a Cl code worxd (such as Cl,). 'The resultant Cl code word,

;“consxssang of 116 data nytes, plus 12 c2 parzty bytes. plus g Cl

_lparxty bytea 1a stored in memory 131.

. The sequent1a1 order of the data bytes in the cL code -

words mtored in. memory 131 1s rearranged by, for example,ﬂ

udelaylng the odd hytea so as to. form an odd- group of data bytes
__and an even. group of data bytes. ~Since each group consista of
":"only one-half of the data bytes included in the cl code wozd, an _.
i} odd group of- data nytes of one c1 code word' is combined'wzth an
j;even group of data bytes of the next-followlng cl code worud, thus
uformang a dlsarranged order of bytea. Thls dlsarranged order
r-lmproves the. buret error lmmunzty of the Ecc encoded data.f The
‘:.dzaarranged order of the ECC-encoded bytea is supplled from
.-memory 131 to a modulator 140 which, preferably. carrlea out 8=
jto—15 modulatlon. although 8-to—14 (EFM) modulatzon could he

'lueed. 1£ des;red.

Memory controller 133 suppllea to memory 131 the

_fnecesaafy read and wrlte addresses to enable the generatlon of

- - the c2 parlty bytes in crOS--interleaved form and also to
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’-rearrange the sequentxal order of the data bytes into the

aforementzoned dllarranged order.

In the preferred embod;ment of the Ecc encoding

._technzque. a 1ong dlstance code. also knoWn as. the L fOIMMt. ia

y uae. The L format results in'C1. code words that are arranged as
~“shown in Fig. 18, described ‘further belcw. If desired, the ECC-

: encoded .data may exhibit a short dlstance code or.s formai. such-

" as is dep;cted in: Fzg. 19, deacrlbed below. ' Depending upen | |
-whether the L format or the S format is selected. system ;
.controller 110 controla memory controller 113 such that the read o
- and wr;te operatlcna of memory 131 permzt the data bytea to be

ECC encoded in either the L. format or the S format.

Mcdulator.qu serves to converts 8-bit bytes supplied’

'fthereﬁc frcm hemory-131'into 16-bi£ ayﬁbols. ‘Each symbol i run::
uhlength llmlted (RLL). as will be descrlbed It will be

.apprec ated that. by generatxng 16-bit aymbols. the accumuLated
rdigital sum value (DSV), wh1ch is a function of the run 1ength of

"f the - d;gltal slgnal, that is, the numbar of consecutlve 08 or the

nnmber of consecut;ve 1s.'15 llm;ted to perm;t the DC compmnent

- which is produced as a functxon of such consecut;ve 08 or .is, to
frema;n-at or clcae to 0. By auppreaszng the. DC,. or lower | |
-f rfrequency component of the dlglt&l signal that ia recorded

']errors that otherwise would be present when that dxgltal smgnal-

is reproduced are m1n1mlzed.
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1 o Mbdulatcr 140 thua produces a record:ng algnal whlch 1s_
2 coupled to cuttlng apparatus 150. -Th;s apparatua-ls uaed to make
:3‘ 'tan original disk from'whlch one or morn mother dzska may ke

Y 'produved and fram whlch coples may be stamped for d1etr1hztxon to .

5 end uuers. That 15.1auch atamped dmaks conatztute the cn ROMs.
_6" ' -In one embodiment. the cutt;ng apparatus zncludea an
"7 -i;electro-optlcal modulator 151 wh;ch rel;es upon the so-called

B Docke.ln eftect to modulate a ngnt beam that is uaed to "usut® an

_ 9 or;g;ual diek. This or:glnal disk is used by a mastering

:io dapparatus 160 to prcduce a maater of the-orlglnal disk. The

11 atering'apparatus elzea upen- conventlonal technlques. nuch as

12.pf'develepment and vacuum deposztxon. to produce a plurality of

:13 "u-mcther dlaka-e Such mother dlaka are-uaed in stampera whlch
14  t.ejectiaa mold copiea_that aubsequently-are packaged and. o

15 distriputed. Blocks 171 a:'zdi')z in Fig. 1 are intended to
16_: -represent the 1ngectlon moldlng and packaging apparatus in.

,17f"imanufa¢tur1ng auch digks. The completed dzsk is deplcted as dzak

18 100. |
1§ | The techn;que uaed to raproduce the information-

’20: recordnd on optlcal disk 100 now w1ll be deacr;bed in conjanctlon '

21 iewuth the blcck dlagram ahown in Fig. 2. Here, the disk is |

.22 j-optzcaely read by an optlcal plckup 212 which projects a lxght

23 ” beam., euch as a laser beam havzng the spatlal frequency 2= xlana;_'

24 dthzs beam berng reflected fram the disk and detected by a

LV

conventlonal p;ckup detector. - Phe detector converta the

_ms.mnm.nr S 2
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'reflected llght beam to a corresponding electr;cal 31gna1 which
| is aunpl;ed from pickup 212 to a waveform equal;ser 213 and .

thenc» to a phaae locked loop clock. reproduczng circuit <14 and"'
to a %emodulator 215. Transitlona 1n the recovered electracal

sxgnal are used to aynchronlze the phase locked loop to extract-

.c"thereﬁrom the clock SLgnal which was. used to record data on the

' f_dlsk. The extracted clock is coupled. to demodulator 215 which
_performs RLL demodulat;on that is descrlbed in greater detall
cbelow in congunctxon w:th Flg. 31. Sufflce 1t to say that 1f
dats is recorded on disk 100 as 16-bit symbols. demodulat:or 215.' |

--11=_fddemodm"atee each 16-bit. symbol to an: 8-bit symbol or a byte..

The demodulated data’ reproduced from disk 100 Ji

jfsupplnmd to a rlng buffer 217. The clock signal extracteu by

| phase Jocked loop clock reproduc;ng c1rcu1t 214 also is svpplled
'.to ths rlng buffer to perm;t the 'clocklng in® of the demcdulated . |
_data. The demodulated data ‘aleo is supplzed from demoduJ&oor 215
- to a aector header detector 221 which functions to detect and

osepare e the sector header from the demodulated data.

Ring buffer 217 is. coupled to an error correctlng

circulg 216 whzch functions to correet errors. that may be present o

. in the data atored zn-the ring buffer. For example. when data 155 -
3'recorded in the long dzstance code formed of, for example, C1 |
;code words, each compr;sed of . 136 symbola includlng 1186 symbols _'
:.representlng data. (1.e. Cc2 data). 12 aymbols representlng “2

-par;ty and 8 symbols repreaent;ng 01 parity, error correctang
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circu;t 216 first uses the cl par;ty symbols to correct errors

that may be preaent in the c1 word. A corrected c1 word is
' rewrltten into rlng buffer 2173 and then the error correcting
CLrQULt uses the c2 parzty symbols for further error corrﬂctlon.'
_ Those data symbola whroh are subjected to further error |
:; correctlon are rewrrtten 1nto the ring buffer as. corrected data.'
Refermnee is mede to aforementroned Relsaue Patent RE: 31 665 for.

en example of error correctlon.

VOO N R W A W N

In the event that an error 1n the sector header is

-
o

 sensed, error.correct?ng_circult-216 uses the Cl parity symbols

to eorreot tbe sector header, and the'corrected sector heeder is

-
L

rewrrtten rnto a aeotor header detector 221. Advantageoualy. the

=
N

13 c2 perrty symbole need not be used for sector header errc::

14 | correctlon.

e15r'.; oo ag ment:oned above. the anut data symbola aupplred
d.16ei four error correotron encodrng exhibrt a grven sequence, but the
'e.17; | error eorreot;on eneoded eymbols are rearranged in a dszerent

_18.?. sequenee for recordrng. In one arrangement. the odd and even

19'.: symbola are separated and the odd symboll of a. Cl1 code woxd are
20  recorded in an odd group.uhrlezthe.even eymbols of that C1 oode
'21t-- word are-reoorded in an even grOup. Alternetiuely. odd and even

22 b_ aymbolﬁ of dlfferent Cl code worda may be grouped toqether for

.23 record.ng.- still further, other sequentlal arrangementa may be
_.24: _ uaed to reoord the data. During playback. error correctlnq
1 orrouit 316 and ring buffnr 217 oooperute to return the recovered ‘
o mlazua.»p | S 23 o '
. coo T Thls Sheet Has Been Re
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'"ldata symbols to therr or;g;nal. grven sequence. That 15,_the :

:{fdats symbols may be. thouqht of as being recorded in a disarranged.
lorder and the combxnatlon of the exrror correctzng c;rcult and

f:ring auffer operate to- rearrange the order of the symbols ;n a c1 ;l

| .code word to its properly arranged sequence.--

“Brror corrected data stored in ring buffer 217 is -

='c'ol:apil.e.c_i to'error_detectinezcircnit-222_which uses the EDC“oits

added‘to the recorded data'by EDC adder 127 (Fig. 1) to detect an

;'uncorrectable error.: In the event that dsta cannot be corrected.

EDC detector 222 provrdes a suitable indicstlon. such as .in error

flsg n a pertlcular uncorrectable byte or an ‘error flag an an

' f.uncorlectable ¢l code word. and the error corrected data, either
_with <r w1thout ‘such error flags. as the case may be- LB noupled

to output term:nal 224,

In addltlon. Toc 1nformation that is recovered Mrom

216 anﬁ error detected by EDc detector 222. is coupled to a Toc

- memory 223 for use 1n controlllng a data playback operatlpn and
.for permlttlng rap;d access to user data." The TOC lnformmtmon

,jstored in memory 223. as well as sector lnformation separvted:

from the reproduced data by sector header detector 221 are

”couplei to a system controller 230.' The system controller
-reaponds teo- userbgenerated lnstructlons supplled thereto Ly a
fuser 1aterfsce 231 to control dlsk drlve 225 80 as to access

__deslret tracks: and desxred sectors in those tracka, thereh3

e 24 |
Lo T o asBeen Reflaced
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.i - reproducing user data requested by the user. Por example. the
.'2 d. TOC 1nformat1on stored in TOC memory 223 may 1nc1ude date

-_37'”'repreaent1ng the 1ocat1on of ‘the beg;nn;ng of each tracks and -

: 4 Vtsystem controller 230 responds to a user-generated requent to
. 5. acceas a part;culsr track to control disk drlve 225, such that the :
_sf :trequeated track is located and accessed. Partlcular identlfylng

7; _;Lnformatlon representlng the data 1n the accessed ‘track mmy be -
.8j;l:recovxred and supplied to system controller 230 by sector heeder
-'9"_'detector 221 so that rapid access to such data msy ‘be echueVed.

_ldf;r'A further description of the Toc lnformatlon and sector'

il' “lnformstzon useful for controlllng the disgk drive in the-manner
lif broad y mentioned abcve is dzscussed in greater detail be oW

13 It will be apprec;ated from the ensuing- dlSCUBﬁron of |
14- : Fxgs. 10 and 21 that sector header 1nformatlon that is removered
15_: .from tte.drsk-may bezerror corrected by using the C1 parray

15" “symbols_inclodedliﬁ-the'saﬁe-C1jcode'word as-the_sector.header;
17 There is'a high probability'that any'errors.that may be pweseat
'18-:d'1n the sector header .can be corrected by using the Cl parity
-19'-- symbola only. Sane a: c1 code- word containe c2 parlty syubols '

. 20 1that are. generated from the data symbols 1nc1uded in different C1 .
21 code words. sector znformatlon is quickly detected qulcklx by not
22 waltlng for all of the €2 parity. ‘symbols to be assembled 1efore

) correcting the sector header. Thus, posltron information: of a '
24 7_sector, whlch is 1ncluded in the sector header as a sector

25 f address, is detected, thus fac;lltat;ng rapdd access to a deslred

- “l;,mlmq.m s
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aector, Thzs ia to be compared wzth a conventlonal CD-RQM
where‘n'aeotor header ;nformat;on za 1nter1eaved in aeveral cl

code ﬁorda. thus requzr;ng the recovery and error oorrectlon of-

' all of: those C1 code words before the aeotor header data 2an be

'aseemlled and 1nterpreted.

Flg 3 is a oohematzc representat;on of the mannexr Ln 3

whlch the reoordzng surfaoe of - dlsk 100 ie d;v;ded into separate
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areas, referred to as the lead—ln area. the pnogram area and thei-;'

1ead-eut area._ F;g.-a also 1dent1f1es the lead sector addressee

.'of the- program area and the lead-out area. In the 111ustrated _

e"embodzment. the sectors znoluded in the lead-in area exh:hlt |
‘negative sector:eddresses_ending wlth-the seotor.address w1
:which._in hexadeoimhl.notation'is=Oer?FFf.' The sector address

- of the fxret seotor 1n the program area is’ ldentlfled as :ddress'
50; As 1ndlcated. the length or- dnrat;on of the program area is :

B dependent upon the amount of data reoorded thereln and, thus, the

f; addreass of the laat eeotor recorded in. the program area ia

varieble. It. is appreclated. therefore. that the first sector

'addreea of the lead-out area is varlable and 1s dependent upon

_ the length of the program area.* |

One embod;ment of the d;sk conf;gurat;on shown broadly

'o;n Frg. 3 is sohematloally 111uatrated in Figs. 4a and 43.3 Here.'

the Toc reglon. which is oomprlsed of one or more TOC tracks, is :

dlaposed in the 1ead-1n area and TOC informatlon is recorded in

sectore 1dent1f1ed as =32 to -1 (Plg. 4a). Theee 32 -eotere of

'm.wu;m,a.z.ur S 26
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;TOC Lnformatmon occupy a. flxed pos;t;on. such as a s1ngle Toc
_track,-in the 1eadein.area._ In Fig. 4B duplicate TOC regmons are |

disposed in the-lead-infaree. together-with other,data that may._

be used for different pﬁrposes.'eThe prOgram area'ehown in Figs;
4A and 4B ia comprised of N tracka. Hhere N is variable. The

sector addresa of the first. track of the program area 1:

"1dent1f1ed as address Oz and the total numher of tracks 1aﬁluded

in the program area. is dependent ‘upon the amount of 1nformatlon

'stored on the d1ak. and slnce the. number of aectors inecluded in

~c:.each track llkEWISe is varlable. the sector addresles of he lead

sectorm of tracks 2, 3, cee N are var;able.' Of courase, the. 1ead— :

| '_out azea ‘commences after the Nth track is recorded.

In one embod:ment. the data recorded on a given dlsk

mey admlt of d;fferent applzoatlonn. However. lt is preforred

- that all of the data recorded in a respectzve track adm:t cf the

- same appl;cat;on.-

Flg. 5 111ustrates ancther d;sk configuratlon wherein

'_Toc 1nformatlon is. recorded in the lead-zn area frcm, for

. example._sector -32 to sector -1. as was the case 1n Flgc 4. and

a copy of the TOC 1nfcrmat1on is recorded in the program area.

VeIn the. example shown 1n Fxg. 5. the copy of the TOC 1nfo»wat10n

o is rec>rded in at least one track whose lead sector is, for :
3_exampli. sector number 1024. Sane the size of the TOC region ls.
:]flxed at 32 sectors, as will be descrlbed the last sector of the '

:ccpled woc IEQLOH 15 seotor 1055; and the lead sector of tne

. l .
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next-following user data track is identified as sector 1056. ‘One

. xreason for providing a copy of the TOC information-in-the program'
'3.area in that some computer appllcatlonn do not easlly reo@gnl:e
'jdata lecorded 1n sectors hav1ng negat:ve addreeses (such as

]sectors -32 to =1 of the TOC. 1nformatlon recorded 1n the 1nad-1n

'still another embodiment of“the data configuration |

“1recorded on the opt;cal d;sk ;s 1llustrated in Flg. 6, wharein

-the Toc reglon is prov;ded in the program area at sectors O to

31. Here. the recording of. Toc Lnformatlon in the program area

.dlffers from the record;ng of TOC ;nformetlon 1n the program area

of F;g. 5 in that ‘the: ?ig. 6 arrangement does not anlude a copy

of the Toc lnformatlon.' Nevertheless. since the TOC 1nfetmat1on
-'15 rerorded in. pos;t;ve sector addresses 'in Fig. 6. the _
fposslhility-of-m;srnterpretat:on due to the dlffloulty of

.,_reeognzs;ng negatrwe ‘sector addresses by a oomputer is obvlated._

| In the embod:ments of Ezgs. 5 and 6 wherein TOC .

”-_znfornetmon is recorded in the program area. 1t is appreeiated

| that - the TOC regzon is segregated from data f;les which ave .

part;uularly relevant to the. oomputer w1th whlch the optzual dlsk |
is to be used.- Fig.-? illustrates a still further example of the

data eonfzguratlon recorded on the optlcal dlsk and llluﬂerates -

.:'the TOC regmon to be located from sector address 32 to sector -
”'addrees.ds.' In this arrangement, information recorded-in eectors

-0 to il is reserved for eamputerffileslthat are.particulacly

' ThlS Sheet Has Been
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. appllcable to the computer system w1th wh:ch the optrcal a;:k is

1
| 2 '.-"to be used. Thus. J.n the embod:.menta of FJ.ga. 5. 6 and 7 where:.n
3 o 'L'OC J.r,formation is recorded in the program area. such TOC o
. 4 information is segregated from and, thus, does_ not J.nt_erfqare ‘with
.5 f:i._le system data tha£ may be recorded o_n i:he_. dis'k_. Suo_h lfile o
. 6 system data may oeeup_y..'aeveral_, sectors or:-'ls'everall tens of
-7 . sectorms and since '_l:he TOC 'informatioig is recordéd in a 'fjxedi
| 3 - number of ._se'ctor_s 80 58 to Occupy'-a-fixed' i'oc region, there ia n_o
'_ 9 ._.' '_ ._.'_:i.n't.er:ﬁ'er_ence‘ vy the__-m information w'iftlh such file eystem data.
16.' | As mentioned eboi}e.. in the oreferred embodinient TOC
1-1- . ':i.nformat-ion is recorded in 32 -'eecto'rs. Preferably. altho: :&gh not
 _12. .necese ar:l.ly. each sector 15 compr:.aed of 2048 bytes and an
i_3 . -example:e.of_ the TOC ._:.nformatn.on recorded in a TOC region is set
14 ._-out-ir:{.{:h_e following Tabie_ 1.'.. | ' |

L
o

Cpesam/neLwR .
LTI A I : oo Th!SSheetH

I ] mm Illl IIIT"I

fRuHNdTma.:JLWLI&Wz  Print Tine 14:Ma . 16:26



S 11

95;93;-14 17 .1'? ' SONY FOREIGN PATENT A +81354483663 - T-515 P.30/45

' Fron: Curtis, Marris & Safford ot I8 (212) B46-6712 | - [ POHIH 9T pu
To: ']lr Yoskiikats:. llnn at l mmmﬁmas o L _ [ 033 of 013
THIS SHEET HAS BEEN “ - PATENT
_ REPLAGED . © 450100-3193
1
2
3
4 Eiél(i ‘Name -
5. I pisc Infomat:.on o
6 Track Informat:l.on (1=-at Track) '
7 {§ Track Information (2-nd Track)
_3 8 - Track Infomatioh-'(-s_-rd; 'rr'a_ck)"
- | | .« -
10 - 7 . . N
| | Track Information (N-th Track) _ . 32
12 -~ )|Reeerveda - - __  63488-32N
.13  frorar . 65536
-'15__._ g From ‘the forego:.ng table, :.'l: is appreciated that the
16 'roc 1n:t'ormat:.on :.ncludea one aector ded:.cated to d:.ak
_ : J.nfom.at:.on, deacr:.bed mre particularly w:.th respect to ‘i‘able 2.
18:_: : and up to 31 sectora in wh:.ch track information (see Table 3) is
.19 '.recp:l_:jd_e_d. 'I'he TOC reg:.on also :.ncludes a regserved area for the .
20 - recording _of information that .ma_y- be useful in the future. In a
21 practipal adaptation of the optical disk of the preasent
22  invention, user information may ve recorded in W tracks where,
23 for example, N=256. "I‘he track information which is recorded in
"24 the TCC reg:.on relatea to the data that is recorded only ina
25 corresnondlng track. as. w111 be descr:.bed in oonjunctz.on wzth
26  Table 3. |
om0 30
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The data wlu.ch const:.tutes the d:.sk :.nformatlon

'_'recorded in the - 'roc regzon :.e shown in. the folluw:.ng Table 2

ﬂ':.eld 'Name

: D:I.Bk '.l'ype
| Reserved for Disk. size -

'Lead out Sector Add:ess

.Resexved for Writable Par_am.et_ers
Volume Number

| Resez ved for Applicat;on D stn.ngs

Iocal Language cOuntry Code -
-:I:-engtrk of D:.sk Title in Looal I.an. (-—N)

| First Track Number
| No. of Track Entry

‘ Reserved

The f:.e-lda wh:.ch iden'!::Lfy the dJ.sk J.nformatz.on are descr:.had more

part:.cularly as follwsa -
m: 'l‘h.u f:.eld. compr:.sed of 8 bytes. cont"uns a

'-character string that 1dent:|.f:.es the data atructure recordad ‘on -
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the disk;-including the data atructure'whieh is used to. rppreaenti

moc 1nformatmon. the data structure used to repreaent trask

' ﬁ_1nformatlon and the’ data atructure of a sector. .Fbr ex@mple, if
-.the eharacter strlng 13_'HD-CD001'. the data structurelre&erded
.on the d;ak 13 of the type 111ustrated in Fig. 4. the data .
-strueture used to represent Toc 1nformat1°n is as shown in Table '
:"_1. the data -tructure used to represent track znformatzon 18 as
'_shown in Tables 2 and 3 and the data structure of the seciors of,
r'for example. the user data trackn. is a® shown 'in Table 4 (to be
. deacr:bed). Dxfgerent data structures may be_;dent;f;ed by the
.”.character'striﬁg “HD-CDO002%, '-up-cboos-. etc; The partlcular

_characLer string which is recorded in this fleld is. detected hy

the rearoduc;ng apparatus wh;eh permlta proper 1nterpretatﬂon of

- the played back data cons;atent w;th the sensed data strugture.

Eiﬂk_lzalL This l-byte data identzfles the type of disk -

as, forr example. a read only diagk, a write once read many (WORH)
'.d:Lsk o an eraaab].e disk (such as the wr:.table opt:.cal dla: known

. ag@ the 'Mln;' disc).

;en:y_ed_:e;_mns__ﬂi:n This. l-byte field is used to

jident;fy the s1ze of the optzcal dlsk. Eor example. a disic
3_dLamete: of 120 mllllmetera may be Ldentlfled by a byte whose.

' rvalue is *1%, a dlsk uhoae dlameter is 80 m;lllmeters may he

identiiied by a byte whose value ig '2". and 80 on. In acd;t;on"

. OFe alternatlvely. this fxeld may be uaed to 1dent1fy the ftorage

“capaclty of the d;sk.
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Recelved Time__ 14 Mar 15:52 ~ Print Time 14 Maz. 16:28



-3

17:18  SONY FOREIGN pATENT A 481354483063 - T-515 P, 33/45

m’mirﬁrsleutquWm : - QUS55 9
mmmmmmuumummmm N [® 636 of 653
THIS SHEET HAS BEE . : B
fffif;;, 0 oaree
T : 450]00—3193 '
b mmmz_gggs, 'I'hJ.a 3~-byte f:.eld J.dentifles
2 the addreas of the fz.rst sector in the lead-cut area. . |
_ 4 ' These'two-fi;elda.. eaeh formed '. of 20 bytee. ‘store :'.nfo.tmation'
5 . which is part:.cularly useful for ez'aaable d:.ska or for wum d:.sk- :
"6: E end i not further descr:.bed hereln. _ |
7 | mmm:_ Thls 1-byte data field is used wnen
--B severul d:.sks conat:l.tute a collect:.on o:E data for a part:,"ular
' 9 appl:.catmn.. For example. if the collectlon :.ncludes 2, 3, 4,
10 - etc. d.t.aka. this - f:.eld J.dent:.f:.es wh:Lch one of those d:.ak.a is the
11 i present d:l.sk. _ - : : o - | _
12 _ m_a}_mm Th:l.l -byte :E:Leld :.dent:.f:.@a the ., -
13_' S total number of d:.sks which const:.tute the collect:.on in which
_‘ the present disk 1s included.
15 ' w Th:.s 16-byte f:l.eld is used to :.fienta.fy' '
16 B the type of :.nformation or program that is recorded on the d:l.ak.: |
17 | Such J.dent:l.f:l.cat:.on conat:.tutes the *catalog number" and is
18 - -represented as UPC/E'AN/JAN code presently used to J.dent:.fy
19 o var:.ous goods. ' o '
20 _ applic _ This 8-byt-i field
21 1.8 :.ntended to :.dent:l.fy the partlcular ugser appl:.catlon for this
2_2,', . | d:l.sl: mr*d:.um. At present. thJ.s field is not uaed. .
23 MMM This 16-byte field stores
| 24 ~ the tis “le of the d:.sk :Ln the Engl:.sh language. as represented by
:2-5' the 150646 standard. Mthough the actual title of the d:ak may

£055 AR /3193, AFP S . 33
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1 ‘be in another language. its Engllsh translatlon or a : -
_ﬁ,' correapondzng Engl;ah 1dent1f1cat1on of that title is recorded 1nf_'
.3 th;s fxeld. In other embodlmenta. the f;eld ‘may oontaxn a leaaer-
f'4-o =or greater number of bytes ‘go as to accommodate Engl;sh f;tles of -
5 f?lleaaer or greater length. ' ' o
6.‘} o WMM_ This 3-byte field is
7_. '1ntended to identify the actual language of the tltle of the '
;'B.j digk. For. example. 1f the actual title of the disk is in
'g§ Japaneae. thxs field records thel“local language oountry' as
lof_j_Japan. If the tltle 19 in French. this fleld records the 'local
o language country" ae France. -The code reoorded in thls fLeld may |
lz- 'exhlblt a numerical value oorreapondlng to a partlcular country
'l3' - .or, alternatiVely..the field may be as pmescrlbed by the £803166 h
4. - standard. If it is desired not to utilize this field, the
15 3_character str;ng reoorded thereln may be OxFFFFFF.
lé,' ' s Thxs l—byte
17 fleld 1dent;fies the nnmber of bytos that are used in the "Disk
18” 'wztle In Local Language field (to be descrxbed) to repreaent the
19 _t;tle »f. the diek in the 1oeal language. If the aotual d;sk |
29_' ltztle is’ not recorded in a language other than Bngllsh. tte "Disk
21 ‘Title in Local Language' fleld is left blank and the numerlcal '
22 :_ value of this 'Length of Dlsk Tltle In Local Language" flle 15
23 . 0. | |
2¢ Eilkm_&m;gﬂ. This R-byte field
25

rep:esents the aotual tltle of the d;sk in the local language.

8095, mluna.apr _ 34
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ﬁIt is expected that dlfferent languages Wlll adopt drfferent

standards to represent disk titlea. and auch local language

'.ltandards are expected to be uaed a8 the data recorded 1n this
. field. It is appreciated that the number of bytes whlch

' -const,tute thls f:eld is varlable.'

"!isitrﬂzﬂsk_lnnhgrr This l-hyte f;eld 1dent1f1es the:

number of the track wh;ch constitutes the first track that

f-contazns user znformatlon.' For example..lf the T0C 1n£ormation '

is recorded in a a;ngle track. and if thx- a;ngle track ru”

identified as track 0 1n the program area. then the number of the |

_traok wh;ch oonst;tutea the "First Track Number" is 1._.

Hunher_ai;:zaak_lasaisa_ Thls 1-h¥te fleld 1dent1f1es

the tctal nnmber of user tracks that are recorded It is

'_apprecmated.that~1f this field contaxns a single byte. a maximumc'
" of 256 user data tracks, that is. tracka which contain user

- information, may be recorded.

. The data recorded in the track information fielcs of e

the. TOC data shown 1n Table 1 now w;ll be deacrlbed in

'.conjunwtlon with the follow1ng Table 3z

L TUTTR L R . .3
_'.. :-.'u".- .- ¢ ' . T heetHasBeenRilaced
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cCOMNO U AWNK

._"_'Field Nen_le - )y ¥
Track Number o 1
| Bcc uype 1
| Speed Setting 1|
| stazrs sa 3
N End SA 3|
- | Time COde at start Po:l.nt 4]
'. Playing Time ' 4§
-'Meste r:.ng Date & T:Lme S o 7
) Resenred for lggglwat:l.on 1D str:.ng 8|

Tw
N

'I.'he informa_tion reeorded in each-o.f_ the 'fields which

~ constitute the track 'infor_met:i.oh of Table 3 now will be described

:Ln greater dete:Ll.

m_m:_ Th:.a 1-by-te f:.eld :.dent:.f:.es the rumber

 of the track represented by thie track J.nformatz.on. ~ Since one

byte in uaed to J.dentJ.fy the 'I:rack number. .'I.'l: is appreciatsd that

'_.a max:l.mum of 256 user data tracke may be recorded. of. co_uree. a

ex.ngle treck number is used to identify a reepect:.ve track: and

- 'no two h:'acks on this disk are J.dentz.fied by the -ame track .
-number. Although :.t is preferred thai: the Buccess:l.ve tracas are

numbere:«:l aequent:.ally. it also is apprec:.ated that, if des.red,

» soss;m/ai:::.m | 3 '_ | 36 |
N hiil‘l‘iiilffei’fieiird
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_each track may be aaalgned a random number and this random number
. is identified. by the "Track Number™ f:.eld. -

lgg_:zng; ThlB l-hyte data 1dent1f1ee the error

- correcLLon code whlch is used to encode the user data recurded in

thrs track. For example. the Ecc type mey be elther 1ong

-dlstance error. correctzon code. known as the L format. or short
_ dLetance error correctlon code, kncwn as the s format. The .

-dlffezence between the L format and the s format 18 deecr.bed -

gnggﬂ_ggﬁgigg_ Thls 1-byte data 1dent1f1es the data
tranafer rate by which date is recovered from thls track. For

examp]e..lf a reference data transfer rete is 1. 4 Mbps. the

f “Speee Settrng field may exhibit a value representlng 1 thzs
tfreference rate or 2 x the reference rate or 4 X ‘the refermnce

' ;rate or 6 x the reference rate. ‘Fig. 8 is a tabular
arepresentatlon of thll 'Speed Settzng" fLeldr and it is

. -appreclated that the date tranefer rate need not be an integral
hmnlt;ple.of the reference date tranefer rate. as repreeented ny _
'thelvaiue fFF' The byte value 0 for this field, as shown in

f_Pig. 8, represents that real t1me read-out of data is not |
"requzred It is. apprec;ated that computer data. as opposﬂd.to.

.for example, v;deo data. does not require real tlme read-out.

Hence. 1f ccmputer data is recorded 1n the track 1dent1f*vd by
the *Track Number' field in Table 3, the value of the 'Spued
Settlng field is set to 0. . o

F‘Emgam L S S
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mﬁ_amw:n_gnu '.l'hese 3-byte

f:.elds J.dentify the .address of the start aector of the track

| 'J.dent:l.f:n.ed in the ’"I'rack Number® field and the addrees of the end
Ufaector of that track. 81nce the number of . aectors xncluded Ln a

'track 18 varlable. the gtart and end sector addreases of a grven

_track are not flxed.- Hence.-theae f1elds are useful when

carry:l.ng out a h:.gh speed access operatlon of a dea:.red tracl:.

:ha_em_n_m:;_zgins_._ This 4-byte field ident:-ﬂes

‘a t:une code for the atart sector in the track J.dent:.fz.ed by the
_'"J'.'rack mmber" f:l.eld. It w:Lll be appreclated that if the user
Lnfomtwn represents v:l.deo data. -uch wvideo. data ‘may. be

recorded with convent:.onal t:Lme ‘codea and the start sector of the g

track which conta:ma such v:l.deo data .'l.l recorded in th:.s "”:.me

Code At Start Point™ f:.eld. If t:.me codes are not recorded w:Lth

- the user infomat:l.on. this f:.eld may - be lef'l: ‘blank or may I)e

e prov:.ded w:.th no data. such as the character code 0.

P.l.az ing Times This 4-byte data represents the owarall

-_playbacl: 'l:une for the program J.n:EormatJ.on that is. recorded in the
- 'track J.dent:.f:.ed by the '".I.'rack Number" :E:.eld. E‘or example if |
‘the user :.nformatlon in th:.s track is an aud:.o program, thr'

 playing time for th:l.s 'l:rack- may ' be on the order of about 10

) -minﬁtes.' If the user :.nformat:.on constitutes. compressed video

data, the playing 'I::une may be 2 or 3 or even up to 15 minutes.

unm:iu_mmm This 7-byte fleld identifies

'. 'the date and time of creat:.on of - the master disk from whicli this

cet Has Been Replaced

HIIII!\ i
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1 opticai'disk was made. 'Fig. 9 is a tabular repreaentatlon of .
.this'field.; If desired this fzeld may be replaced hy null data'

. repres@nted by character code 0.

Wm This B-byte fleld |

18 lntended to store Lnformation representatlve of the partlcular

'.uappllcatlon for Wthh the data record in the track 1dent1f1ed by

the "Track Number" f;eld is to be used. Th;s dlfferﬂ sllghtly

-'from the 'Appllcstlon ID" fleld 1n Table 2 because the Tabie 2

i:fleld is Lntended to . 1dent1fy the type of appllcatlon or us@
c1ntended for the entire disk, whereas the 'Applicatlon ID" f1e1d

of Tablp 3 simply the 1dent1f1es the type or use of the dava

recorded in a partzcular track on that d;sk.
Referring now to Fig. 10. there is illustrsted a

"preferred embod;ment of the data structure of a sector of vaer

1nformstmon.f Toc 1nformatlon also is recorded in sectors. and

fthe structure of such TOC sector is s;mllar. The followxng Table

'4 1dentﬁf1es the flelds of the sectors shown in Fig. 10:

i ]
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; _Pos-zn-cluater

I =oc

as may be de'l:erm:.ned by the preferred forma.t.
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Field Name )

Address .
{ Mode
"Sub-Heeder
{ User Data

! Reserved

Tt is -een that a aector is compr:.sed of a sector '

| '_header wh:.ch conta:.ns 24-byi:ee arra.nged in one embod:unent a8

" ghown in Fig. 10a, followed by 2,048 by'l:es of user data, 4-bytes
.of error detect:.on code (EDC). and 12-bytea th.ch are regerved. '
-.Preferably. a number of sgectors conatitute a "cluater"._end as'

. one example, a cluster :.s compr:Lsed of 8 sectors or 16 secf"ars.

A more deta:.led explanat:.on of the different fialds

-wh:Lch canstltute the. aector shcvzn in Fig. IOA now will. be

_ prov:.ded .

L

|

||I||I|| i
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ggg;gg_gggg_,whls d-byte f;eld 1s formed of a

'predetermlned bit pattern which is readlly detected and which is

unique and d;atinctlve frcm the data pattern lncluded in any

other field cf a sectcr. ‘The accurate detectzcn of the svync

'pattern msy be confzrmed senszng errors whzch are interpretated

'_from the lnformaticn reproduced frcm the sectcr. If a 1arge

numher of errors are detected contxnually. it 1s safely aasumed

. that the sync pattern hasa not been accurately sensed.

: Alternatively. and preferably. the demodulator which is used to
pcchezt 16-bit symbols to 8-bit bytes (or, more generally, to
.conwert an MPblt symbol to an n-pbit - hyte) may anlude suitable"
'converuzon tablec uh;ch are not operable to ccnvert the sync

;pattern to a- hyte.. The sync pattern 1s-assumed to be preaent

. when the demcdulatcr is. unable to frnd an n-blt hyte wh;ch

o
N o

S
© o

NN NN
> W N ~ O

' sossluhm.s.-_t.ﬁr ' 0 e

.corresycnds tc a recelved m-bat symbol.-

mumm“gwn This 2-byte fleld is

jderxved from the subcode data. the cluster posltzon data and the

.sector address and mode data anluded in the sector headera Such

CRC dat.a ls uled to ccrrect errors. thst may be present in these
flelds. ff _ . | _ o
| ﬂnhggﬂg; Thls 5-byte freld is descrzbed helcw.

g;ng:gg_zng;sinn. Th;s 1-hyte fleld identlfies the.'

fpartlcular order . 1n the cluster 1n which th;s sector is located.

Eor example.,;f-the-clusterlls formed of a 8 sectors, this field

. This Sheet Has Been Reilaced
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'.1dent fles the part;cular sector as the f;rst. second. thlrd.

etc. sactor in the cluster.

;gg;g;g‘_rhxs 3-byte fxeld const;tutes the unique

'--_addreas for thla sector. ‘Since the address is represented as 3-

'bytes. a maximum of 64K sectors- theoretlcally may be reco rded.

Flgs. 4=7 repreaent the aector addre-ses of different ugex data o

' tracksm'

uggg_ggg_gnp_ghgjg;L These . fields are eonventloﬂally

-uaed in CD-ROMB and the data represented here 1s the same as that

conwenclonally uaed in such CD-ROMa.

g__g_ﬂgg;; 2 048 hytes of lnformation are recorded in

the user data f:l.eld. For example. computer data. compresne-d
"vadeo data, aud;o data and the like may be recorded. - If video

" data is recorded. the MPEG atandard may be used to COMPIEEG that
""data. a3 described in standard Is01381~1.

- l:rg,_nﬂae_gﬂg__ﬂg_ 'I‘h:.s 4-byte data is cycl:.e code

which is added by iuc adder 127 (Flg. 1) ‘and is u-ed to enable '

the detectxon of an uncorrectable error in the lector.

| Fig..IOB schemat;cally 1llustrates another embodlment

o: a sector header. th;s one contain;ng 20-bytee. The fze ids of

_the zo—byte sector header of Fzg. IOB are szmllar to the flelds

1of the 5ector header shown 1n Fig. . 105. and to avo;d unnecesaary

dupl;cative explanat;on. are ‘not further descrlbed._-

A detailed d:scusslon of the sub~code f1e1d now is

-provlded in eon;unct;on thh Figs. llapllE.- It il appreclated

i Tin

M
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.that tae sub=code f;eld ie comp:;sed of two port:ons. a 1-hyte

addres@ port;on and a 4-byte data portzon. The value of the
addres% portlon serVe- to 1dent1fy the type of data that zs

' recorded zn the. data portlon._ For example. and as shown 1a F;g.
©11a, zf the value of the address portlon ia 0, null or mere ‘data

: :15 reconded 1n the-data port;on.

If the value of the address portlon is 1, as shown in

- pig. 138, the data port;on is prov;ded with the follow;ng kA byté_

' Lnformatmonl

::ggk_ln.hg:;,whxs data Ldentlfxea the number of the

ftrack 1n wh;ch the sector contalning thls sub—code is :eeorded.

ggg;gigh&gﬁ; Th;s byte exhlb;ts the structuze shown in

_Fig 11 Whé:@ln a "1' bit represents that cogylng of the

a-soczabed user. data is prohlblted and a "0* bit Lndmcates that

;c0931ng of the anaoc;ated data is permltted. The bit posltxona

of the -epyrlght byte ldentlfy the type of user data for which

"copylng ie selectlvely prohlbxted or. pe:mltted.- As shown :in Fig.
12, the 1dent1£1ed user data 18 analog video deata, analog audio
:data. dlgxtal v1deo data. d1g1tal audxo data. and the 11kef Por

example. lf the uaer.data in th;s sector 15 dlgltal video data

and 1f copylng of that dxg;tal video data is pmoh1b1ted, the
'eopyrxgnt byte may - appear as '00100000' '

.np;_gagigg_:&b This 1nd1cates the part;eular

'.appllcatlon Lntendad for the user data that is :ecorded in »his .

o sector.} Examplea of typical appllcatlons are shown in Flg. 13 as

~“This Sheet Has Been R laced
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recorded.
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computer text, video, video/audio, etc. 1If no dats ;s recorded

| finlthis sector;'the eppiication ID byte may be represented as the

- character 0. : o . - S

IEQ_!!I!L This data 1nd1cates whether the user date is

'd-Ecc encoded in, for example. the L format or the S format. as.'
'.ehown 1n Fig. 16.- other types of Ecc codes may be represented by

_other values of thia Ecc type byte.

; If the value of the sub—code address rs 2. as

represented in ?zg. 11c. the data portzon repressnts time code. -

V'That rs. 1f the user data recorded in thzs sector LB var:able

_{ over trme. as would be the case 1f such data is v;deo data. the

trme code data recorded in the sub~code freld represents time

1nformetlon at wh:ch the user data is recorded An example of

“such tlme code data is represented in F;g. 14. It is appzeclated
thet 2md1git BCD b;ts are used to represent the hour.-mrnute. '

'--uecond and frame-nt.wh;ch the uscr-data in thls.sector'1n~

It the value of the addmess portxon is 3. as. deplcted

-,1n Frg. 11D, the data portlon of the sub-code field represents |
cthe:dletence.frqm the sector_;n_whloh thxe.sub~code-f1e1d ia
_recorded~to the first sector in which an immediately precedinc I

- -compressed video pzcture is recorded. -and elso the distancs from

this se~tor to the firet sector in which the next—follow:nc il

compresﬁed v;deo plcture is recorded. Those of ordlnery sikill in

;the art will recognlle that v1deo data, when compressed in
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o aooordance with the MPEG atandard. mey const:.tute an :.ntraframe
encoded video p:.cture. typ:.cally known as an I picture, a -
pred:.ct:.ve coded vz.deo p:.cture. typically known as a P picture,

' and a b:.-da.rect:.onally pred:.ct:.ve coded v:.deo p:.oture. typ:l.cally

knownl aB’ a B picture.  The data port:l.on of the sub~code f:ueld

 whoee address portion has t_he va-lue of 3 thus indicates the .

distan:es between this sector and the beg;:'.'nning' of the next-
'pre_cedi_ng' and ne‘:kt-following I pictures. _ | )
If the value of the addreas portion is 4. as sho}yn in

_Fzg.l 11E. the data port:.on :anludea 1-byte p:.cture type,
: J.ndioat:.ng whether the video picture that is recorded in this .

sector :-_is' an I, P, or B picti:x:e (aee Fig. 15). and 2-bjrte-

tempor:il reference data which indicates the location in the

original _pieture. display s_ecjuerice of 'the particular picture that

is recorded 'in"th'i‘. sector. -. 'th.s temporal reference data is

helpfuw. during a playbaok operat:.on becauae. as those of ord:.nazy

'.'_ek:n.ll .m the art recogm.ze. the 1ocat1.on of compresaed B-p:.oture
j 'data :.n the MPEG oode sequence may be qu:.te d:.fferent from the
aotual 1ocat:Lon of that p:.cture when the B-p:.oture ult:.metely is

) d:.splawed. '

- The Ecc format wh:.oh preferably is uaed m.th the

presenf :.nvent;on is the L fomat. A schemat:.c representa tion of
.an enocaded "data frame" :|.s dep:.oted in F:Lg. 17. '.'l.'lie ECC "franle'
' is referred to here:l.n as a Cl code word and th:.s word, when '

- recordud. eonlu.sts of a sync pattern followed by 136 data

5995!“&'3!"9"’? B
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:n'symbola. The term 'symbol"za used rather than 'byte“ beoause.

as w11~ be described, the recorded 'symbol' conalata of 16 blta

"(known as ohannel blta); whereaa a byte typ;cally is undexstood

to conu:st of only 8 bzts. It is appreolated. however. thxt the

Cl oode wo:d. przor to conversion from 8-b1t bytes to 16-b1t
”symbolq. that is, prior to mpdulatlon of the Cl code word,

':.'nevertheleas conaista. of the-oonatruction"ahown in Fig. 17

uhere;: it w111 be understood that the lllustrated symbols are._

in fact, bytea.

: The manner in.whioh the c1 code word struotu:e il

generafed now w111 be briefly descr;bed. 116 data bytes. Ox

" symbols, known as a C2 word. are supplied to, for example, the
- BECC- encoder formed of memory 131 and ECC ozroult 132 of Fi~, 1.
fA c2- hcld sectlon is added to the C2. word. preferably by bclng

Lnserted bebween two groups of 58 symbols. and a Cl hold snotlon

i 1a added to the end of the resultant 128 symbols._ A hold ueotion

rmerely regerves a locatxon in the data stream in which par ty

data auwsequently is 1nserted. Thus. a prellﬂlnary Cl worm may

. be thought of as be;ng formed of a.g:oupmof 58 data symbols
‘followei by a €2 hold .section followed by a group of 58 data'

aymbols fbllowed'byia.CI hold section. Then, C2 parity svzuole

nare gem|rated by. for example. modnlo 2 addltlon.. Preferan!y,
one dati: symbol in one prellmlnary o § word is modulo-2 comk ined

;;witﬁra_vata aymhol 1nc1uded in the next (or seoond) preliminary
_ldl'uord. If de51red. further comblnatlona may be effected vith a

e ______’_/_-—————/_"—
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1 B :data -symbol :l.ncluded in the th:.rd—follow:mg prel:.m.nary c1 word,
2 and B8O on, to produce one c2 par:.ty symbol.. ’L'he next C2 pur:.ty
|  '3' ' symbol is produced by a similax comblnat:s.on of the next data
"4.- | '-symbol in this first preliminary c1 word with respect:.ve duta
5 o .symbols in the next-follown.ng prelm:mary c1 wordl. :I:n thzs
. 6 manner. c2 parity symbols are generated by comb:.m.ng a
7 pre__detem;.ned numbexr of dat_a__.symbols_.-. of the same predetemﬁ..ned
-8 number of.sﬁccess.i.ve. p‘reliminary c1 wrds. That ié.'_ if th;*-*s c2
9 ..parity ﬁymbol is producéd by mbduio-lz combining two data -wnrdé..
10 then orw2 data word of the f:.rst prel:.m:.nary cl word is modulo-2
11 " ‘combined _i\llth_ oz;e_da_ta- aymbol in the next symbol- pos:.t:l.on of the -
12 -:next-fe'Llowirrg preliminary Cl' word. If the c2 par:l.ty symbnl 15
i3 produee J by comb:.m.ng threa. data symbols. then one: data ﬂ'nbol in
14 auccess.:l.ve symbol posrl:x,ons from each- of th-ree successive
1‘__5. -prel:um nary c1 words are comb:.ned to produce the c2 par:.ty
16 -symbol. And :.f the c2 par:.ty eymbol is- genera.ted by comb:. u.r;g
17 '.'four deta symbola. 'I:han one data aymbol in successive symb:;l |
18 _pos:.t:l.uns from each of four luccessz.ve prel:.m:.nary €l worc: are

'-.19_- ' :comb:l.ned.
‘20 - ' . Aa a preferred aapect of 'l:h:l.a ECC encod:.ng. the data

21 symbola wh:Lch are comb:.ned oceupy lueceaa:.ve positions in f'he '

| -'.:2_2 R respect:.ve preliminazy- (o ] words. That J.l.' ;Lf the data symbol - :m .

'_2'3'_ . the fir st prelim:l.nary €1 word is the nth data aymbol. the data -
24 : ".symbol .r.n.t.he_ seco_nd preliminary C1 word :._s the' (nth + 1)t data -

.-'5°!§g!l,l§t'au_._§.§pg AR - 47 -
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.rd prelzm;nary c1 word ig the

.(n + 2)th data symbol. and Bo on.

When 12 cz parxty symbols are generated in the manner

. -Just descrzbed, those 12 cz parity symbols are 1nserted into the
R C2 hold sect;on of thxs flrst prellmlnary Cl word., thus fcrmlng a
_precursory c1 word. Then. 8_Cl.par1ty symbols are genereted hy
: fconvenwtonal'parity aymbol generetion-in'resoonse to the_dete_and

T parlty symbols 1ncluded in th;s precursory c1 word. The
-generated Cl- parity symbole are lnserted 1nto ‘the C1 hold aectlon
._thua rorming the €1 code word. | '

In the c1 code word shown .in Flg. 17. the c2 parlty

.5aymbols are lnserted between two groups of data symbols.:
_:Alternatlvely. the c2 parzty symboll may be located at the end of

. the 116 data symbols, that is, at the end of the C2 word. A
.-preestﬂblxshed number of Cl ‘code words hav:ng the structure shown
in Fzgn 17 con-tztute the long d;stance error correctlon eacoded
: data. That is, a preestabllshed number of the €l code words are .
. used as the L fornat Ecc encoded data having the structure ahown
'in Fig. lB.' ‘A8 1llustrated. 128 ci code words are. used. such

. that i §= 0, 1...127. Each C1 code word is comprised of » sync

- codees Qr pattern, follcwed by 136 symboll S,. sl,...s ...SLE;
_whereln 3 =0, 1,..135. The czrcles shown in Fig. 18 represent |
[dthe manner in thch the c2 par;ty symbols are generated. A8 has

.3gbeen dpscr;bed above, the C2 parlty symbols are generated for the
:_01 code word in response to the data symbola 1nc1uded in code

'-_ms.mmss.m o 48
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.words 010. c1,....c1 . where r representa the number of data
'_symbols and that are oomblned to generate the parlty symboi. .
 From F:Lgs. 17 and 18. it is seen that aymbola S, Su, const:l.tute

..data and c2 par:l.ty symbols, and symbols sm-su, constitute ‘1 : |

parlty aymbols. It wmll be appreclated that. slnce twelve c2

- -parity symbols are recorded in a €1 code word. up to -'bwelve date
_'..aymbols can be corrected. s:l.nce these twelve data symbols are
'.-,-.'J.noludeﬂ in twelve success:.ve Cl code words. a burst error of
twelve C:1 oode worda can be oorreoted. wh:.ch amounts to a

o correci:able error of 12 x 136 = 1,632 aymbols.

An example of the S format ECC encodlng J.a

'1

schemat.l.cally llluetrated in E‘:l.g. 19. In the s format. the

. tv_:elve e 3 par:.t_y ._symbols-.are divided :L-nt.o two gr_oups_ of i c2

' parlty s?mbols- each. with .one group of six c2 parii:y symbo.s

' being added to 58 data symbole and the other group. of six €2
parity symbols being added to the next 58 data symbola. Tnus..
- rather ‘than generat:mg the €2 parity symbola from data syxmol-.

y '_.:.noluded in 128 Cl oode words. the: c2 per:.ty symbole in th¢ s

- format are generated from successure data symbols :l.ncluded in 64

- cl code’ words hav:.ng the schemat:.c representatlon shown in Fig.

_19., Whereas the L format pernu.ts the use of c2 par:.ty symbole to '

'oorreof errors in twelve c:. oode words. the S format supports €2
- par:.ty <°:orreot:|.on of up to six -c1 code words . Henoe. the ¢
_ format ,;:erm:.ta the correctlon of a burst error of 6 x 136 & 816
'.symbols.. . | . | |

' _-_soss.mlm_:a.ur S S 49

5.

C oy

. This Sheet Has Been Reﬂlaced

i

Recelved Tlme ' la Mar 0:01__ __",___,Print Time 15, Ma 0:42_



W O N U AW N B

L S T T T
P O B ® N 6 WA W NP O

NN DN
B I~

N
N »

---’mim{mé-na R s

|1 g5-@3-15 :a1 @7  SONY FOREIGN PATENT 4 +81354483663 COT=527T i a5/43

- 450100~3193

When compared tc the Ecc format used ln. for exauple.

'CD-ROME cf type that have been ‘proposed heretcfcre. the use of
:the L format or s format in accordance w1th the present invention
- permzte a rednctlon in. redundancy from ebout 25% of prior axt CD=

. Rous to;ebout 15% 1n the preaent 1nventlon.

A lector formed of BCC encoded data in the 1. format or.

the 'S fcrmat 15 shown in Flgo 21 whereln the. sector anludﬂs a

' .sector header formed of 24 symbole and also. 15 comprraed oy
felghteen Cl code worde. each Cl code word having the constiuction .

'shown iz Fig. 17. The last Cl code word 1ncluded in the smctor

1nc1ude1 four error deteotxon code symbols and twelve symb Ls

" that ere reserved for future ugse. The sector header exhxb*ts the

' jstructure shown in F;g.-lo. Nevertheleal. errora that may pe’

presenL in the sector header can be corrected generally by ualng '

~on1y tha c1 parity symbcls wh;ch are genereted for that C1 code

'fword.

. _ As an aspect of this 1nventlcn. the sequence of the
eymbola 1nc1uded rn a cl code word aa recorded in a track elffera .

from the sequence of the aymbols. that are’aupplmed for rer&rdrng.

- That Ls, and . with reference to Fxg._l. the eequence of the
-_aymbols euppl;ed to moduletor 140 drffers from the sequence.of-'
_eymbols supplied to switch 124. By recordlng the data symbols 1n d

what ia referred to hereln as a dlearranged order, the

.posslbliity is reduced that a buret error w111 destroy the data
to. the ~"-xtent that. when reproduced. the data will not be

v
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"i-nterpr-etab].-__e. In part:.cular. if the data repreaentl v:.dee '
| infomation.‘ the recording of -the data symbols- in d:.sarranged_
.o:r:der enhances the poss:.b:l.l:.ty that accurate video p:.eturar'
) nevertheless can be recovered even in the presenee of the 1~urst
error. . F:.g. 20 is a achematic repreaentat:.on of the mannes: :.n
__ wh:.eh the data lymbols are. d:.sarranged for recordlng. |
| - Let it be asaumed that data- symbola are reeorded on the-_
~disk in the order Dk and let it be further assumed that each C1
code word is fomed o:E m symbola. with n of those symbols
'_ eonst:.tutlng a C2 code word (1..e. 116 da.ta. symbols and 12 cz
par:Lty aymbola) and n-n of those symbola const:.tut:.ng the ¢c1
parity aymbola. The relat:l.on-h:.p among J.. jo ko m and n frr
R ._reeordi 1g thus is:z _' o | ' '
o '-"k=mx:|.+2x3-m.when3<m/2
N _'k=mx:.+2xj—(m—l)whenjamlz
~ If the data eymbola appeaz on the disk in the reeorded sequence R
.-_'Do. Dl._bz cae aueh data symbola are grouped :.nto an odd group
'_-"followed by an even group. For example. and assuming 136 :
symbola, data aymbols D Ds, eonst:.tute an odd group of od'l
| _numbered data aymbola and data symbols D,B - Dus eonat:.tute an |
- even group of even data symbols. It will be understood that .
*odd" and "even" refer to the oz:.g:mal sequenee in wluch th::se
..'data synbola had been presented for record:mg. In the fomgo:.ng
- equat:.ona, i ie the sequential order in whieh the Cl code worde -
. are preaented for recordmg. 3 ia the sequentlal order of the m |

oS m/sn.s.apa ' o | 51
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. symbols :Ln eech c1 code word presented :Eor record:.ng and k is the
.'order :.n wh:.ch the m symbols are recorded on the d:.ak. That is,
L When the Cl code wordl hav:.ng data symbols in thv

sequenca-n,. Dir e+ Dy are played back from the d:.sk. the data

._'aymbola stored J.n r:.ng -buffer 217 of F:.g. 2 are rearranged to the

.'-..aequenca :.J.lustrated in F:.g..it_):m'rhz.a sequence of Fz.g. 20 is-

' referred to .aa the arranged aequence and is formed of seque nt:.al

'alternating odd and even data symbols wh:.ch :.s the same sequence

_aa the data symbola or:l.gn.nally presented to switch 124 of 15‘19- 1

'for record:mg. It w:.ll be apprec:.ated that the data symbo .8

wh:.ch aze J.ncluded :l.n the recorded C1, code word in fact belong -

“in. part' to c1 code word and -the c1 code word. That ias, i¥ the

.-_'<:11 ‘recorded code word is formed of symbols Dor Dys sse Dygy ‘the

'reprodu"ed clo ‘code word includes .symbols D,. Dyjr weo Dm. Dy and
'I:he rep‘r"oduced Cl, code. word :.ncludes symbols Dge D ¢ oo D
L Dyye _' 'I'he sequentlal storage pos:.t:.ons in r:l.ng buffer 217 of Fig.
‘2 of the symbols l:)l= that are reproduced from the d:.sk may hF |
| _-_expresaed as followss |
i = (k/m) - (kmod2) + 1
J = (m/2) x (kmodz) + (lmodm)lz

-where i J.l the aequent:.al order of the Cl code words that tre

_'read ous of the r:.ng buffer. j is the lequent:.al order of the
- Bequenct“-\ of the m aymbols in each Cl code word that ie reac; out

2 .

go9s.MAR/3195. 008 . 52
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- of the xing buffer and k is the dlaarranged order in whzeh the m .
.H;tsymbols are recorded on the d;sk.: _ _ o
Although the present inwnnt;on preferably recordu data
.izn the f format of Ecc encod;ng. the teaoh;ngs ‘herein may be-
'.employed wzth S format Ecc encodlng. Discrimination between the '
fnL formdt and s format may be made by lenalng the ECC byte n the
"track lnformatlon f1e1d of the TOC data, auch aa the ECC b&te
shown in Table 3, or by sensing the ECC byte included in thke
- suhcode fleld shown 1n.Flg. 113, wherein the ECC byte of the
.aubcode field may have the atructure shown 1n Flg. 16. Ancther
technque that can be used for ECC format dlacrlmlnatxon _
';'-tdontempiatea uazng one type of sector aync patter when L furmat
'::Ecc encvdlng is used and another type . of. sector sync patte;n when
':s forMa*-Ecc encod;ng 13 used. Thua. not only is sector ' '
synchronlzatlon detected but. at the same time, . the type of Ecc
:Eormat .LB sensed. o _ . | '
_ ; Yet another technlque for- dzacrlmlnatxng between B
“-f;format and s format Ecc encod;ng employs the addltlon of a | _
dlscrxmxnatlon b;t 1mmedlate1y followzng the sector sync ptttern..-
; still another techn;que for dlscrlmznatlng between the
B and 8 ncc formats is based upon the abllzty of the ECC
”:correct,ng clrcuit 216 of Fig. 2 to operate natlsfactorlly: FPor
_example, if exror correctlon aasumes that the ECC encoded data ie
 :-1n the i format and error correctlon is not posslble, it 1s - .
.; highly Iikely that the data actually is 1n ‘the s format.

soUsaQR/sIet.arE L 53
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'Conversely. lf error correction assumes that the ECC encod=d data
...'.LS in the s format but error oorreot;on is not posaible, it is.
o h;ghly Jlkely that the data had been encoded in the L format.
nz'Thus. rlsorzmlnatlon between: the formats is dependent upon the
success or fa;lure of. error correction.

. The ECC enooded data, whether in: the L format ox the S
format. constztute convolutlon codes. Py group of Cl eode worde
may be thought of as a block and such c1 code words mey be block

:'ooded mm the manner shown sohematloally in Fig. 22. EeIG. in
.l-taddxtxoﬂ to. L format ECC encodxng. the c1 code words are b‘ock E
l_.coded a9 w111 now be brlefly descrlbed. Let 1t be aaaumed that

the data symbols in a prelzmlnary Cc1l word constitute a c2 word

:i(as desurlbed above)., Let it be aasumed that the C2 words are

_pmesented in the sequence cz,. cz,. c23, etc. In Fzg. 22. +he
symboli represented by an open ‘circle are data aymbols inc..uded
~in the Cz word, the symbols represented by a fllled-ln ozrcle

"are data symbols 1noluded in the Czu word, the symbol-.

---represented by a tr:.angle are data. symbols :anluded in the Czu
| “-word. tne symbols represented by a square are. data symbols
- l;ncluded in the. €2, word, and the symbols repre-ented by aa X |
:are data symbols included in the c2,, woxd. ‘since a block wode

_ conﬂlsts of 144 CI code words, but each c1 code word lncludes
e:sonly 128 data symbols (1nolud1ng c2 par;ty symbols) 1t fol.ows o

that one data symbol in the cl,, code word cannot be inelvdaed in
| :_the illustreted blook and is expeoted to be 1noluded in the next--

' ,emawmnnsun : _ . _ 54
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: :follow:.ng block.. However. block ood:.ng requ:.res ell of the data
.' symbols m a blocl: of code words c1 -c1“_., t_o remain in that block _
) and, therefore. the last data symbol of the Cll., code word is |
o "'folded back" into this block as the. last data symbol of the c1,,
oode word. S:u!lllal‘ly, the 1ast two data symbols of the 01m word
are - expected to fall w:.th:.n the next—follow:.ng block. but hecause -
- of block coding. these two symbols. identified as dats symbols -
i :126 snd 127, sre ‘folded back into the c1° snd c1, code wordﬂ.
respect;.vely. Ststed generally. those dsta symbols of a C' word
.'.Wh.'l.ch o*'herwz.se would be' included in. the next-following bluck are
folded c:sck to. the beg:l.nm.ng of the :.llustrated block such that
'.esch c1L code-word 1ncluded in a block of 144 cl. code words
'J.ncludes :.nterleaved data symbols from 128 of the 144 €1 cide
.- words. as. shown. o | | ' :
~ Each block cons:.sts of 8 sectors. whereby a blocx. .
inoludes more than 16K bytes. Error correct:.on can be ca; r:.ed
| .out on = block-by-block bagis. |
Fx.g. 23 :.s a schemst:.c representation of the blot:k |
'codlng of S format Ecc encoded data.- 'The same pr:.nc:.ple that ia -
E used for the blocl: coding of L format ECC encoded data, as
 ‘discussed :.n conjunction w:l.th E'J.g. 22, ie spplicable to the bloclc |

: cod:.:_:g «f s fomst-.Ecc encoded data. _He_::e. however, each kElock ©
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j_conslsts of 4 sectors. and as a result. each block is ccmpr;sed
- lof more than 8K hwtes. : _ | | _

B ) ' The modulatlon technlque used to modulate the c1 code :
”_fwords for recordxng on dlBG 100 (e.g.. the modulatiOn techrrque
";”used by modulator 140 of Flg- 1) noW'w1ll be descrlbed.-

| _ " One type of modulat;on is 8-to—14 modulatlon (EFY) .

.-whzch ia. used as the standard in compact dxscs. and one example

of such EFM processzng 1s descrlbed in Japanese patent .

'Zapplicstion 6-2655. In conventlonal EFM, an B-blt byte is
"'-convertﬂd into a 14-hat symbol (the blts of the symbols are kncwn

as 'channel" bltﬂ because they are suppl;ed to the recordlug )
'm:channel and successlve symbols are separated by marg;n blts.

t Heretofore three marg;n bits were.used, and these three b;is were |

| 'r'selecteo to assure that the Dlgltal Sum Value (DSV) accumuJated
from suvcess;ve symbols 1s reduced. EFM is a run length 1xm1ted
_(RLL) code and. preferably. the shortest run length perm;tted in

EFM. conexsts of two consecutlve zaros whlch are spaced betwﬂen |

. 18 and the longest run length is llmlted to 10, wherein 10
:.trconsecutxve zeros may be present batween 1s. '

"If two margln blts are used rather than 3. the poaszble:'.
t;comblnations of such margrn bits ares: 00. 01. 10 and 11. 1a EFM,

"a margir bit state 11 is . prohxblted.. Hence, ‘only three difjerent l
| ;;comblnst1ons of margin b;ts can be used to link (or separ:tw) '

| success:ve symbols: 0o, 01 and 10. But, dependlng upon the bit

. stream of one or the other gymbols. wh:ch are linked by the uarg;n

mnnnmaw - 56
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 bltSs one oxr more.of these p0881ble states may be preclndeu'

o becauae tq_pse the precluded state may_result in an.undes”rable
o _ - A .. S - R

| | F:g. 24 is a schemstic representatlon of a "string” of -
ﬂ,data syabols separated by margln blts. Each data symbol lﬂ'
| comprls-d of 14 channel b;ts and- the margin blta are comprased oft

L 2 channwl blts- Thus. msrgln bltl M, separate data symbols D,

;and D,s . marg;n b;ts mg separate data aymbols n5 and D;; marg.n ;
..-blts mglseparate data symbols D, and D,,- and go on, with marq;n -
_b;ts M separst1ng data symbols D, and D, Nevertheless. |
BBBuman that the 14 channel blts included in.a data symbol are
. provxded in 14 success:ve bzt cells and further assumlng thut the

.'fmsrgln h:ts are 1ncluded in 2. successlve bit cells, succesasive
sdata transltlons ln the string. of channel bits deplcted in Flg.
24 are: ﬂeparated hy no less than 2 data bit cells snd by nu more
"than 10 data bit cells. |
| .A str;ng of data symbols may include parlty symbcls. _
:and F;gk 27 111ustrates a frame of such symbols beg;nn:ng w:th a.
 sync pattern of. 24 b;t cells. fbllowed by 12 data aymbola (shawn l

-s_as 14-b1t symbols separated by 2 channel blts). follawed by 4 |

. parity symbols. followed by 12 data symbols and ending with 4
; parity symbols.' The -sync pattern is 111ustrated as a high. slgnal

"vlevel extendlng for 11 bit cells follcwed by a low slgnal level B
'ertendina for 1" hif cells. fal]nwed hv a h1gh aignal 1eve1

5_extend1:g for 2 bit cells. ‘The inverse ‘of this pattern can pe

. sosaam/msiaer . . . 57
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:.-_-IuEed.'_ ‘):-‘:Lg. 27 also dep:.cta the two-b:.t marg:.n b:.ts which
separate .auccesni_w_re_ data --sy,mbols; and as _-ment:.oned ab_ove._ in some
| inatanéé_s, certain ones of _the three pemitted combinationa of
'margin bit‘a cannot 'be-uaed. F:.g. 28 schemat:.cally represerta the' -
cond:.tipns under wh:nch the marg:.n bit comb:.natlon 00 or the- |
.marg:m bJ.t comb:.nat:.on 01 or the marg:m b:.t comb:.nat:.on 10 cannot _
be used. A8 will _deserl_be_d.- a signal known as the :.nm.b:x._t_ m_argln
- bit. s:.gnal u. i.'d'ent:i.-f.i.es the margin bit combination 'whi..ch -eamnot“ :
be used, E‘ox example. when Hm = 00. the marg:Ln bit comb:mat:.on
': ) 00 canmt be used. ' s:l.m.larly, when M, = 01, the margin bit |
eom.b:.na* ion 01 cannot be used. . And when M, = 10, the margin bit
eombina's::.on 10 ‘cannot be uaed. o o
B J:.et ;.t be assumed that marg:.n bits separate data
-: '.symbols D, and D,. I.et :.t be- further assumed “that the numlﬂm: of
- lconsecut:we zeros at- the lead:.ng end of data symbol 1)2 is |
. represented as A and ‘the number of zeros at ‘the termznat:.ng end
of _data symboll_ D,-:.s B. If A+ B is equal to or e:nceeds 8
- 'succe-s-e‘:_'we' geros. '(A + B2 8) then the margin b:.t comb:_l.nat:.o;n -'0.0.
is . nh:l.l:uted (M =00). '-" '_ | .
_ If the most s:l.gm.f;.cant bit c1 o:E data symbol Dz W8 n"ie
(A O) or. .'Lf the next most a:.gn:l.f:l.cant bit 02 is "1" (A = 1) or
if the least sigm.f:.cant b:.t c14 of data symbol D, .'LB =1%, the
B "'.marg:.n bit combination 01 is J.n.'n:l.b:.ted (Mg, =01).
If the least s:.gm.f:.cant bit cl4 of data symbol D, is
'-15 23 = 0) or J.f the next leaat s:.gm.fmant bit c13 is "i" (B =

'"__m-mvwm e '5-‘7.'
g - . This Sheet Has Been Reﬂlaced .
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1), or if the most eignificantﬁbit'61.of daﬁe sjﬁbol Di-ié"l‘.' |
‘lthe merg;n bzt comb;natlon 10 ia 1nh1b1ted (Mhﬁ = 10).
The fcrego;ng 3 condltlons are not mutually exclusxve;
_and from Fig. 28 it is seen that condltlons may exzst whlck
;preclud@ the margln b;t comblnat1ons 01 and 10 (both marg;. bzt
.condltlcns are precluded if the most s;gnzfxcant bit c1 of data
| l}symbol D, ls"i" or 1f the least s;gniflcant bit c14 of data _
..3_Laymbol n is "1'). The number of thiblt margln bit comblnatxona:
: is :epmuaented as-NI. If NI = 0, all three margln bit |
'_ccmblna‘xona may be used. If NI = 1. one of the three margln bit“
fjipatternﬁ is precluded ‘and the other two may be uaed._ If NI = 2.
two of the margin. bit patterns are precluded but the third ie
_perm;tted. It wnll be appreciated ‘that . NI never is three.g
B | Turnxng now to Fig. 25 theze is lllustrated e ii#w _?
. chart wblch representa the manner 1n whlch a margzn ‘bit
.:: cembmnaixon is selected for Lnsertzon by a margzn bit generator _
l-between two data symbola. at step 81, the inhibited marg:n b1t
. comb;naflons are determined for each set of margln blts M., W,
._:.' m& and the number of 1nh1b1ted marg;n b;t comblnatlonﬂ NI,.,
St PRI NI likewiae ie detexmlned. It will be apprec1a+ed
t;that th and NI for. each set of margin bits to be inserted :
:.between data symbols may be determined from the cond1tzons
'deplcted in Fig. 28.. ' a '
: The flow chart then advancesa tc 1nqu1ry S2 which

. determires if the number of inhibited comblnatlons for the-aargin-

SCOS.MAR/D)LO3.APP . - . 89
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| step S3 and only ‘a ezngle marg:m bit comb;nat:.on can be seiected.
- For- example. :.f the most. s:Lgn:.fJ.cant b:.t of data symbol D is
wi=, m:; 2 and uw, =01, 10. Step 83 thus perm:.ts only mrgin
-_ b:l.t conﬂ:einat:.ons 00 to be selected as the marg:.n bit pattern M1
" I-Icwever. :L:E inquiry 82 18 answered in the negat:.ve._ -
_-then twf" or three d:.fferent marg:m b:l.t comb:.nat:.ona can be |
aelecteri.. The flow charl: advancea to step S4 where the inkibited
: marg:l.n Lit comb:l.nat:l.on M, for the n-th margin b:l.t pattern sn72)
‘is detemu.ned. - But, if the m_;mbez of_--:n_.r;h:.b:.ted combinations for
~ the -ec&nd margin Sit pati:ern is -2,l that is, if NI, = 2, .thén the
._ 'n-th margln bit pattern is construed as the (m + 1)th margia bit -
"-_pa’ctern.  That is, if NI, = ‘2, only one. marg:.n bit. comb:.ne" on
' can be uelected :Eor the remaim.ng marg:l.n bit patterns M. he B '-
" flow chw-h then advances to. step 85 wherein data symbol D, s
: l:.nked 10 data symbol D, which :.s llnked to data symbol D . o
to data symbol D, by the tespect:.ve margJ.n bit comblnat:l.one wh:Lch

are. not a.nhib:.ted. :

?

_ _ Thereafter.' in step 86, suzce the marg:.n bit pa'l:t 2rns
: 'up to. M,, have ‘been selected. and s:mce ‘the data aymbols up ¥o D,
are known, the accumulated DSV up to D, is calculated. The DSV
"'determlned for this data symbol simply is added to the DSV which
E .haa beer accumulated from previous . da'l:a symbols. Then. in. kstep-

87, 'l'hP marg'ln hit pa‘l"farn M is ne'lr-r-'l-pd A the partiaular

ﬂ?‘-’g-"ﬁﬁ"ﬂ'm S o GQ . etHasBeenReﬂlaoed
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| _'marg:.n it comb:.nation which minimizes the DSV that ie pro;ected

. to be accumulated up to data symbol D,. | | .
| . It w:.ll be appree:.ated that eteps s4 - s‘l rely u;en a

- -'pro:eetad DSvs and although the margin bit pattern under
_conaxderat:.on is marg:.n pattern Ml. the techn:\.que for Selfﬁ&ulng

~ the appropr:.ate margin bit comb:.nat:.on for pattern M, as based

upon look ahead data symbols- D,r Dy - o <Dpa Fig. 29 ie a :_

- graphical repreaentat:.on o:E the manner: in wh:.eh the projeeted bDsv |

R ..:I.B accu.nulated baaed upon "J.ook ahead“ data aymbola. For "
o .'_ampla.fz.eatz.on. it is aeeumed that m= 3, that data symbol& D, .

: _I)z and l:, are known, that the accumulated DSV up to data syrbol D, |
.ie 'l:nonm and that marg:.n b:Lt pattern H, is to be selected. : F:.g. |
'29A represente the 14-bit data symbol, where:m a "1lv is B
repreeented by a trana;t:.on and a | "0" is represented by no

- 'trana:.t...on in the dig.i.tal s;gnal. '.l'he data eymbola shown in E':.g._

'. '.291L are the same data aignals uaed :.n F:.ga. 293 and 29C. Fig. . '
.291\ rep:.eeenta the marg:.n bit pattern M, as the combznat:.on 10;
Fig. 298 representa the margin b:Lt pattern M, as the comb:.nntlon
01l and F.'Lg. 29C representl the marg:n.n b1t pattern M1 as the _

'- -eomb:.nat:.on 00. It :.a assumed that NI, = O. meaning that &iiere

are no :.nh:.b:.ted marg:m bit comb:.nat:.ons for margin bit patiern

M. It is further assumed that the 1eaat s:n.gn:.f:.cant b:l.t of a

| ." .data aymbol is repreeented as. CWLL -and CWLL = 0 in each 01‘. data'
. aymbols Lo D, and Dy. Furthermcre. based upon ‘the most .
: s:.gm.f:.c ant bit of date aymbol D,. marg:m b:Lt comb:l.nat:.ons {1 and'

_msng‘n/gmm' D 6}-.
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‘10 are inhibited (aee Fig; .2'8)' and ﬁIz'= '2. E'inally. based upon

‘_ _: :"the bit atream of the traJ_l:Lng end of data symbol D, and thra b:.t .-
'.atream &.t the leadzl.ng end of data symbol Dq. margJ.n bit .
-'comb:l.nat:.on OO is :.nh;b:.ted for M, (sae. I-‘J.q. 28) and NI, = J,'.'-.

' | F:.g. 290 1.lluatrates the accumulated DSV that :.a '.
"lz'_.-obta:.ned up to the end of data aymbol D, if M = 0, if M, = 01 and
. _'..:Lf- M, = 00. In part:.cular. curve a of FJ.g. 291) Lllustratea the '
- accumula‘ced DSV when l‘.l1 = 1037 curve b represents the accumu .ated

DSV wheu M = 01. ‘and curve c represents the accumulated st when'
Hl_— 00. It J.s aeen that at the end of data eymbol D,, DSV = 3
if ¥ = 10 DSV = 1 :.f M, = 01 and. nsv -5 if M = 00. Thus, to
m:.m.m:.ae the accumulated DSV, the margin bz.t combination Gl _
L ehould be aelected for ma:g:.n bit pattern H; But, 1f the rargin
bit com: n.l.nat:.on 01 is selected. the accumulated st at the end of
. data a_ym{:cl_D, J_.s se_en to he:.DSV = -5, On the other hand, :f the
margin 'M.t' - 'comb:i..nation' 00 had ' baen selected for the marg:l.n wit
- pattern M, the accumulated bsv at the end of data aymbol D, is
n_sv = _1.. It is apprec.xated then. that 1f the pro;ected DSV is
_ exam.ned the. part:.cular marg:.n b:.t comb:.nat:.cn that is ael-hcted -
for marg:.n bit pattern M1 differa from the margin bit comb:.taat:.on
| that wou'l.d be selected :.f the prcjected DSV is not exam:.ned
FJ.g. 26 is a blcck d:.agram of margm bit- aelect:.(m _.
.' apparatuﬂ in wh:.ch the margln b:.t comblnat:.on fcr marg:.n bi.*
B pattern M, is _det,em:_.ne_d by _lcok:.n_g ahead by up to m'data
aymbols, .where..nl\_ = 4 Thus, the accumulated- st. up to .the end of

"?ﬁivmmsg%egg S 6_3
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 data symboi ,D-,.'i.s eslcslated. " Input temina;l.. 10 in Fig. 26 is
,suppliei'i -with 32 suceessive bytes that have been 'Ecc encoded, and
_these bytes are used to read out 14-b:|.t symbols from a conversion
table 1!, stored as-a ROM, Successive 14-bit symbols are. ucmpled
._ "to an adder 13 which adds a pseudo frame sync signal to the '
succesl..ve data symbels, the pseudo frame sync s:.gnsl L’.1 :
_(-1msmuum:x1o-) being added to the leading port:.on of e "h .
'-sync fr. ime. The' pseudo frame sync signal serves to "reserw" a
_ - _locat:.om in whieh the actual frsme sync pattern is :.nserl:eu. as
 ‘will be described. - | |
- o ; .' sueeessive data symbols are coupled to- reg:.sters 14-17 :
_ | .wherein each data symbol is stored Thusa, register 17 stores
data aynbol D,, register 16 stores data symbol D, rega.ster is
.; "stoz:es data symbol Dy, regieter 14 stores data symbol D, ans '.
: adder 1.; now supplies data symbol D, to the inpnt of registcar 14. _
| Data synbols D and D, are coupled to diseriminator 30 thw '
...exam:l.neﬂ these data sym.boll to determine if any of the b:.t
| _._-patternu -therein correspond'to those shown in Fig. 28. : Dependmg
| upon the sensed bit patterns. disor:.m:.nator 30 generates “he
| inhibit merg:.n bit signal ik wh:.ch precludes certain msrg: 1 b:l.t
' ,. comb:.nei-a.ons from marg:.n bit pattern M,. The inhibit margra. bit-
“signal produced by the discrimmator is comprised of '3 bitu and
is 1den't ified as the margm bJ.t :.nhibit s:.gnal sm‘. .A *1" in
: the firet b:.t posit:.on of . SM' inh:.b:.ts the mrg:m bit '

combinat ion 10, a "1* in the seo.ond bit pos:.t_:.or_; of Sim; inkibita

N
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‘ﬂ

‘the nargin bit compination 01 and a ;1' in.the third bit'pqsition |
' f'sw .inhi'bi'ts. the nargin' .bit conibination"-.oo. Aa 'a'n.exanple.
| z;f only”the margln bxt comblnatlon 00 is a permxtted margxn bit
._ pattern. marg:.n bJ.t :l.nhlblt s:.gnal sim is repreaented ae "110".-
_ o The output of reglater 17 is coupled to a frame sync
 ~_convert@r 18 whlch converta the 14—b1t pseudo frame sync s:gnal
¢ to a 24—b1t frame sync a;gnal sf. Th;s 24-b1t frame sync
.':SLQnal st is ooupled to parellel-toeaerial reg;ster 19. Those
‘data. symbols D;- Dh.-; . -'“hich-are snpplied sucdessively to _.
'frame aYnc converter 18 are not mod;f;ed thereby and are suppl;ed
- aB ls. that is, Ln their 14-b1t oonflguratlon. to the parallel—

e to-ser;al reglater._ Reg;ster 19 oonverte those bits whlch are ’
'--supplled thereto in parallel to: ser1a1 output form. In addrtlon,
fefter a 14-b1t data symbol is serially read out of the reguater.
a 2-b1t margin pattern produced hy a margin bmt generator 50 is
eserzallv read out of the register. Parallel-to-serlal reguater
,;19 ia crocked'wzth a channel bit clock hav;ng a frequenoy of |
24. 4314 ME: auch thet the ser1a1 bit output rate of regzstex 19

 .18 24. 4314 Mbpe._ These serlal bits are modulated by an NRZI
't_modulator 20 and coupled to an output 21 for recordlng.
The modulated NRZI serial bzts also are fed back to a
ZZEost_lntegrator 40 whlch Lntegrates the Dc component of such
::_serlal bits. The st 1ntegrator thus accumulates the DSV o the.

‘data symbols and margxn b;t petterns."
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' Margln b1t generator S0 functlona in accordance wlth
the flow chart ahcwn in F;g. 25 to. effect the operatlon |
lllustrated by the waveforms of Flgs. 29&r29b. It Ls_'

apprec:.ated. then. that the marg:.n bit- generator 50 may be a

d:LgJ.tal s:.gnal processor. an’ ar:.thmet:.c log:l.c unJ.t or a - .
m:.cropreceasor programmed :Ln accordance w:.th the flow chari of
'-Flg. 25. 'I'hus. the appropr:.ate marg:.n bit. comb:.nat:.on :Ls
: aelected in order to mm:.mue the accumulated DSV w:.ll obtm.n as
| a res_ulf' of m subsequent data aymbols.. |
. . The forego:l.ng has deacr:l.bed an EFM techn:l.que in wh:.ch a
marg:.n b:.t pattern is :mserted between success:we 14-b:.t ds;ta
ymbolasn As a result, each B-b:.t byte is converted into a 14-bi,t.
data s;mbol plus a 2-b:.t marg:n.n pattem. A preferred emboc. "i.nent
" of an 8 to-16 modulator ‘which eluu.nates .the generation of marg:.n-
:.b:._t patterns, -wh;.ch m:._n:.m:.ses th_e.,ac_cum_ul_ated- Dsv and-wh:l_.ck_m.j__ is.
.constrai.'ned to run 1en.gth-_limited (2, 10) code now will be B
..descri.bed.. Referring to Fig. 30, a plurality of "fundamental'- :
convers:.on tables are prov:.ded. for example. four convers:.c n
. tables 'Il. T,» Ty and T,.. Each :Eundamental table is compr:.sed-of '
.two sepa-u:ate tables. J.dentlf:.ed by the subscripts a and b, one o:E
~ which converts an B-ba.t byte into a 16-b:|.t symbol hav:mg pcm.t:.ve
.'.DSV and the other converting the same - S-ba.t byte into a 16-bit
: symbol }av:.ng negat:.ve DSV. o
'l‘hs tables are categor:.:ed as follows. if the laei- ‘bit

of the .x.med:.ately preced:.ng 16-b:.t symbol ends as a "1" ox :.f

5095 mnm.np _ ' o - 65
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' the. laet two bits of that 1a-brt—=yrﬁrreﬁar as -10- the next 16-
- bit symbol is eeleeted fram table T, or table Tipe depend;ng -upon
whethez:- it is d.esirable that th:l.a next selected 16=bit eyml‘ol
-exh;b:t a poa;tlve DSV (thua call;ng for table Tu) or a neqatxve
wtnsv (thua callzng for table Tn).- ' '
If the 1mmed1ately preced;ng 16-b1t symbol ends'with
-atwo three or four succesalve 0s, the next-followxng 16-bit
-aymbol is selected from eLther table T, (that is, from elther _
table TZa or table '1'3,) or’ from table T (that is, from table sa

o ._ or 'I:eble T_.,h).' |
| ‘ If ‘the 1mmed1ately preeeding 16-b1t symhol ende with .
alx..aeven or e;ght luccesa1we 0s, the next-follow1ng 16-b1r '

'symbol L8 selected from table T °
- The’ flrst 16—b1t symbol that 15 generated 1mmed1¢bely
'follow;wg a frame sync pattern is selected from table T,.
_ . The 16=-bit symbols produced from tables T, and T
differ from each other in the follow1ng lmportant reapects. all
1l16-b1t symbols read from table T, anlude a "0* as the fLrs. bit
and a mgw- as the th:.rteenth bit. | |
ALl 16-bit eymbols read fz:om table &, include a *." as
the firet or thzrteenth blt or a “1' as both the first and
thirteenth bit. o
In the 8-to-16 convera;on echeme used w;th the present

'1nventlen. it is poss;ble that ‘the very same 16-bit symbol may be

. generated in response to twb dlfferent.aebxt bytes., Howevez.

Lo A - .66
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when the 16-b:|.1: symbol repreaentat:.ve of one of these bytes :.s
s produced. the next—follow:.ng 16-bit symbol is produced from. table
| rz; whersas when the 16-bit -ymbol repreeentatJ.Ve of the other
byte is produced, the next-follow;ng 16-bit symbol is produc.ed
:from tahle '1'_,,. It is appree:.ated that, - by recogru.s:.ng the %able
~ from which the next-follow:l.ng 16-bit symbol ig produeed.
.'dlscrmnatlon between the. two bytes which.,. neverthelese. are. N
- '..eonverted into ‘the same 16-bit symbol may be readily achleved. |
f” For example, let it be assumed that an 8-bit byfe
| '_hav:.ng 'Ehe value 10 and an. 8-bit byte hav:.ng the value 20 both
‘are converted to the same 16-bit symbol oo100001oo1001oo from
' table T, But, when this 16=bit symbol represents the byte
_' hav:.ng 'Lhe value 10. the nexl:-fcllowing 16-b:|.t symbol is pr.:duced
- from tahle T,. ‘whereas when the aforenoted 16-bit -ymbol
| "repreeenta the byte hav:.ng the value 20, the next:-follcw:.ng 16-
j_‘.b:.t symbol is produeed from table T, When the symbol |
_0010000100100100 :.a demodulated. J.t cannot be determined
- J.mmed:.ately if th:.s symbol represents the byte hav:.ng the value
10 or the byte having the value 20.,- But, when the next-£ol. x,ow:.ng
'-16-b1t aymbol is exam:l.ned it is concluded that the precedz»:g
aymbol uo100001001001oo repreeents the byte 10 if the next—
follow:.x g - symbol is from 'I:able ‘1‘,. and represents 'l:he b,yte hav:.ng
the value 20 if the next-follow:.ng symbol J.s from table T, . To
| determ:.ne whether the nex‘l:-fellow:.ng 16-b:|.t symbol is from table

T; or table '1'_,. the danodulator merely needs to examine the first

Mﬁgm{susmp C o 6'[
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' and thn.rteerrth bits of the next-folloWLng aymbol. as d:.scueaed
'_ __ 'above. : .
| | | T_abie T, (for _e'xampie_._ -table T,.) includes 16-bit
_'syml':ols- i:hmv':i.:ig- a DSV which increa'ses- in the positive direction.
| Conversaly, the 16-b:.t aymbols which are stored in table T have
a DSV wh:.oh uxoreases in the negat:.ve direction. As an example,
if the value of an 8-bit byte ia less than 64, this byte is B
.converte;d into a 16-bit symbol hav:i.ng a "relatively large st.‘..
Conversely. :.f the value of the. 8—b1.t byte. is 64 or more. t'u.s
byte is converted lnto a 16-b:|.t aymbol hav:.ng a small DSV. Those
16=bit eymbols wh:.ch are atored 1n table T, have pos:.t:we D.N and '
| those 16-bit aymbols which are stored in table Ty have negat:l.ve
DSV. Thkus, an :mput byte :Ls oonverted into a 16-bit ‘symbol,
having.pce;tive or .-x;egat;ve.'DSV, depend;l.ng: upon which _tablq 1_5- ,
, eelected for conversioh.- and the value of the 'DSV is large or
B .- small. r&epend:.ng upon the value of the J.nput byte that :La |
oonverte-d. o | '_
o '.'I.'he tablea '1‘1.. Tn,e oo Ty '.I.‘“ in Fig, 30 may be: N
construoted as. nous 62-69. an 1nput to be converted J.s supplied
from an :l.nput term:.nal 61 :.n common. to each of these ROMa. The
:pa:.r of tables '.E.. 7, of a fundamental table are coupled to a .
. selectoxr awitch which selects one or the other table to have read".
'. out therefrom the 16-b11: aymbol whlch corresponds to the input '
byl:e read out’ therefrom. As shown. se.l.ector switch 71

- aelect:.vuly couples the output from table T,, or table T,, to ‘an

qgas.m[amm . .- g8
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paelectzvely couples table '.l'2a or table Ta,to an 1nput x2 of

- -switch ’5. switch 73 selectzvely couplen table T, ‘or table T,

.llto 1nput x3 of. BWltch 75, watch 74 selecthely couples table
P, OF table Ty to 1nput x4 of sw1tch 75. Output switch 75 |
”_aelectxvely couples one of 1ts 1nputa xl-x4 to an output termznal p

78 undex the control of a table selector 76. Selector aw;tohes_
o 71—74 select e;ther table T, or table Ty under the control of a
-'::st calvulator 77.: The 16-bit symbol which ult;mately is
,suppllen to output 78 alsoc 18 coupled to the table selector and
to the DSV calculator. as lllustrated.

_ . Table selector 76 senses the end;ng bitas of the lﬁ-blt
.*_ eymbol tuppl;ed from sw1tch 75 to output termxnal 78 to det%rm;ne
‘whether .Eundamental table Ty Tp» Ty o0r 'I" should be selecteu.- in
-l;acoordance with the table selectlng cond;tzons dlscussed ebove.

'It is apprec;ated that the table selector thue controls lWl.Ch 75

- to aelect the 16=bit aymbol read from the proper fundamental

| table.: For example. if it 15 assumed that the 16-b1t aymbo;
suppliec to output term1na1 78 ends w1th slx. seven or. elgh,
success:ve Os, swltch 75 19 controlled by the table aelector to

. couple ite input x4 toxthe output terminal such-that the nesxt-

'l.followirg'lGhbit;eymbol is-tead‘from fundamental table T,. DSV
| calculator 77 calculatea the accuﬁulated'st; which is.upddﬁed in

reaponse to each 16-b1t symhol supplied to output texminal ‘8.
If the L3V increases in the positive direction, DSV calcula‘’or 77

o 5095 JAR/3193 . wp ' o 69 -
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_controle selector switchea 71 -74 to couple the outpute from their-
'reapectlve tables Tb.' COnversely, if the accumplatedlnsv is
jcalcula“ed to increase in the hegative direction. eelector.
_SW1tchee 71—74 are controlled by the st calculator to couple the
" outputs frcm their respectively tables T.. It is expected,
_therefove. that if the preceding 16—bit symbol exhibits a larger _
negative: DSV. athches 71-74 are controlled to select the rext |
i_i16-b1t mjmbol hav1ng a positive st. and the partrcular takle .
Iifrcm whvﬂh thlB next 16-b1t eymbol is read is determined by teble'
_ :.selector 76. Thus. the accumulated DSV is seen to approach and
E:foacillaie about 0. _ | _
.._ R aAn exampae of a 16-to-8 bit converter. that is, &

_ demodulator compat:ible with the. 8-to—16 bit modulator of Fiz. 30,
is illuatreted in Fig. 31. Here. tahles are qeed to carry .sut an
inveree?conversion,froﬁ'15—bit-symbole'to 8=bit bytes and ﬁach .

iirableelére idehﬁified-aa_tablee IT,. IT,. IT, and IT,. These .
."tablea ray be stored'in RdMs 84, 85,'86 and 87. It is expected
_that each a-bit byte read from a table corresponds to two ls-bit
Iisymbols. one having ' poeitive st and the other exhibiting
negative.psv. ;Alternatively. if the 16—b1t;aymbol is ueedrae a
iread.addreaa._each Beoit”bgte:etored iﬁ:artable may.have.two read
"}addreeaes. étated otherwise. each'a-bit'byte.may be.etoreQ’in
_ two aeparate read addrees locations. _ |
An- 1nput terminal 81 is- Bupp112d w;th a 16-b1t symbol.
| and this symbol is stored temporarily in a’ register 82 end-then

'.ms.m/axna,m S o -._-.70
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coupled in comon to J.nverse converaion tables IT- I'l‘.. In
- addition, a table aelector 83 is coupled to input tem:.nal Bl end
- to the routput of. regilter 82 so that 1t is suppl:Led concurrently
w:.th the presently received ls—b:.t symbol and the :.mmediately
- . preceding 16=bit symbol. Alternat:.vely. table selector 83 may be '
} thought of as be:mg suppl:.ed w:l.th the presently recelved lﬁ-bit '
'-  symbol (from the output of reg:.ster 82) and the next-follow:.ng
: lG_-__b_:.t. symbol. . 'rhe _table selector ‘is coupled to an output
'aelectox: switch 88 'which coupies to output' terminal. '89 either |
convera:x.on tabla IT, or conVers:.on table IT, or convers:a.on table |
.._'I'l‘s or. convers:.on table I'l',._ : . |
The manner in which table selector 83 operates now w:.ll
be descr‘l.bed. Aa ment:.oned above. the f:.rst symbol that ie
_produced J.nmedz.ately follow:.ng the frame sync pattern is IE‘nd
' --from convera:.on table P, in Fz.g. 30. lI'able selector 83 thue
'.operaten to detect the frame sync pattern go as to control output '
ew:Ltch 88 to couple- table T, to output term:.nal 89.
If. as ment:.oned above. a 16-bit eymbol may repreaent
- one or he other of two d:l.fferent B-b:Lt bytes. table seleci'or 83
- senses whether the next-follow:.ng 16~bit symbol, as suppl:l.ea .
' :.thereto from input terminal 81, is from conversion table T, or
o 'convera:.on table '1.',. 'I'h:l.s determnat:.on J.s made by examinusg the
_.If:.rat and thirteenth. b:.ts of such next-followmg 15-b:|.t sym’ :ol. '
If the table selector nensee that the next-follow:mg 16-b1.1 'l

B . _eymbol 1 L3 from table T,, output switch 88 ia su:.tably contrc;lled '
{.lnglunxyp L | '. _71 i / . .. e
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'r.'to selewt the xnverse gonversion table ‘which conwerts the Is-bit

symbol presently provided at the output of reg;ster 82 to ite -
proper &-b:t byte. A slmilar operatlon is csrrzed out whern teble :

| -selector 83 senses that the next-follcwxng 16=-bit symbol had been |

"read from converazon table T, in Flgo_30.

The present anentron converts an s-bzt byte lnrc a 16-

:':blt symbol. whereas the pr;or art converts an 8—b1t ‘byte into a

'5__14-b;t symbol_and rnserts three,msrgzn_b;ts_between-succes31ve-

_; symbola. Consequently, since the.preSeht;invention uses only_ls'
-bitsnih'its_bit stream as compared to the prior art use of 17
:;bits,'the modulation'techhiQue of the present invention results

'-1n an effect;ve reducticn 1n data of 16/17, or about 6%,

While the present 1nventlon is partmcularly applmcable

- to a cnunou on whlch computer data, v1deo data, a comblnatman of

ﬁv;deo end sndio data or computer flles may be recorded. thi
-1nvent1cn ie pert;cularly useful in recordlng and reproduci.ng
dlgltal vldeo dlscs (DVD) on whzch vrdeo data and its assoc.ated
audioc data are recorded. Such data is ccmpressed in accordxnce
'w1th the HPEG standard. and when compressed video dats is

'recorded on the d;ac. the aubcode lnformatzon zncluded in each

. sector header (Plg.'IO) includes a subcode addrees having t'se

""'value 3 or the vslue 4 w1th the resultant lubccde fleld appdarlng

. Gop /o183, PP o | 13

as showr in FlgS- 11D or 11E.. If the subcode address value 1s 3.'

-the user data recorded in the sector conforms to the standg”d Iso

- ;1112—2 (MPEG 1) or ISO 13818-2 (MPEG 2). Data that is rec:aded

i This Sheet Has Been Rei aced
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oln the subcode field, as shown in Fxg..11D. represents the
t“dxffereuce between the addrecs of the sector Whlch contaxns thls
subcode and thecleqd-sector-ln_wh;ch the previous I picture or
hextefollowing.r-picture is recorded. ‘It 13 expected that an I
-:pacture (that is; an 1ntraframe encoded picture, as mentioned -
_prevlously) is recorded in two ©r more aectore. Of course., each
fsector lncludes a header. However. the distance data which is
.recorded in ‘the subcode fleld shcwn in Fig. 11D repreaents ‘he
| dlatance to the lead. or flret aector in which the prev;ouu I
: p;cture or next-follow;ng I plcture is. recorded. If an I picture
"r. 15 recoxded part;ally in one sector and partzally in another. the
. sector leader of the 'other' seotor anludee 0 data to represent
the pre\Lous I dlstance and the next I d;atance in Fig. 11r
;That lsy the prev1ous I dlatance and the next I dlstance ans- Q.'
If the eubcode address value is 4, the subcode field
“”appears 1] shcwn in F;g. '11E and, as mentloned above, the picture
'type;data~1ndlcates whether.the.vrdeo-data thet is recorded in |
~ comprestad form in'this-sector_ia_x. P or B picture data auﬁ'the
.:temoorel reference data indicatec-the location in the seqoeﬁce of
- pictures in which this partlcular video picture is dzaposed. The
r.sector ln which an I, P or B pmoture fert is recorded is
-referred to as an I, P or B sectcr, respectlvely. even if e1ch I,
Por B picture data lﬂ recorded in a. traxl;ng port;on of that '
sector, while_other-p;cture.data is recorded-xn_e 1ead1ng portlon

thereot;
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F;g. 32 18 a bloek diagram of compreasion apparatue

whj.ch i used. to supp_ly-to J.npu‘l: terminal 121 of Fig. 1 MPEG
| cdmoresaed-videéndetal.;video:information; suﬁplied aa.'for
._rezample. analog 1um1nanee (Y) and coloxr dlfference (R~Y and B=-Y)
,a;gnals ‘are dxgztlaed by an analog—to—dlgltal converter 101 and
,compresued 1n aceordance wlth the MPEG compreaalon system by
_v;deo compreaalon clrcultry 102.' The compresalon aystem may be
;conaistent wzth the MPEG-1 standard (Iso 11172-2) or the MPEG-Z
a'standarﬂ (Iso 13818-2). The compresaed vldeo data is’ stored in a
buffer nemory 103 from which it is Bupplled to a multlplexo: 107
for mnlt;plexlng Hlth other data (aoon to be- descrlbed) whl
.fthen is input to anut termlnal 121 (Flg. 1). Infbrmatlonf.
related%to the:eompressed v1deo data atored in buffer nemorg”loa
lis auﬁpﬁied.to aystemleontrcller lloy.this information beingl':
~ indicative of)'for'e:anple; whetner the compressedfvideo data o
~r'coi=eapmnaa to an I, P or B picture, the temporal sequence'uf_
'_dzaplay pacturea in thCh thxa compresaed v1deo plcture is
- located. tlme code representing the tlme of receipt or time of
recording of the video data, etc. The information derived from
'.the-stored. compressed video data and supplied'to the syatem.
controller is used to generate aubcode xnformataon that is |
'reoorded in the aector header. It is- recalled from Flg._i %hat'
'thls lnformatlon 15 supplled from aystem controller 110 to mector .
header encoder 129 for znsertion into . the sector header ©f the

: ueer data.
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Audzo s;gnale, such. as. analog left-channel and: rlght- '
echennel slgnals L and R are dlgltlled by an analog-to-d;g;tal -
conver:er 104 and compreased in an analog data compreasion |
'fclrcuzt 105. Th;s ccmpreealon clrcult may operate 1n accordance |

_._w1th the adaptlve Tranaform Acouatic Codlng technlque (kncwn as

..: AERAC) cons;stent w1th MPEG-I audzo compreaaion or MPEG-2 audlo
.loompreaslon standards. It is appreciated that this ATRAC
-techn:que presently is used to compresa audio lnformatlon in

”c-recordlng the medxum known as the "Mini DlSC' developed by Somy
. Corporation. The compressed audlo data is supplled from
.compreaaron c;rcuzt 105 to an audlo buffer memory 106 from which
-1t-subaequently is coupled to a-multlplexor.107 for multlylexlng
.;w1th the compresaed v1deo data. Alternatively} compressisn .
c;rcu:t 105 can be omltted and the dzgltlsed aud;o data c¢an be

“"aupplhed dLrectly to a buffer memory . 106 as., for example, a 16-
bit PCM encoded 81gna1.' Selectlve lnformatlon stored in the
?audzo buffer memory is coupled to the system controller for use
'1n generat;ng the aubcode 1nformat1on that is recorded ir the |
'}aectoz header. |
| Addltmonal lnfcrmatlon. ldentlfled in Flg. 32 a8 sub~
.-1nformation. zncludlng character. computer. graphlc and wusical
'lnatrument for dlgltal lnterface data (MIDI) also is coupled to
'-multlwlexor 107. | ' '
| Pitle -data is generated by a character generatcx 111._
;_which,_for axample, may be of conventional construction. The

_sqsé..m,{sloa.arr o o '_ 75
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'.tltle cdata is 1dent1f1ed aa flll data and key data end ig
',compmeased by a CONPIEBSLOR c;rcu;t 112 which encodea the t;tle
- data in vartable run length cod;ng.' The compressed title data is
' coupled multiplexor 107 for subsequent appllcetlon to the xnput '
| termlnal 121 shcwn in Flg- 1. S o f _ L - .,3
o Preferably, multlplexor 107 multlplexea the compressed d.
V1deo audio’ and txtle data. together with the sub-information, -
in accﬁrdance thh the MPEG—I or MPEG-2 standard, as may ke
.desiresl. The output of the multiplexor ies coupled to,lnput
_fe:minal lﬁl of Fig. 1-whereat-rhe multiplexed daﬁa is ECﬁl
'encodod modulated and recorded on disc 100.

Fig. 33 18 a block d;agram of c;rcuitry for rez vverlng
dthe v;deo. audlo. tltle and sub-;nformatlon data that had been
.recorded on disc 100 and that had been reproduced from the d;sc o

'-H:by the¢ playback apparatus ahcwn in Flg. 2., The input to,%he data
recovery circuit shown in Fig. 33 is outpuf terminal 224 =»f Fig.
_ 2. Tﬁie'terminel is coupled,ﬁo a demultiplexor 248'whicb:
- .demultlplexee.the aforedescribed mnltiplered video, eudio and
| titleldeta ae well*es the aeb-informafion. The demultlpl'xor
=opera*ea in accordance with . the MPEG—l or - MPEG-z standard, as may
d'he dezlred. to aeparate the compressed v1deo data. the cgmpressed
- audic data, the compresaed t;tle data and the aub-lnformatlon.
'The c\mpreeeed videco data 1a stored in a buffer nemory 2{9 from
‘which 1t is expended ‘in expana;on c1rcu1t 250, proceesed in a

- post :roceasor 256, fox example. as may be needed to con: 2al
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lerrora“ and reronvprfed hark fn ana1og form hy d1g1fa1—fnrana1og
: convarher 251.' Expanslon circuit 250 operates in accordance wmth'
' the upﬂe-l or MPEG=2 standard such that the original video |
znformntlon is reccvered. ' | o
| Post’ proceasor 256 also ls adapted to superlmpose
§raph1"a1 t;tle 1nformatron on the recovered vzdeo data, mE‘Wlll |
..~be described below, such that the recovered title data may be |
sultabxy dlsplayed as by superpos;txon on a VLdeo picture.
_ ~ .The separated aud;o data is supplled from demnltlplexor
248 to an audlo buffer memory 252 from WhLCh 1t is expanded in an
” expans;on czrcult 253 and reconverted to analog form by d;gltal- .
_ tofanalog convartor 254. Expansion c;rcu1t_253 operates n |
- accordance witulthefMPEG—i orﬁMPEd-z or mini disc standarﬁ. as |
| may be: des;red.- if the audio data'that is recorded on diac'lod
'-has nct been compressed. expanslon clrcult 253 may be om,tted or
bypasmad |
Ag deplcted in Fig. 33. the sub-;nformatron separated
by demultrplexor 248 is supplred as a dlrect output s;gnaL.
.conslstent wuth the repmesentat;on shown 1n Fig. 32 where;n such
"-sublnformatlon is not,procesaed prior to being supplied ta
omultiplexor 107 and no processing subseguent'to'demultipleror_248
is 11&ustrated. | o |
The separated t;tle data 1s applxed to title buffer_
remoxry 233 from demnltmplexor 248 from whzch-the title data is

'l;decoded by a tltle decoder 260 that operates in a manner inverse

“ﬁﬁ:‘iﬁ fiii:ﬁﬂi m fin
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,to the operation of comprealion circuit 112 (Fig. 32).- That-ia.
ldecoder 260 may carxy out an inverse variable length decoding
R operation. The decoded title data is aupplied to poat p'uceaaor
| 256 for auperpoaition ‘'onto the Video infOrmation that haa been
'~ played back from the optical diac.-'
| ' Demultiplexpr 248 monitors the remaining capacities of
- buffer memories 249, 252 and 233 to.aensa.when theae memories are
frelatively empty or filled. The purpose of monitoring tha
d-remaining capacities of the buffer memories’ is to assure that
.'l_data overflow therein does not occur. |
System controller 230 and uaer interface 231 of Fig. 33
;are the same as syatem controller 230 .and user interface 231 in
'Fig. 2. ' | |
| The present invention finda particular application with
"Aj__a digital Vldeo diak (DVD) wherein the user information recorded _
“in the program area shown in. for example. Figa. 1-7, includes
- video and audio as well as file data. the latter being uaeful for
.computer applicationa. Fig. 34 is a_achematic_repreaen.ation of
ia general form-of an optical disk that can;be used both as a DVD
and as a CD-ﬁOM. with the video data beinglrecorded as "chapters®
:and. in. the preferred embodiment. each chapter being recc:rded in |
‘a resnective track. In addition to the usual. Toc inform:.tion,
tne optical disk achematically represented in Figs. 34 is
provided with an application TOC region disposed in the program -
-area and containing application table of contents (ATOC)

'_ ;-ms.mmn-»p | L -"7&
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“finformatlon that relatea to the recorded ohapters of v;deo data.-
| " As mentzoned above. the video data is recorded as, for
'example. MPEG—compresaed v1deo data; and at the present ceme. two
..dlfferent MPEG formats are used to compreas video data, namely
rMPEG-l end MPEG-Z technzques.- It is not unreasonable to expect
that etxll further vzdeo compressxon technzques will be adopted:
and auch-addxt;onal technlques mey_be Ldentxfled as MPEG-13, HPEG—_.
- 4, ete. ﬁikewiee;'the.audio.data which-accompaoies video
-r;programmzng may be compreseed in accordance with the MPEG 1l or
,-MPEG~2 formatss and ‘here too. 1t 13 reasonable to. expect that
. still further audlo compre-slon technlques will be developed. Ae
_.w1ll be descrlbed below. the aTOC Lnformatxon ;dentzf;es |
'tpredetermlned parameters of the MPEG—compresaed v;deo dats and
.dthe compressed aud;o data recorded in the reapectlve chapoers:
- and such ATOC Lnformatzon accommodatea the poasibility tl'at the
.andxo data need not be compreseed but simply may be PCM-eucoded.
-r'As used herein, the expreSSLon 'compressed audio data"™ ia-
.zntended to refer to audio data that has been either compressed
- in accordance w1th an MPEG (or other developed) format o:r audio
.dete <hat s;mply is Pcuyencoded. | ' |
| | From Flg. 32. it 15 seen that the user Lnformateon
"5e_recorded on the disk and. thus. the uaer lnformatlon rect:rded in
- respect;ve chapters. ls multiplexed from a stream of video data..
& stream of aud;o data and a. stream of tltle information, A
__chepter may contaln compreaaed v;deo ‘data only or a oomt.aatlon

SOOS.JOR/NI9IAPE . 79
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: f mulfzple#ed compressed v1deo and compreased aud;o data. or a
combxnatzon of multzplexed compressed v1deo data., compreﬁded '
vaudlo Jata and tltle data. _The amoc information serves te
| identify. for . each chaptér, the number: of “streams® of data that
"have b@en multiplexed to form the chapter, each . stream type and
'the partlcular format used to encode each stream. '
- The ATOC Lnformatlon also-lncludea data whieh
idéntiﬁies:egch-ehaptgr'by,,for,éxample, fhe namé of that ch;ptér"
r(whicﬁ,mayube Qsaigngd by the-manufacﬁurer,of ﬁhe disk to |
gidertify-different videoiprogramé), the-iocationa of the
rrespeut;ve chapters (that 18, the tracks in which the chapters |
'.are rﬂcorded) and the category of the programmzng 1nc1udﬁd 1n
"~ that 'hapter (for example. the v:deo program may be a movie, a
;mua;c 71deo. so-called 'karaoke'. a sport video, a drama, etc. )._'
st111 further. since the video data recorded ir a
' chapt@r 15 assumed to be compreased in aecordance with ar MPEG
"_formar. further Lnformat;on-relarlng to_MPEG-cqmpresaed plctures

_are included in the ATOC information. For example. the ¥PEG

u.~szngﬁ"may_coﬁpress"video~picturesvsosas tb-prcduce intri freme: ------—-
'309;-@;‘§}9§-m S . 80 \-—\ :
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'encoded pxctu:e data or predict;vely encoded pxctura data. as
:mentlcned above., Because of the part;cular characterzatmcs.of
'such Jntraframe encoded pzcture data. a video picture of |
- reasonably good qualzty can be- readlly recovered therefrcowm; and
the 1cuatlons of such 'I-pzcturea" recorded ;n each chap&ﬁr are
didentified in the ATOC information. Such I—plcture locatLona ‘are
-'khow fé"entry'pointa“: and the entry'point'dota-included in the
'amoc &nformat;on may be used to rap;dly accees and dlsplaj |
repreaentatlve chapter p;ctures so as to pe:m;t a user ﬁc play
=back & desired chapter or portlon thereof.
In Flg- 34, the applzcatlon moc reglon is illustrated
”}-f as be»ng recordad in’ the f;rst track of the program area. but it
will be apprec;ated that any predetermlned track in the program
'.;a:ea can be.assigned to thzc region. Flg. 34 also 111usirates
:  thc racoiding:of'eqch;chapter,in a single track; but it is
' conte@p1ated_that a.chapter_way;be'recordcd in c plurclitg of
_;trackp.c ﬁ:ofcrably.”hcneve:. not'ﬁore than one chaptcr is
| tecorﬁed'in a giveo track. Alao._fot convénience. ﬁhe chaptefa
: aré shown £o he-ieco;ded-in'sequence (thét is, if oniy-oﬁe -
chapter isgrecotdéd'infone.ﬁrack}_each.trcck contains the next-
higher chapter hnmber). but such sequential rgcordihg of chapters
. ie not'neceocaty...Of coursé. it-ic important thot'eacﬁiéhapter
be uniQuelf identified. and it is helpfui if there is a.diroct
.'correspondence (e.g.. one-to—one) between a part;cular chapter -

and tnc track ;n whxch that chapter is recorded.- Thua.-m desired

-ms.mma.m e .8'1_
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rchapter can be rapLdly accessed for playback s;mply by scannlng
the disk for the partlcular track 1n wh;ch that chapter is _
Lrecorded and then ecann;ng that track either for the beg;un;ng of
| ";the chapter ox for any desired entry po;nt therein. | '
It should be noted here that when the user 1nformatron
is recorded as chapters of MPEG-compressed vzdeo data and -
B compresaed audio data on a VD, each sactor in a chapter may be
.of the type shown in Fig. IOA or 108, and the subcode field
'ilncluded in each sector header may 1nc1ude the informat;on '
d_dlscueced'above in conjunctlon w1th Flgs. IIC-llE..
| Frg..35 represents the. appllcatron TOC region and
l'f'prcvrdes a preferred embodlment of the structure of the ATOC
l_1nformatron recorded therezn. Such data structure is couprised
'of the follcw;ng 111ustrat1ve aress: |
o " a disk rnformatlon area. which contarns data that is
uaeful'for the entlre;dlsk_and ‘not simply for a partlcurar
chaﬁtert o | |
several P chapter information'areas. ﬁith each auch
h_area ontarnrng informat;on relatrng only to 1ta correaprndxng
chapt-r. as. will be deacrrbed in greater detail belcw. tbe
'chapter lnformatlon aa-ccrated with -each chapter 1dent1fy1ng
predecermrned parameters of the MPEG-compreased video data and
‘the compresaed aud;o data recorded in that chapter.
an area 1n which all of the posslble names of the

'different chapters are.recordeds'

—_—_—
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an area uh;ch 1dent1f1e- all of the aforamentloned
.-'ﬁtréams' f data that conatltute the user Lnformatlon in the

E-chaptez3 and .
| an area wh;ch contalns entry polnt Lnformatmon that
Ldentlfles all of the entty po;nts in each chapter.
It is expected that the 1nformatlon whxch is 1nc1uded
' ih.ali éf the aforementioned argaa_;s lesa than the reco;dlng
.fjéapacity'df a daté-trackslahd the eﬁcesé.capacity-ofﬁthat_track
.:15 reserved for future use. The'humbef of bytes. which éonetitute
- each of the aforement;oned areas is deplcted in Fig. 35. .
The data which constltutes the disk 1nformatxon area of
~ the AYOC lnformatlon shown 1n ‘Fig. 35 is deplcted in greafer _'
-_detal; in Fig. 36. The fleldB wh;ch 1dent1fy the dlsk |
1'xn£ormatzon are deacrxbed more partlcularly as follows.

. ':ng_zﬂnaﬂiiiana Thise fzeld. comprised of 8 byt&s.
“contains:a:eha:adtér str1ng_that.1dgnt1f1es.the data strmcture
*'usedito';épreéent.the_amoc'information, This'TOC-idehti@;er.'

| whén detected by the controller in the DVD player permits the
1 p1aybhck operation-té be cqmpatible with the format in which the
_.Améc information and the cha§ter information are recordeﬂ; For
exaﬁpleg iﬁ_the character string of the TOC identifier is. |
| ®AVTOC001®, the data structure of the ATOC information and the
“data ﬁtructure of the usetﬁinformation recorded in.each ﬁhapter.

' are as shown in Figs. 35—44.
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' woc Lunguages This 3-byte data is intended to identify
the acuualﬂlanéuege of £he names that ‘are recorded in the name
'1nformntxon area of the application Toc region. It will »e |
appreclated that thzs 3-byte TOC.language is slmllar to tne Local
Language Country cOde reccrded as the disk information in Table
_ .. _ | ._ | | 1 | | | - _ |
_ ma_l__nmnuumggm; Th:l.s two-byte fizld
.'_;dent;fles the number of I-p;ctures that are recorded on the.
.l“'d;ak. Each . entry po;nt des;gnatea a sectcr in which an 1-p1cture

.firat is recorded.- It is appreclated that over 64k I-plutﬂ:es
'.can be recorded on the disk. | | '
The remalning f;elds shown in Flg. 36 are not Lurther
'descr,bed hereln as they are not needed for an adequate
'_ﬁunderatandlng of the preaent 1nventlon. ' |
- Each 32-byte chapter 1nformation area lncluded in the
appl;catlon TOC region exhlblta the data structure shown in Flg.
37 ag will now be described.  The xnformat;on recorded i each of
-the ciapter 1nformatlon fields is as follows-
| Chapter Numbert This 1-‘byte field identifies “he
‘numbexr of the chapter. and up to a maximum of 256 chapte*s can be
.-recorded as mentloned above, it is preferred to record one |
chapter in one data trackp and 1t is contemplated that one
'chapter may be recorded in two or: more data tracks. 5cwuver. it

;g preferred that no more than one chapter be recorded i.i. any

' 6005.MBF /3193 PP S -
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given.track. No two chaptexs on_thia.diak are identified by the
| aame.chapter pumber. o ' |
W—ZM= | This l-byte .field
"_ldentxfres the number of the track in which thia chapter'ia
_recorded. In the szmplest embodlment. if the appl:catlon TOC
region is recorded in track 1, then chapter 1 is recorded in
:track 2. chapter 2 15 recorded 1n track 3, and so on.
ghengqg_ga:ggggge Thrs 1-byte freld representa the

-program'information (or data content) of this chapter.. Tne value
of the chapter category data ldentlfle- the .chapter caterory as
ehown 1n Erg. 44. For. example. if the chapter contalns 2 movie,
the value of the chapter: category byte is 0. If the charter-;s a

N mus;c video, the value of the chapter category byte is 1. Other
'lexamples of - chapter category repreaentatxons are ehown 1h Fig.'
44 and rt is to be underetood that the pre-ent lnventloz 13 not
-Tllmmted aolely to the categorles whlch are shown. '
_ zgig;g:_gg;ghn;;g;;nings Thli 2—byte field Ldsntxfxea
- a part;cular B-byte field in the name field area of the

;'appllcatlon T0C regzon shown in Flg. 35. In the preferred
embodzment. 2, 048 different name frelds may be provrded in the .

'name fleldsarea ‘and the 2-byte poznter to chapter-name Lnarlg. 37.

_identifiesta respective.one of the_2.048,name flelds.. The name
of the chapter thus need not to be included in the 32-byte
chapter information-area'itself: and inetead a separate name

- fmeld area is provrded from which the name of this oorreqpondrng

s JMAR/3103. _ ' o 85
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- chapter is !ound. 'i'hus'. t.he.-chapter' name po:i.’nter s:.mply "po:l.nta" .
- to the appropr:.ate name field which conta:.ns the chaprl:er name.
If the name of the chapter requires more than a single
'- s-byte name field. for example, if two or more name fields are
'needed. sequent:.al ‘name fa.elds form a sultable "str:Lng" in wh:.ch
..the ent:.re name of the chapter is recorded In that event, the.

chapter name po:.nter e:.mply :.dent:.f:.ea the £irst name :E:.eld in

this string. _ N . . . _
wma This 2-byte :E:Le.l.d
'_ _prefe "ably :anludes several "po:.nters" wh:.ch :.dent:.fy res,pectlve
| 4-byte stream parameter :E:.elda in the pool of stream para*neter
fieldﬂ shown in Fig. 39. Aas wmentioned above, each chapte.r ia
formed of WEG-compreased video data together with oompreseed
- ':aud:.o data and/or title data. video compression may be in
accordance with the MPEG-l or. MPEG=2 format. audio compreaaion
may ba in accordance w:l.th the MPEG-1 or MPEG-2 :Eormat or with the
PCM f..;mat. The compreseed video data conat:.tutes one st ream,
the compresaed audio data conat:.tutee another stream and the
g t:.tle data cot_mtitutes yet a further_ stxeam. ' If, for exi;-'mple. a
| chapter con__sists of only '_or_te stream- o'f 'data auch. as H:PEGG '
oompreaaed v:i_.d_e'o. data; ‘only one 'atre'am- éarameter _pO:i.nter: ia '
meeded. - If the _chapter_ is formed of two muit’:i.plexe_d_ atreams of
~ data (e.ga-. v:'.deo data and audio data or' video data and title
' data) two stream parameter po:.nters ‘may be used. and if the
chapter ia fomed of three mult:l.plexed etreams (for example-
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.vxdec data plus audio data plus tltle data) than three atream
parameter pointers are preferred.- Each stream parameter poxnter:'
:ldentxfles a respective 4-byte stream parameter field 1nc!uded in
~ the peol of stream parameters (Fig. 39) which represents Lhe'.
'_ character;st;cs cf the correspond;ng stream that is included in
7th1s chapter. As dzscussed abcve in congunctxcn wsth Flgg 35.
the pool of stream parameters is recorded ln a separate area in
.'the appl;cat;on TOC regzcna "and each 4-byte stream paramecer
. field exhlbits the data structure shcwn in Fig. 41.
As shcwn 1n Fig. 41, each 4—byte stream parameter fzeld
- includes l=byte data representzng the stream type. and a |
-'_'repreaentatlcn of such l-byte data is shcwn in Fig. 43. -_
Dependzng upcn the value of the stream. type byte. the s'zeam to
which the stream parameter-pclnter_pcznts identifies the data.
inciuﬂed.in“thisicﬁapter as MPEG-1 ccmpressed-video_data, MPEG=2
| ccﬁprassed video_data; MPEG-1 ccmpressed.audio data, MPEQ—2
-ccmpressed audio data, a further type of MPEG-coﬁpressed data, -
.'title data or PCM audio data;' Thus..thia l-byte stream type data
 inclused in the stream parameter fieid to which the stream
.paramﬂter poxnter p01nt8 sat;sfactor;ly 1dent1f1es the neceasary __.
' param@ters of th;s stream of data 1nc1uded in the chapte}. |
As alsc shown in Fig.. 41, the 4-byte stream pa:ameter
- field includes l-byte stream ID data which identifies the number
'-.of st reams of data that are‘muitiplexed_in this chapter.

Conaistent with the foregoing discussion. the stream ID lyte may

oSS M40, R 1
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' 1ndic&te that the chapter LB formed of only one stream of data
(e.g.. compressed vzdeo data) or two streams of data (e.qg--
compressed v1deo end audio data or compreased video and citle |

::data) or three streams of data (e.g.. cqmpreased vzdeo aud;o .and

_ tztle data). _ | o | a

F;g. 41 further illustrates that the 4-hyte etream of
parammter f;eld includes 2-byte language data WhLCh 1dentrf;es
the lmnguage.of the aud:o-;nformation_or_tltle 1n£ormat1«n that
maj.be_included in this chapter.' o “

| | In the forego;ng d;acuse;on. it has been agsumed that
'the 2~byte etream parameter pornter lncluded Ln the: chapter
1nforwatlon area 1nc1udea several pointere. AlternatlveTg. only
'one pelnter need be 1neluded: and if the chapter consist; of two
-or thxee mnltzplexed stream- of data, as represented by lhe 1=
'byte ﬂtream ID data lncluded ln the atream parameter f;e d (Flg.

".41). successive stream parameter fields are linked to provide the
neceaaary representations of the tYpeg of atreams that are
muitiplexed in thise chapter. . For example, let it be aseemed tharf
a single stream parameter.pointer-ielihcluded in the chaj ter -
_infermatien;aree'and that this stream parameter pointer roints to
streem parameter no. 25. Let it be furtherrasaumed that this'
-ehepter eone;ata of multlplexed V1deo. audlo and title drta. The
4-byta etream parameter information recorded at stream parameter

- noe 25 thue includes a stream ID“value of 3. As a result, stream

- ?aramet§r tielde noa. 25. 26 and 37 and linkeq py thia atream ID

-soss.m/ma.np R 88 a This Sheet Has Been Re
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.used. the three stream parameters are lndlcated to ;dent;fy the
‘three types of streams ‘that are multlplexed in this chapter.'
Thus, with a s:.ngle stream parametez po:.nter. three 4-byte atream
parameter fields neverl:heless are :.dent:n.f:l.ed in the poel of
| streem perametere to thereby repreaent the formats of the

- .compreased video, oompressed audio and t:Ltle data included in

_th;s ﬂhapter. . , _ _ :
| nggggg_gg_ngsggn§3 ThiS'leb&te data_aimbly id@ntifiee
| the number of streams that are ueed ih this chapter. 1In the
'teﬁamples'discuaaed-ebove. if only campreseed video data is
' recorded in this chapter, than'tﬁe.value of the ;-byte number of
gtreams field is 1. If the chapter is formed of two mult.iplexed
atreems of date (e.g.. com@resaed.video'and coﬁpressed auﬁio of |
 comprwssed video and title), the value 6fwthe.nuﬁber of utreams
..E.i.eldi is 2. Ana if l.,lu.ee mulliplexed slreams of -dal..u ares .uued in
this chapter-(e.é.; comﬁtessed video, eom@reased audio amd'.
title), than the velue-of the number of etreams field is 3. It
- is appteciated.that the-nuﬁber of streams field can be umed to-
..lndlcate the number of 4—nyte streamnm parameter fields that are :
-llnked to 1dent1fy the formats of the data used to recorﬂ thzs
-chapter. . | | | '
| inter to Hnt: Peint: This 2-byte_field.ie similar
to the stream paremetet_bcinte:-end'ihéludee.a pointef.which
:identifiea a 4-§§te_entry point field included in the_poal~o£-

8095 MAR/3193.20F - 89
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' entry yoint informatzon shown in Fig. 40.- As mentzoned above, it
'ls expected that each chapter has. recorded ‘therein severa’ I~
;pactures.i Each I-plcture may be recorded in one or more sectora.
| The'adﬂreas of the'firat-aector in which-an_:-picture ig mecorded
.”ia deeignated an entry point.' The entry point pointer in:luded
~in the chapter lnformatlon area of Flg. 37 thua polnts to one of
theee entry pointe included in the entry po;nt pool (Fig. 40)3
'and. preferably. the entry polnt polnter 1dent1f1es the eatry
point fleld 1n wh;ch the flrst entry p01nt of this chapter is.
dealgnated. _ _
' Each 4-byte entry po;nt fleld ahcwn in Fig. 40 axhlbats
the dsta structure shown 1n Fig. 42. As llluatrated. entry p01nt-
'.data includes a 1-byte chapter number which_identifiea the .
.'chaptdr which containb thia~entry pOint-and a 3=byte address
‘'which identifiee the sector of this entry pOLnt. It willnbe
-_reccgnmzed that the 3-byte sector address ldentlflea the, addresi
of the firet eector in which thls I-picture is recorded. It is
" expected that a chapter contains hundreds if not thousande of I-
-plctures. Each I-picture constitutes an entry po;nt. '
.Preferably. all of the entry points in a chapter axe 1inhed auch
that znformat:on repreaentlng the first entry point in the entry.
point pool is 1dent1f1ed by the entry po;nt polnter in this -
chapter 1nformatlon area, data repreaentlng the next entxy po;nt
'_ln this chapter 15 recorded in the next entry point fleld in the
fpoolr and 80 On. _For ezample. if there are 500 entry polnts in

'?;9’-5;"‘!!;‘;’?!9".”! - .90
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" this chapter., 500,su¢eessive entry"point'fielda are linked:; and
.the first of these eﬁtrf point'fields is identified by the entxy
peint pointer. The number ofzauch-linked entry point fielids and,
thus. the number of such entry pointe included in thielchapter
'are-represented byithe number of entry point fields shewn in.Fig,
37. o o - o

| uu!hgg_gg_]n:gz;ggiggg This 2-byte field idenf:ifies

. the total number of entry points that are present in thls chapter
r_and. au mentioned abave thus determines the number of entry
- peint fields luded in the pool shown in Fig. 40 that are
'glinked;. It is appreclated that. by detecting the entry point
' bointer;and_the number of entry poxnta.-both included in “he
-chapter”informationiarea.-the.location of each eﬁtry point_iﬁ
- this chapter is identified. This ntmber of entry poiﬂt dita
permits quick acce-s to an arbitrary entry pOint included in this
chapter. ‘Since the location of the first entry polnt 1s:\nown by
the ertry point pOinter and the entry point. field identified by
: thil pointer, and since the locations of subsequent entry pointa
_likewise are known by reason of the linked entry poznt fiwlds, it
. is a relatively s;mple matter to rapidly access the third or
-twenty-fifth or one—hundred seventy fourth entry pOint. a3 may be
desired. o | |
ISRC This 12-byte,data.re§resents the Internaﬁional

' Standard Reccrding Code which identiﬁy a musical program secorded

mmmmegr 43
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in thia chapter. If thi chapfer does not contain a musical
progrém_. the ISRC data is recorded ee 12_ bytes. of_ 0 x FF .
| It is appreciated that the application TOC region and
'£h3 aforementioned A'.I.'OC 'information may be read:_i.ly genereted by
_- -roc' eneoder 125 (Fig. 1) or by a separate ATCC eneode_r coupled to
yet arzofher input of .s__w:'.tc'h 124 for reeording 'in, for example, |
‘the 'f:i.rst. track of the'progra.m area of ’che -eptical' disk.
Whlle the present J.nvent:.on has been partlcularly shown
and descr:.bed w:.th reference to preferred embodments. it will be .
'rea_d:.].,.y_ apparent to those of ordinary gkill in the art that |
various changes anci variatiena may be made without departing from
the spirit and scope of the invention. To the .exrenf that such
variations .a_nd .changes hé__ve_. been mentioned herein, the. appended |
claims are to. 'be- iriterpreted as inclu&iﬁg such variations end
- changes asa well as all equ:.valenta to 'l:hoae features Whlf ‘h have

been gartlcularly dlsclosed.

5095 .MAR/3193.2FF ' _' - 92
' This Sheet Has Been Re ﬂ aced

LT

Receive_d Time——.-15 Mar, 0:0]-—0 Print Tiirne---’-lS. Mar 0:37



'95-83~15 21 :39 SONY FOREIGN PATENT A +81354483863 - T-527 #.48/48

R L R e
S HII\||| 0 AR

' e : . i THIS SHEF{LQA A \J“ PATENT :

...... e e e e H::%TTEEV LACES _450100-3193

1. An optical disk having a diameter less than 140mm;

- 6031395 1934 pm
- [Me#ofenl

a thickness of 1.2mm £ 0.lmms & pluralitj of record tracks having -

data recorded thereon as embossed pits representing information,

the trecks exhibiting a pitoh-in the;range between 0.646um and

1.05um; . said tracks being divided into a lead~in area, a program

area arsd a lead—out area; said recorded data helng recorded in a
table of contents (TOC) region and in plural data track rerions
with ;a;d ToC reglon.bezng disposed in saxd lead=-in area, sa;d
TOC region.oontaining Toc'information and at least some of.said
plurol jata track regions containing user information incliding
HPEG-oompresséd video data and compressed audio data; said 'TOC
informa:ioh_being recorded in a first plurélity of sectors in

said TOZ region-and said-user information being recorded ir. a

'seoond Jlurality of sectora in aald plural data track reg;cns:

each dat:a track reg;on having a zeepective start seotor! %t 1d TOC

‘informat.ion 1no1ud1ng addresaes of the respective start sectorss

and sazd TOC information and aazd user lnformatlon being rtcorded
as moduated long diatance.érror co::eotion encoded data hsving
at_loaa" elght paztty symbola. |

| 2. The optmcal d;ak of cla;m 1 wherein said daia is
recordeh as embonsed pits with a l;near dena;ty in the rang=2.

between 0. 237pm per bnt and 0.378um per bit.
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; 3;*_ The opt1ca1 dlsk of c1a1m 1 further comprlalng at
.least one addltlonal TOC reglon conta;n:ng dupl;cate TOC
1nfc¢uat;on and d;aposed 1n sa;d lead-ln area.
4. The optical disk of claxm 1 further camprzuzng an
' appl;catzon roc reg;on d;spoaed 1n said program area and
-3conta:ﬂ1ng applzcatlon table of contenta (ATOC) 1nformat1nn
.eldent:fylng predeterm;ned parametera of the MPEG-compressﬁd v;deo
data and the compreaeed audlo data. recorded in reapect;ve data
. -'l-raﬂlr reg1ona. o |
| 5} _ whe opt;cal d;sk of Clalm 4 where;n the MEIS
comprﬁwaed vxdeo data in a respect;ve data track region i:
encoded in a aelected one of plural vrdeo cempresalon fbrrnts,
the ccmpressed audio data ia encoded ‘in a aelected one of plural
:'audlo *ormats. and said amoc 1nformat10n anludes plural ormat
..Ldentxfler data for 1dent1fy1ng the vxdeo compresa;on an.> audlo
_.format; ‘used in each data track reg;on. ' o
6. '.l'he opt:l.cal disk of Claim 5 wherein said
applidation Toc reg;on includes a parameter -ectlon conta:ning a
' 'pluraltty of parameter fxelds, each parameter f1e1d conta n;ng
-format ID data 1dent1fy1ng one of a vzdeo compreaslon forrat or
‘an audio format. and said applleatlon TOC reglon further ncludes
'plural track sectxons. each belng assoclated with a respeatlve
:rdata tzack reglon and each conta;n;ng at least one parameter '

'”fleld pOLnter to deszgnate the parameter field contalnlng Lhe'
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' ﬂformat ID data whlch 1dentif1es the video comprees;on format or
"audla format uaed in the asaoczated data track ragmon.

_ Toe The optlcal disk of Claim 6 whereln at least -,
l'traek section Ln Sald appl;catlon Toc reglon contalns pluzal :
“:parameter field. po;nters to dealgnate a correapondzng number of

parameter fields, the:eby Ldentzfylng the v1deo compmeﬂalon

o format and the audlo format used 1n the data track reglon |
. assoc1ated w;th sald one. track sectlon._ _ _

. 'ﬁ8.1 The Optloal ‘disk. of C1aim 1, further comprxalng an"
| V_applxcatzon Toc reg;on disposed in saiq program area and
:contalnmng applicatlon table of contenta (AEOC) 1nfozmatzon

.  .1denti£y1ng as entry- poxnta part;cular aectora in each data track
.'rEgzqn,that cqntazn-a-selectgd type_qf MPEG—qompressed v:deq

':_dgtai_ - B "l_ - o  '

| 9;i The optlcal disk of clalm 8 whnreln saxd MPEG~

1compre-sed video data is aelectxvely eompr;sed of 1ntraframe

"? encodeq pzctu:e data or: pIEGICthElY encoded p;cture data: and '
f: said ATOC Lnformatzon ldentzfles entry point sectors in eaﬂh data.
.'track zegion contaxn;ng 1ntraframa encoded ploture data.. “

e 10, The optlcal disk: of Cla;m 9 wherein saxd
: app11cat1on Toc reg;on lncludea an entry po;nt sectlon cohca;nzng

':.‘a pluralzty of entry point fzelds. each entry point fzelé |
fVGQntalnLng a aector addrese represent;ng a eector in a dat. trﬁck-,-

-7regzon contalnlng a beglnnlng po:tlon of Lntraframe encoded |

"_ plctura datal and said appl;catlon Toc region further inclndcu

';.EOQS.Il3131$3.lP! : _ o T e
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pluraL track aectlons. each belng assocxated Wlth a reapectrve
‘data track region and each-conta;nzng-at leaat one entry point
.:.-fleld pointer to Ldentlfy the entry po1nt fleld conta;nzng the -
' *aector address whzch represents the sector in whlch aazd
l'7beg1nnrng port;on of intraframe encoded pzctune data is recorded
| _: . :°[ 11. The opt;cal d1ak of c1a1m 10 wherexn said i
fi appllcatlon Toc region. further_xncludea data representlng the
number of entry poznt aectora recorded on sa;d disk. |
' : 12. The Optxcal disk. of clazm 1 ‘wherein salc MbEl-
'~fcampresaed video data and said’ cempresaed audio data are recorded
_as chaptera of user lnformatzon; and said dlsk further cowprlaes.
_ an application TOC reglon conta;nlng a plural;ty of chapter
sect;ons. each containlng 1nformat1on represent;ng respectlve “
_'chapter 1dent1f1catzon. predeterm;nnd parameters of the MPEG- :
| ccmpressed v;deo data and the compresaed audio data recorded 1n
'"sgid rmapectlve chapter, and entry point data 1dent1fy1ng-entry
':ppint ﬁectcre[in;which-selected,MPEGrcompresBed video data are
'r_e:cord,ecilo...' _ o o | K .. | |
.13 The cptzcal dlsk of c1a1m 12 whereln Bald
| $7appllcatxcn ch reg;on anludes a chapter name - aectlon coniain;ng
 a plurallty of name f;eldaa and sa;d lnformatlon in a chap*wr
[section IEptesentlng chapter 1dent1£1catlon 1nc1udes at 1395t one

. name poxnter to 1dent1fy a name fleld in thch the name of said

::_respect;ve chapter is recorded.
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':14. The optlcal dlsk o! c1a1m 12 wherexn sald
'-znformatlon 1n a: chapter sectlon representlng chapter _
erdent&flcation 1ncludes track number: data for 1dent1fy1ng the
_data track region in whlch Bald respect;ve chapter is recorded.
. | | 15. The optzcal dlﬂk of Clalm 14 wherein said

lhrlnformatxon in'a chapter sect:on representlng chapter
1dent:f1catlon further 1nc1udes chapter number data;for.'
Ldentmﬂylng the number of said respective chapter.
) 16, . The optlcal dlsk of Clalm 12 wherein. lald
"~ information in a chapter section representxng chapter - .
”:1dent1t1catlon includes category data for 1dent1fy1ng a category

. type Oa .said respect;ve chapter..
| L 17. The optlcal disk of c1arm 1 whereln each geutor of-
"sald firat and second plurallty of lectors 1ncludes a aecLor o
'header at a lead;ng port1on thereof. sald sector header
_.ccntaxazng a sector ;;;;_pattern, ‘a aector addreas..an errox.
..detectron code. and subcode . data. . o |
8. The optical disk of cla;m 17 wherezn sa:d aabcode'
'_ data 1n a given aector includes a subcode ident;fzer and aubcode-
.-1nformdtlon of a type 1dent1f1ed by sa;d subcode 1dent1f1er.
19; _The optzcal dlsk of Clalm 18 wherezn said mubcode
.1dent1tier ig a subcode addrela-__ . . | |
'20. The optxcal disk. of Claim- 18 wherein said uwiser-

' xnformntlon is picture 1n£ormatxon representlng a respect:

_pzcture,.sezd picture ;nfqrmatlon be;ng;recorded in at lear.: one
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-'-'Qﬂe¢t0$ in a data track region. and whereln Sald subcode _
;nfornat;on includes flrat dlstance Lnformatlon representlng the
distance from aa;d gzven sector to the ‘aector in which pLyture
'.'1nformatlon representlng a next precedlng plctuze is recovded and
second d:atance Lnformatxon repreaentlng the d;stanee fzom aamd
. given aector to the sector in which pzcture information
leV__repreeﬁntlng a next follcwing plctuxe ia reaordad _
o 21.e The opt1ca1 dlsk of clalm 18 whereln said naer
' 1nfoma'l"ion ia c.rmpreaaed p1 c"l-nrp dafa fel eﬂh v¢=1v f-nmpr'l fued of
-?1d1fferent types of compmesszon-encoded data representlng
.'reapec+1ve pzctures havzng a predetermxned display sequence. and
o a;d aubcode lnformatxon lncludes type 1dentm£y1ng 1nforma+1on 1
:ffbr 1dent1fy1ng the type of compreaalon-encoded data that is
© - recorded in sazd g:ven aeetor and sequence 1n£ormatlon for _
”'_1dent11ying the locatlon in sazd d;aplay aequence of the gsctune
irepres@nted by the cempress;on—encoded data that 13 recordsd in
 3aa1d given seetor. _ . | _'
| | _' 22. The optlcal dxsk of clalm 18 whereln aald uier
_31nformetion 19 variable over time, and said subcode 1nformat;on |
1 1ncludes t1me code ‘data- repreaent;ng time ;nformatlon at whueh |
';saxd uaer informatlon is recorded.: _ o
| ,23.: The optlcal dzak of Clalm 1 wherein sa;d TOC
efxnformatlon is repreaentatlve of record/playback characterﬁatlcs. e
_  d1amete.. xecording capac;ty and number of recozd tracks oi sazd
;'optzcal diak. '
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24. 'The optlcal dlSﬂ c£ lazm 1 Hherean.a id TCC
'Lnfo:matxon 1noludes roc zdentifzcatzon data for identify;ng
_1ocatlon of said TOC reglon, data oonfigurat;on of said Toc
dregzon, and aector confzguratlon of each of said pluralzty of
.seotoxe. _ _ _ _
T 25. The 9nt.1.cal d:.ak of Claim 1 where:.n.ea:.d TG,

‘lnformatlon 1ncludes data representatlve of 'disk size.

265' The optmoal dl!k of CIaxm 1 whereln aald Toc
1nfornatlon anludes data representatlve of a tlme code -
assocxated wlth sa;d user lnfo:matlon._' |
| 27}' The Optlcal digk of CIalm 1 whereln aaxd uaer

'l.mnformntmon 15 reproduclble at a selected one of plural peayback
d 1speedsr and said Toc informatlon_includee data representative of
 meid selected playbacl: speed. B
. ,_zsj_ The opt;cal disk of c1a1m 1 wherein said long
“_dlstance error eorrectlon encoded data is encoded by 1nsext1ng c2
and Ccl hold sections at predetermlned locatlons in the TOL and |
: ueer 1nformatnon ‘esupplied for recording and thereby fbrm1ng
ld_prelimlnary CI worde oompr;aed of plural data aymbola. genpratlng
.':c2 parlty aymbols in response to a predetermlned number of data
;rsymbola of the same number of prellminary Cl words and rep:aclng
a €2 held sect;on in a prellmlnary c1 word with said c2 pa“1ty
-Eymhols to form a precursory Cl word,. generatlng Cl parity
eaymbols 1n response to a precuraory ci word and 1nsert1ng :aid cl.

.parity aymbols Lnto a €1 hold section to form a Cl code word, andd-

- ms.mmn.m _ . :
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| - ua:.ng a pre-establ:.shed number of sald cl code words as said 1ong
-d:.stance error correct:.on encoded data.

29. The opt:Lcal -d:l.sk of cla:un. 28 wherein aaid
x.nfomt:t.on that is recorded as aaid long d:l.atance error
correc.t.:.on encoded data exh:.blt a symbol sequence d;fferea!: from_
:the. symbol. aequence of the 1nformat:|.on suppl-:.ed for record:l.ng. _ B
| _ 30.  The opt:Lcal disk of c1a:|.m 29 wherein sa:l.d €1 code

o word in compr:.aed of odd and even aymbols wi.th the odd eymbols |
| -_be:.ng recorded together in ‘an odd group and the even symbnls
bez.ng recorded together in an even group.
| 31. The op'l::.cal dlsk of. CIa:.m 30 wherein each cl code '.
- _-word 1.a formed of m symbols and each C2 code word is formed of n

f aymbola. where m and n are lntegeras and where:.n:

k= mxi + 2xj - m, when J .-< m/2
'- :.__'k =mxi + 2%x3j - '(m—:l.‘)_.-w_hen iz m/2, f

where J.:I.B tl;_e aeque_'nt.:i.a_l”order in "wh:i.ch t:hel Cl code worda'.are

precentéd for recording. j is 'the set;uential order of. the |
.symbolﬁ in each (o § code word preaented for record:.ng. .nd % is
.. -.i:he order in wh:l_ch the m aymbols are- recorded on the dlsk-

095 .MAR/31$ . APP i
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325 The opt;cal disk of clalm 1 wherein the long
dzstance ‘error correct;on encoded data is encoded in a

_convolutlon code.

| :j33;. The optlcal disk of c1a1m 1 whereln said Tnc and
_ ".uaer 1nformatlon are modulated for recording by read;ng from a.
l-@iaelecfed one. of plural storage tablea a 2n-bit symbol in. xesponae”ﬁ
"to an n—b;t byte Bupplled for recordlng, the aelected stcrage
'table belng a functlon of the precedlng 2n-b1t aymbol thai: had
ee:been xead.-' _
34._ The optlcal d;sk of Claim 33..where1n succuasive
-Zn—blt symbols are run length llmited. .
35. The optlcal dlsk of cla; 4 wherein diffexent'ﬁn-
_'biﬁls wbols aze ‘stored reapect1VEly in at leas£ twe of eaid
l%}astorag@ tables for ‘the same n-bit byte. | - |
) o 36; The optlcal dlsk of Clalm 35 wherein the 2n~bit
l aymbolﬂ etored in. one of said. two storage tables exhab;t pos;tlve -
:;”dlgltal sum_ value (DSV) and the 2nrb1t symbols stored in the §
.othe: ef sa;d two. storage tables exhibit negative DSV. o
: - 37. The opt;cal dlsk of clalm 36 whereln the selected
| Q;'ﬂfnrage fahlp in defermined AR A fnnrfaon of fhe numher of ‘ﬂ“l
lb;ts Ln whxch the precedang 2n-b1t aymbol termanatea and |
'aooumulated st of a p:edetermxned number of precedlng 2n-ﬁ1t
.H. . 38. A method of record;ng data on an optlcal diek
tflhaving a dlameter less than 140 mm, a thlckneas of 1.2 om x 0.1

808 m/m;g. S | .lOl: ;

Received Timg;;;__15;Mar._9;55 . Print Time ]15.Mar,10:32_



'95—@3-15 11:84  SONY FOREIGN PATENT A +8135448363- - T-536 F. 09746

.&um;s.mmuw:mu-(zxz)m-mz . _ - ©03-1335 :19pm
To: Hir. Pouhthatsa Ow - Song at € GS010G0118154435703 launnron-

IIII|III il | ||I|I I H

mm and a reoordlng area d:vxded lnto a leadrln area. a prognmm
'”erea and a lead-out area, sazd method comprxs;ng the ateps ofs
; prov;d;ng user informatzon lncludlng HPEG-compreased v1deo data
':and compreased audio data.-for recordlng in a plurallty of .
- sectors. in user. trackss provxdlng table of contents (TOC)
.1nformation for record;ng in a plurallty of seotors in at least
- one TOC track. aald TOC. 1nformatzon 1nolud1ng addresses of |
:'”reapectzve atart sectors..eacb ;dent;fy:ng a start aector of a |
'l:respectxve user trackt encodlng both sazd user Lnformatlon
anludlng HPEG-oompressed v1deo data and compressed aud;o data

. :
land said Toc znformetion ln ‘a long dlatanoe error oorrectlon ‘code

PATENT
450100-3193 e

T:-hQVLng at least e1ght parity symbolss modulatlng the encoded user

:l-‘and TOU lnformatlons recordlng the modulated. encoded Toc
'1nformatlon as emboased plts 4n’ sazd at leest one TOC track Ln :
'_Sald leadpln areas and recordlng-the modulated. encoded user -
--Lnformatzon as embossed plts in aa;d user tracks in said pwogram.'

n'area w_th a track pltch in: the range between 0+646pm and 1 . 05pm.,

39. The method of cla;m 38 whereln each of said steps -

- of recordlng is operatlve to record said embossed pltﬂ wilka a
;_lxnear denalty Ln the range between ‘0. 237pm per bit and 0. 37aym
gfper bmt. | ' o | |
: . 40. The method of Claim 38 further comprlalng tﬂe step
'”of recording at least one addzt;onal TOC regxon containlnq

”dupl;cete Toc information in said lead-in area.'

8093.JAR/IS.APR 102 -
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41.' ‘The method of Claim 38 further compr;azng the step
; of reeordlng applrcatlon table of contents (AEOC) lnformatxon in
.an appl;catzon TOC reg;on 1n aard program area 1dent1fylng |
:predeterm;ned parametera of the MPEG-compresaed v;deo data . and _

"~ the eompreased audmo data- recorded in reapectlve uaer tracka.

_ 42. The methed of c1a1m.41 whereln the HPEG-compreased
video data is provided in a selected one ‘of plural vmdeo
-]compresslon formats. and the compreaaed audioc data is: prov;ded in
;.a selected one of plural audlo formats. and aald atep of
. recordzng amoc 1nformatlon 1ncludes record;ng plural foxmat
B -ldentxfler-data for ldentlfylng the-vrdeo_eompresaron and audio'
'formaia ‘recorded in each user track. |
| 43, The method of C1azm 42. further comprlarng whe .
:”jstepa of recordlng a parameter sect;on in sald appl;catzou Toc
regior. eontaznxng a plurallty of parameter f;elds. each purameter
;ffzeld contarnzng a format ID code 1dentify1nq one of a v1deo
f'.compreas;on format-or-an aud;o format, and recordlng plural traek
rsectlcns in aazd appl;cat;on Toc region, each track nectzﬁn be;ng
.aaaocrated w1th a. respectlve user track and record;ng 1n ach
3:track qect;on at leaat one parameter f;eld po;nter to deargnate -
the paxameter fleld containlng the format ID code whlch |
. identifies the v1deo oompreas;on format or audio format of the_'
'#ﬂer.i$formation'reeorded in the asaociated uaer.track;'
| | 44; ‘The method of Claim 43 wherein plural paramater B
;.fleld poxnters are recorded in at least one track sectior . in gaid

'.sossmlsmm ' S 103
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'app11<atmon TOC reglon to deslgnate a oorrespondzng number of
.-'parameter flelds. therehy 1dent1fy1ng “the video compresalou
-jformat and the aud:o format of the user Lnformatzon recorded in
.ethe user track aaooo;ated w1th sa;d track aectlon._ o
| - 45. The method of Claim 38 further ‘comprising the atep :
ei-of reoordlng applzoatzon table of contents (ATOC) Lnformaaaon in .
'Jan apglication TOC region in sa;d program area 1dent1fy1nq as |
;-'_entry p01nts particular - sectors in each user track that oontaln a
”selected type of MPEG-compresaed video data.
_ 46. The method. of clalm 45 whereln aaid MPEG-
'o'oompressed v;deo data 15 seleotxvely oomprlaed of lntrafxame :
:-._'enoodsd plcture data or predxct;vely encoded picture data: and -
sa;d Aroc znformatlon Ldentlfles entry. Polnt sectors in emCh user-&ﬁ*
'traok *ontaxnlng intraframe encoded p;cture data._ |
_ " - 47. The method of c1a1m 46 furthor compr;sxng the step*-hi““
of recordlng in an entry po;nt section a plurallty of entry p01nt'
1f1e1d- of said appllcatzon TOC region. eaoh entry point tdeld _
”havzng recorded there;n a seotor address repreaentlng a 8¢ tor in -
_ a user track oontaxn;ng a beg;nnlng portlon of 1ntraframe encoded o
i_pmcture data._and reoordlng plural track seotlons in aald
.;applzcatlon Toc reg;on. each being aaeoozated w:th a respeot;ve
ff:uaer tnaok and each hav;ng recorded therein at least one entry
“poznt fleld pointer to 1dentify the entry point field containing
the’ seotor address whloh repreeento the aector in wh;ch eazd

fbeglnnzng port:on of Lntraframe ‘encoded plcture data is re«orded.
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o 48a' The method of clarm 47 further ccmprlslng the :
ateps of recordlng in said appl;catlon TOC regzcn data _
L representing the number of entry polnt aectora recorded ‘on aald
| disk. | _' | o
_ _49;* The methcd cf Claim 38 further comprlslng the
..uatep' cf reccrd;ng aa;d HPEG-ccmpreased v1dec data and said
'.canpreaaed ‘audic data as. chapters cf user information; and =
hrecordlng a plurallty cf chapter aectlcns in an appllcatzcn TOC
| -'reg:.on. hav:.ng recorded there:.n :.nformat:.on representing | |
ﬁ.reapectlve chapter 1dent1f1catlcn. predetermlned parameters of -
J-_:the MFEG—ccmpressed vadeo data and the campressed audlc data
. recorded in sazd reapect;ve chapter. and entry polnt data
” Ldentxfyang entry p01nt aectora in Bald respectlve chapter in
thch aelected MPEG—ccmpreaaed vzdec data are recorded. |
| | 3_50.; The method of Claim 49 further comprising the
-_stepa of record;ng in sa;d appl;catlon ToC regzcn a chapter name
) aect;on conta;nlng a plural;ty of name f;elds; ‘and recordlng in a
t:chapter aection. as informatlon representlng chapter )
'; 1dent1”1catlon. at least ‘one name pointer to identify a neme
:~f1eld n whlch the name cf aald reapectzve chapter is reccrded.
51. The method of c1a1m 49 whereln said 1nfcrmatlon in
';a chapter section representlng chapter 1dent1f1catrcn 1nclndes
hh_;track number data for Ldentliyang the user track in whzch said

reapectxve chapter is recorded.
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' 52.' The method of Claim 51 whereln sard 1nfonmatron in
”"a chapter aection representing chapter identrfrcatlon further
1nc1udea chapter number data for rdentzfyzng the number of Bald
'hrespectlve chapter.i' ) ' | d
| o 53;- The method of Claim 49 wherein said information in
& chepter eectlon repreeentlng chapter 1dent1f1cat;on ‘includes
: ;categery data for Ldentlfyrng a category type of aald respectlve
,chapter.- B o -
) y 54.: The method of clarm 38 wherern each aector in at .
least sa:d user tracks rncludes a sector header at a lead.ng
| porticn therecfs and said step of-recordrng-user rnformathon
| anludes recordrng 1n ea;d sectcr header. a. sector sync pi ttern,
';a-eector,address. an error detectlon code. and subcode daia.-'
| ;'5 5. The method of Claim 54 wherexn said subcode data
_ hln a grvenlsector 1ncludee a subcode ldentrfier and eubcoae_
E_Lnformatron of a type 1dent1f1ed by sald aubcode identifier.
. 56;; The method of Claim 55 wherern sald eubcode
'-1dent1 lier is a subcode addresa.,'_
_ 57. The method of Claim 55 wherein said user
,'infcrmhticn is pictﬁrehihformaticn repreeenting'e:reepective;_
picturn) andhaeid_step“cf.recerding.ccmpriaes recording said
*picturw_information_ih at ieast.cne sector in said ueer tracks,
“and reccrding es~eubccde infcrmatich first dietence.inforrition;
';representlng the dietance from said given sector to the s=ctor .
'.Ln Whlch plcture lnformatlon represent;ng a next precedrng

5095 .HAR/3], ;& AP o | - - 106
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.-piétﬁrﬁ,is'recorded éﬁd‘aecpnd dzstance.informat;on representing
:t§§ aisfance'frqm said given sgctorito the sector in ﬁhich1
;p@eﬁuré:infé;matioﬁ mepresenting a5neit_fbllowin§ pictﬁue is  “

recozded. R -

'  58. The'ﬁethod-of claim 55 ﬁherein éaid ste§ of

'eﬁcodhng said user infomatlon compr:.ses compre-aing a . -
Lpredetermlned dlaplay sequence of pxcture data in aceordance with
;selectzvely dlfferent types of compressxon-encod;ng techn.qpe.-
and sazd subcode 1nformatmon anludea type 1dent1fy1ng
' 1nformatzon for ldentlfylng the type of compreasxon-encodxng
' technique that is uggd to compress the data_reeoxded-in Edld._”
"'givén'séctor and.éequencé'ihf§rmétion for ideﬁtifying the -
; _ 1ocat1nn in sald dllplay aequence of the p1cture repreaenwed by
o  :the ccmpressed pzcture data that is reco:ded in sald giver
“'aecto:._ ' | : |
| 59, Thefmethodﬁof 01§im'55 Wherein.éaid usér
. information is var;able over tlme. and said subcode lnformatlon
Vfinclud@s time code data representlng time LnformatiOn at which
_ aaLd uaer Lnformatmon is recorded. ' |
' '~ 60. The methoé of cla;mLSS wherein said Toc _
'inférmatidn is repreﬁehtati?e of rec0167§1ayback eharactéiiétics;.
diameter, recording capaclty and number of zacord tracks of said -
 ﬁopt1cal dlsk._ | '
61; The method of Claim 38 wherezn sald step of

-:acordmng sa;d Toc znformatlon anludes the eteps of record;ng

fscss m/sm.»r . 107
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'f'roc idant;ficat;on data for ident;fy;ng a 1oeation of sazd at
1eaat mne Toc track. recordlng a data conf;guratlon of saﬁd at
r_leaat one TOC track, and reeord;ng a sector conf;gurat;on of each
"“of aaisl pluralzty of aectora. _ |
‘ 62;_ The method of C1a1m 38 wherezn sa;d TOC
rlnfornatzon ;ncludes data representatlve of dlsk slze.
B '-63.. The method of Claim 38 whereln said TOC
'  :1n£ormation zncludea data representatmve of a time code
'_4 assoczated wath said usex. Lnformatlon.
| 64. The method of claim 38 where:.n said user
jinformation-ié reproduc;ble at a selected one of plural-playhéck
- speeds' and sald step of recordlng aald Toc 1nformatxon includes
: '_the step of record;ng data representatlve of said selectea
| .-.-_playbaak speed. | |
; - 65, ‘rhe method of Claim 38 wherein sa:.d step of.
- encod;ng 1nformat;on in. aa;d 1ong dlstance ermor correct;cn code'u
  “1= comprzsed of receiv1ng aald user and Toc 1nformat10n as 1nput i
data; nsertlng c2 and c1 hold sectlons at predetermlned
 -:locat10ns in sald input data and thereby form:ng preliminary c1 .
| - words gompr;sed_of-plurgl,data sympols; generating C2 parity |
'symbolé'in responae to a ptedafermined numbef of dﬁta aymbéls of
':jithe aame number of prelzmxnary €1 words and replaclng ac2 hold
.3;-sectzon in a prellmznary Cl word with aa;d c2 parlty symbols to
-fform a- precursory c1 word, generatlng Cl par;ty symbols in

Vreaponse to a precursory €1 word and inserting said c1 paz ty

_ s o "
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szmbola 1nto a cl hold eectlon to form a €1 code word. and u51ng
‘a pre-establxahed number of said c1 code words as eaid long
: d:.stance error correct:.on encoded data. '
66. 'I'he method of Cla:.m 65 wh.erein sa:.d step ot .
R reoord:.ng oompr:.oes reoord:.ng the symbols of the c1 code worda in
a symbol sequence different . from 'I:he aymbol aequenoe of sa:l.d |
- prelmnary Ccl words. _ _
. 67, The method of c1e1m 66 where:.n a prelim:.nary c1l
| code w*rd ia oompr:.sed of odd and even eymboll and wherein sa:l.d
; step of reoord:.ng records the odd symbols together in an odd
_group and reoorda the even symbola together in an even group.
o 68. : '.I:'he method of CJ.a:un 67 where:.n each c1 code woxrd
.. is foraed of .ﬁ aymbola :.nelud:.ng m~n Cl par:l.ty symbols. where m

. and n are :.ntegerst and where:.ns -

J_:'_=- ,mx.z- + 2!]' - m, wh.e‘n j <m/2
k= mx_i - -28.-]' - (m—l)' wheuj = m/2:

' where i is the aequentiol- o:rder of the preliminary Cl words of
] :.nput data. j is the sequent:.al order of the m symbols - in @ach
_preu.m:mary c1 code wcrd. and k. is. the order in wm.cn the

:_:aymbols are recorded on- the d:.sk._
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o ' This Sheet Has Been Reﬂlaced :

Re.cei'v'e,d' T"i'-me' 15, Mar. 8% Print Time 15, Mar. 10:31



'95-@3-15 11:09 = SONY FOREIGN PATENT +81354483063 = T-536 P 17/46

¢ Feow:. Covtis, Morris & Sofford at W (212) 6%-8712 S eoa-ﬂ-ss

Br. Yoshikatss Dun - Sovy ot © BASE1007I1AITAMASIES - - | m_onutm-

l|||l||| I\ll\l III\I Il \III “

.

450100-3193_

69. The method of Clain 38 wherein the step of
'enoodzng comprzaes encodzng said user and TOC 1nformatlon in a
_convolut;on code.

70, The method of Claim 38 whereln said step of

fmodulatxng oomprisea supply;ng sald 2OC and usex 1n£ormat1on as

.n-b;tjhytea. :eadlng from a seleoted,one of plural storage.taplee :

'}-a 2n~bit. aymbol in'response to a supplied n-bit byfe. and

"'seleetzng sazd one. storage table as a funct;on of the pxecedlng
2n-bit aymbol tha'l: had been read. ' | |

_ 71. The method of c1a1m 70. wherein successlwe 2n-bxt
.symbols are run 1ength limited.

_ 72. The method of - clalm 71 whereln dlfferent 2n-b1t
'{, aymbols are stored respectxvely in at 1eaet two of said storage

-tables for the same nrblt byte. a

-e 73 ~The method of C1a1m 72 whereln the 2n—b1t symbols

.stored 1n one of sa;d two storage tables exhlblt pos;t;ve d;gztel-ﬁ

- sum vaiue (DSV) and the 2n-b1t .symbols stored in the other of

1.sald tus etorage tablea exhlbxt negatlve Dsv, .
' 74. The method of Claim 73. wherezn the step of

V.aelectlng aald one storage teble is determzned as a’ funotl:n of

l;the number of 'O' bits in whlch the pteoedxng 2n—b1t symbo.
'ﬁftermznatea and accumulated DSV of a predeterm;ned number of
preoedxﬁg ‘2n~bit symbols. _

| '75. A method of reprodnclng data from an opt;cel disk
frhav1ng @ dzameter 1ess than l40mm. a thlcknese of 1. me S Gﬁlmm

'sossm/amﬁ,»p . ' S 110 o -
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dand*a.redordihg arealdiVided inﬁo a 1ead-£h area. a-program-area"'
“eand a lead-out area. and wherern said data is recordnd as
-{_embossed pits. repreeentlng modulated. errcrbeorrectien encoded
user xnformatxon includlng MPEG—compressed v1deo data and
“:eqmpreased audlo data in sectoru in user tzacke in lald program_ -
" area., repreeent;ng modulated. error—correetxon encoded talile of
 contents (TOC) 1nformat;on in |eetora in at least one TOC track
in saa;,lead-xn;area wlth;sald 70C information 1nc1udlpg -
addreases of_reepective start séctors'of eaidzuser_trackeb end
reprea#nting application-tablefofICOntents (AEOC) inforMafion in
'r-sectors in at 1eaat one track in said program area related to
u'saxd MEEG-campressed video and. compressed audio datas the traeka
havrngia track pitch in the range of 0.646um to 1.05um) aald,u-
- meﬁhedtcemprising the steps of rotating eaid'diak to ebtain a -'_
_conetaﬂt l;near veloclty prOjectlng a plckup l;ght beam hrough L
- a leng for Optlcally readlng the rotat;ng dlak. sald plckup llght._
- beam hmv;ng a. spatlal frequency £ = A/ZNA. where the - spatral
l'frequexcy 2 is less than the track pitch, A is the wavelemgth of :
'dﬂthe p;wkup lzght beam and NA ie the numer;cal aperture of the
1ens; demodnlat;ng the data read from said diakv error corxrecting
| the demodulated dataf separat:ng the error corrected data into
f'roc Lnformat;on. ATOC 1nformatlon and user 1nformat10n; uulng |
";eazd TCC Lnformatlon to access and read selected user. tracks in

“respense_to access ;netructzons from a users and u81ng_saxd-AmOC

E 8085 MAR/Y:83,APP o ’ - 111 i
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:_ ihformeﬁiOn.to reﬁrodﬁce ae;ected:video and.audio data from said
'.dieks _ , | _ R o |
76. The method of c1a1m 75 wherein sald emboesed pxta
-_have a linear denslty in the range betWeen 0.237um per bit and
0. 378m per bit. | , |
| _j. 77, The methcd of clazm 75 wherein at leeat one
'addztional moc reg:on contazn;ng dupl;cate TOC lnformatzon is
7located in said lead-;n area. . |
| - 78 The method of c1a1m 75 where;n said aroc _
:f'infcrmet;on ldentlf;es predetermlned:parameters-of-the MEHG--"
rccmpreesed video date and'the.compreseed.audio date'recordec-in. 
__respectlve user tracks.,- | _ ; | | | _
% "79. The method of Claim 78 where;n the M?EG—compressed
: v1deo data in a respective user track ia enccded in a eelected |
'.one.of plural v;deo compreas;on formats. the compressed avdio -
. data ism encoded in a selected one of plural audlo fcrmats. and '
- sa;d Aﬁoc informat;on anludes plural format Ldentzfler da.a for
_fldentliylng the v;deo ccmpresa;on and audlo formats used in each
",ueer txack. .
| | '80. The method of Claim 79- where;.n eaid ATOC =
'*lnformatzon includes a parameter sectlon conta;ning a pluzﬁlrty
of parrmeter frelds. ‘each parameter f;eld conta;nlng a format ID
'.ﬁ_ code 1eentzty1ng one ot a vrdeo ccmpreaa;on tormat or an auadio -
_..ﬁ_;mat, and p'lura'l track aeej-.u;na, ea.nh he-nng aranci at.ed with a
respecti#e user tlaUE—:Ef each'containing.at 1eae£_pne'parameter

i“”ammnmlmw - o - 112
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. field pointer to dea:gnete the parameter fxeld COntalnlng the
-"fbrmet ID code whzch ;dentzf;es the v;deo compression format. or
aud;o format of. the ueer 1nfo:metaon :eeo:ded ;n the es.oc;eted
o user t;eck. ' o -."“ - _'” .
) 1'81; The method of cla;m 80. wherezn at least one ‘track.
. _aectlcn of laid amoc 1nformatlon contalns plural perametea f;eld
”lpoznters to des;gnate a correepond;ng number of parameter fields,
thereby 1demt1fy1ng the v1deo compresszon formet and the aud;o
:7'format of the user informet;on recorded in the user track
5_aaaoc1ated Wlth semd one track sect;on. : i
| ; 82._ The method of CIalm 75 where:n said aToC
”Q:lnformatlon 1dent1f1es as entry po;nts partlcular sectors in each
' ,duner traok that aantaln oeloated HPEG-oompreuoed videco data.’
._ :'53?, The method of c1e1m 82 whereln said MPEG- |
.compreﬂeed v;deo data is . selectzvely eompr;sed of 1ntraframe
encoded plcture date or pred;ctively encoded plcture data; and
”}' aald ATOC 1n£ormatzon 1dent1f1es entry polnt sectore in eaah data
V:_track conta;n;ng 1ntraftame encoded picture data.
_ d | 84.' The method of c1aim 83 whereln ATOC 1nforma,1on
_includea an entzy 901nt sectzon contalnlng a plurality of entry
polnt flelds. each entry po;nt f:eld conta;nlng a sector address
,  represent;ng a aector in a uaer traek contalning a begznn:ng
'portxon of Lntraf:ume encoded plcture data. and said Amoc |
_-lnformetlon further 1ncludea plural track sectlons. each be;ng
eesaeuiated wlth a reapeetzve user traek and each eenta;nxng at

. "soss.mnm.arv C ' _'__-113'
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:ﬂleaat one entry poznt freld polnter to. ldentrfy the entry po;at
_f;eld contazn;ng the sector address Whlch represents the aector
.i_1n which said beglnnlng portion of 1ntraframe encoded pzcture
;data lﬂ recorded .
| | 85. fThe method of Claim 84 wherein. said aToc
-‘infornmtion further lncludes data represent;ng the number of
_:entry po;nt sectors recorded on: said disk.
| _ 86. The method of c1a1m 75 wherein said MPEG-
-i campreased v;deo data and sa;d compressed audlo data are ﬁecorded'
-e”aa chapters of uaer Lnformatlons and ‘said AZOC Lnformatlor .
'j:'contelﬁa a plurality of chapter sect;ons. each contaznzng |
1nformat1on represent:ng respect;ve chapter 1dent1f1catlor
“predetﬂrmlned parameters of the MPEG-compressed video dats and R
_‘t_the cowpressed audlo data recorded in aald reepectrve chagl:er, |
| ... and eniry po;nt.date 1dent1ﬁy1ng entry point sectors in ea;d_
'recpective7chapter_in which sélected MEEG-compretoed video data
itare recorded. | ' |
_ 87. The method of Claim 86 wherexn sald ATOC
) tlnformatlon further contaln- a plurallty of name fieldss and said
- Tlnformarlon in a chapter sect;on repreaentlhg chapter
'1dentlircat;on includes at least one-neme_901nter to identiify a
' name £irld in which the,hame{of'gaid respective chepterliu-
'Jﬁ'}recorded;. S _ : | .
-BS._ The method of CJazm 86 wherezn said informavion in

chaptﬂr section repreaentlng chapter 1dent1f1cation 1ncludes

i Rﬁll
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. treck number deta for ldentlfylng the user track in wh1ch said
' 'respectzve chapter is recorded. | ' - |
_ ' 89, The method of Clalm 88 wherezn eaid 1nfcmmatzon 1n.
.. a chapher eectzon representrng chapter identxfxcat;on fur her :'
: anluaes chapter number data for ldentlfyrng the number o uald
.respentxve chapter. o _
. 90. The method of Claim 86 wherein aazd 1nformmtlon in
' d a. chapmer sectlon represent;ng chapter 1dent1f1cetlon 1ncludes |
',; categcry deta for Ldentzfylng a category type of said respectlve o
 chapter. | | | | |
i : 91. The method of -Claim 75 wherezn eech aector of sald:
user and TOC tracks ;ncludes a sector header at a leadlng portlon
'.thereof. said sector header containing a aector sync pattern. a
flsectoz address, an error detection code, and subcode data.
- 92, The method of Claim 91 where;n sa;d aubcode data---
o din a given sector 1ncludes a8 .subcode identifier and subcode
l-xnformmt:on of a type 1denti£1ed by sald subcode ldentlfrer.
o d.93.- The method of Claim 92 where;n said subcode :
1dent1f1er is a auhccde addresa.
; '94. The method of CIalm 92 whereln sald user
- -Lnformatlon is p;cture znformatlon representrng a respectlve
'-fpicture. sa;d plcture information being recorded in at least one
sector in a user track. and where;n said subcode 1nformatron .
-includes flrst distance Lnformatxon repreeent;ng the d:stance
frcm samd g;ven aector to the sector in wh;ch pzcture 1nformation

: -mswsm.»p - . 115
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'repiesentlng a naxt precedlng pueture xs recorded and second
1-d1¢tance 1nformation-represent1ng the d:stance fram.aaxd.gzven
sector to the sector in which plcture xnformatzon :epresent;ng a
zfnext fbllowzng p;eture is reco:ded. - N
| _ -“95} Qhe method of cla;m 92 where;n said user
"_1nformatlon is compresaed p;cture data select;vely comprxaed of
',dszezent types of compreas;on-encoded data repreeentlng
-.zeapeetxve p&ctures hav;ng a predetermxned d;splay seguence, and
_.Bald subcoda 1nfo=mat1°n 1nc1udea type ldentlfyan informatzon
'ffor 1dent1f¥1ng the type of compresslon-encoded data thac is |
1recordﬂd 1n said. ngen sector and aequence lnformatlon for
'1dent1ﬁy1ng the 1ocatzon in. sazd d;splay aequence of the pictu:e
i'_repre-ﬂnted by the compreaazon-encoded data that is recoruud in
":sald given sector. . | .

. 96. The method of clalm 92 whereln aald user
 ;nformat1on is var;abie over time, and said subcode 1nformatxon
3T1ncludés t;me code data representlng time Lnformatmon at wblch

‘said user 1nformatlon is recorded. |
97. The method of Clalm 75 wherein said TOC
_'information.is repreaentatlve of record/playback characteri#tics._
__ _d1ametax.:record1ng capaclty and number of record tracke of said
. dlsk. - - |
| 98. The method of Claim 75 wherein aa:l.d ToC
f_informatlon includes TOC ldentlfxcatlon data for 1dent1fy1ﬁg a

| locatlon of said at 1eaat one TOC track. data confzguratloa of

sonsm/;mm o ‘_'_116_
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fsald plural;ty of sectors..

. 99. The method of CIalm 75 whereln said TOC
; 1nform4txon 1ncludea data'rgp:esentative_of disk sl;e., 
100. The method of;cigim-7§ wherein said TOC
- informmblon lncludea data regfesentatiﬁe ?f-a time:code'
-aaeoc;ated wlth Bald user';nformation.
_ 101. The mathod of c1a1m 75 whereln sald uaer _
"infozmatlon is IEPIOdUCLble at a selected one of plural playbaek

speeds; and sa;d moc lnformatlon 1nc1udes data repzesentat;ve of

sa;d seleeted playbaek speed.._i
102. The methed of claim 75 wherein said error-
; correc -ion encoded 1nformatlon 15 formed of a pre-establzrhed
l-numbe: of cl code words. each Cl code word contalnlng 1nformatzon
*:{symbola. cz-parlty aymbola each of which Ls der;ved from zn
11nformﬁtzon symbol 1nc1nded 1n a preassigned number of c1 ﬂode
words. and Cl parity symboll each of which is derived fxru a
;predetcrmzned number of symbols, 1nclud1ng 1nformatlon syibols
'and c2 par;ty symbola in ‘said c1 code word: and wherein sz id step
jof errer correct;ng comprzlea usxng sald Cl parlty eymbola to '
- error: uorrect the c1 code word whlch contains said c1 par1uy
 symbola. ualng said cz parlty symbols 1n said c1 code woré to
f:error correct reapect;vp Lnformatlon symbols 1ncluded in aamd

 _preass1gned number of Cl code. words. and form;ng an erxor -

ms.ﬂ/alaa.mr_ : o 117
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'c.corrected c1 code word from the Lnformatlon symbola that had been

.corrected aa a result of using said €2 parlty symbols.

- 103. The method of clalm 102 where;n said Lnfornatlon
jsgmbols are recorded in a dlsarranged orders and where;n *he step
'of eridy correctxng further comprises rearrang;ng the ordir of
r the aymbola lncluded in sa;d error corrected code word. to an-
:arranged sequence. ' '

_ 104. The method of Clalm 103 where1n aald dlaar:anged
order ia tormed of odd 1n£ormation symbols recorded in aa odd
--group and even 1nformatron symbola recorded in an even gr«up.-and
i.sazd arranged aequence is. formed of sequential alternatlnq odd
' and even information symbola.' | o ' _
| 105, The method of clalm 104 uhereln each Cl ccva- ‘word
B ; is formed of m symbols zncludlng n 1nformatlon lymbols. wLere m
| and n *re lntegeref and where;nt _' _ |
| = (k/m) = (kmodz) +1
j= (mlz) x (kmodz) + (kmodm)/2
where i is- the lequent1a1 order of the error-corrected €1 code
| ucrds, J is the sequential order of the arranged sequence of m
_.symbolﬂ in each ezrorhcorrected Ccl code word. and k is the |
h’d;sarranged oxder in- whlch the m symbols are recorded on 1he
disk. _-. _ |
o '106. The method of CIaLm 75 wherein the error.

_correcllon enccded data is 1n a ccnvolut;on ccde.'
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disk is modulated aa a run length llmlted (RLL) code) and.aa;d '
: atep oF demodulat;ng 1ncludea decod;ng said RLL data. |
S 108. The method of Claim 107 where;n sald RLL eode is
. (2.,10) RLL eode. such that succeas:we data trans:l.t:.ons ar:
; separated by no 1ess than 2 data bit cells a.nd by no more than 10
data bit cells. | |
109. The method of Claim 107 wherein said RLL cede is |
- i‘ecerded as 2n—b1t :.nfomat;on words. and sa:.d step of
demodulat:.ng eonverts sa:l.d 2n-b:|.t :Lnformat:.on worde into u-bit :
o :.nfonmt:.on words.- | e
. | 110. The method of c1a:un 109 wherein said step of
.' de;ﬁgdi..iatlng cpn_\px_.'j.aea_ .stor:l.x_lg in eaeh_ of a plurality of ,a_blee
'se've.ral. '.n-bif iﬁfémafion- words, seleetihj ‘a part'icula-r t:-able as
a funot:.on of a preced:.ng 2n—b1t mformat:.on word read fram sa:.d
'd:l.ak. and read:.ng out from the selected table an n-bit _
-. _' 'J.nformatlon word Whlch corresponds to the 2n-b:.t :l.nformat“on word
- _' presertly read. from said d:l.sk._'- o : | |
_ 111. ‘The method of CIam 110 where:l.n at leaet one 2n- |
bi'l:' irformation word read from the d:l.sk corresponds to tws
.dszemnt n—bit infomat:l.on words one of whieh ie stored in one
' table and the other of wh:l.ch is stored in another table. and
.' where_:.n- said step of ael_ect:.ng_ further eompr:._aes examining the -

' _ '_2n-bitf.'info:metion ;woz_'d ﬁhich ‘next follows said presently read

- BOBS.MAR/..33.AFF . . B 119'-
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'Zznebitﬁinformation'word_to'seleot eaid one or said other table as
B a ttnction of said nextéfollowing 2n-bit information word.
o | 112, The method of Clalm 111 wherezn aamd step nf
:ead examnntng oomprlses senslng predetermined bits in said next-.'
| follow;ng 2n—b1t ;nformatxon'word te determ;ne the table to be
| selected for ea:l.d next-follovw:.ng 2n-b:|.t :.nfomtzon word, and
:'eeleotmng sa;d one or sa;d other table for sald presently read d
gzn-bxt Lnformetxon word dependzng upon the table to be ua‘eoted
:"for saLd next followxng 2n=bit 1nformat10n word.
' 113. Apparatus for r:ecord:.ng data on an opt:.cal d:.sk
: having a d;ameterqless than-140_mm. a_thlckneas ofll.z mm_t.o.l
ff'mn and a zeoording enee dividaed into a 1eed-infaree. a ptmgran
lga:ea and'e-IEadwott afea;'said apparatus coﬁprisings inout:meena-
,fordpzﬁviding user informetion inclﬁding MPEG-cdmpmessed wideo
fdata and compreased audlo data for recordlng in a plurallty of
.eeotoru in user traoks and teble of contents (TOC) 1nformwtlon
e'for recording 1n a pluralzty of sectors in at leaat one TGL
o treok. sezd Toc 1nfozmat1on 1nclud1ng addresses of reepecfuwe
o start aeotors. eaoh Ldent;fy;ng a start sector of a respettxve .
- . user. tfack. encodlng means for encoding both Sald user |
xnformatlon 1nclud1ng HPEG—oompressed video data and compressed
audlo data and ee;d Toc informatlon in a long distance ersor
"correotlon code hav;ng at lealt eight parmty symbols;: modtnator .
- means tor:modulatzng the encoded user and TOC information: and.
‘recording means for recordlng the modulated. encoded TOC_

'ms.m/s"uwp : o 120
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Y .;1nformatlon as emboased pits in. sald at leaat one Toc track 1n |
- said 1ead-in area and for recordzng the modulatcd. encode¢! user
dmjlnformatzon as embcaaed p;te 1n sa1d user tracka in said prcgram _
- "area with a track pitch in the range between 0.646ym and .~..05].lm.
| 114. The apparatua of CIazm 113 wherein said recordxng
. means 15 operat;ve to record said emboaaed pltB with a linear
'rfdenSLty in the zange between 0. 237pm per bit and 0. 378um_uer bit.
: © ' 115. The. apparatus of Claim 113 wherein said recording
.means is operat;vﬁ to record at lea-t one additional TOC ’eglon :
-:'ﬁ.contaanlng duplicate Toc Lnformatlon 1n said lead-;n area- '
116. The apparatus of c1a1m 113 whereln sald 1ngut
3means rurther prov:des appllcatlon table of contenta (AEOP) |
:"lnfornatzon ldEHtlleng predstermlned parameters of the MAEG—
:icompreaaed v;deo data and the compreased audio data :ecormed in
“_reepectzve uaer tracks. and Sald recording means is furtnur
operattve to record Sald Amoc Lnformatzon in an appl:cat:na Toc
,.regior in sazd program area.'
' _ 117. The apparatua of c1a1m 116 whereln the MPE i~
"_ccmpréﬁaed v1deo data is prov;ded in a selected one of plural
vvzdec eompreaslon formats. and the. compressed audio data 13
rprov:dad in a selected one of plural audlo formats, and s..id Amoc
zlnformatmon-prcvrded by Bald input means includes plural'format
-1dent1£1er data for 1dent1fy1ng the v;deo conpress;on and audzo '

' __formata recorded in each user ‘track.

T 80SS.AR/Y .03.02P _' : L _x'.131 _—
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118. The apparatus of clazm 117 where;n ‘said refordlng
'means is operatzve to record a parameter aection ;n said
-'applmctt;on TOC-reglon contalnlng a-plurallty of parametet .
f;elds; each parameter f;eld conta;n;ng a format ID code
_Ldent;tylng one: of a video campreaslon format or an aud;o ‘ormat.
'and sa:d 1nput means. further prov1des plural track sect;ons for
.“~irecord ing by aaid recordlng means in said applxcat;on 7O regxon._-
each track sect;on belng asacclated w1th a reapect;ve user track
]rand ea-th track sectzon conta;n:ng at least one parameter tield
“pOLnter to dea;gnate.the paxameter-fleld contalnlng the format ID
code whlch ldentlfxes the vldeo compresslon format or audio
'format of the user Lnformatlon recorded 1n the assoc1ated aser
_:track. _ . |
ilsr'ihe apparetua ef Claim 118 wherein said reéerdihg
.:;means records piu151 éarameter-field peinters in at least one
- track ﬁectaon 1n sa;d application TOC region to desxgnate a
'-correawondlng member of parameter fLEIdS. thereby 1dent1f5¢ng ‘the
) vldeo «OMPIEIBIOH format and the audlo format of the user
'Lnformatlon recerded in the ueer.treck-assoclated w1th,ea;d traek.
- ,- se_ctic_;n. | _ | _ |
| | 120. The apparatus of clazm 113 uhereln said lnpnt
".:means further prov:des applzcatzon table of contents (amrrj
Lnfomumtzon 1dﬂnt1fy1ng as entry points part;cular eectora in
fVeach usier. track that contaln a selected type of MPEG-compzeesea
"v1deo data. and said recordlng means: is further operatlve to

" '. B509S. mls'ns.np o - o 122
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'progran area.

121..The apparatus of CIarm 120 whereln said MPLG=
: compressed v1deo data is selectrwely-comprlsed of 1ntraframe
encoded prcture data or predzctrvely encoded picture data: and
said amoc 1nformatlon Ldentrfres entry pornﬁ sectors in eaﬂh user
track contarnrng Lntraframe encoded pzcture data. -

122. The apparatua of ‘Claim 121 wherern sald regoxdrng
means is further operatrve to record a pluralxty of entry point
-:frelde 1n an entry poznt aectlon of said applrcat;on Toc regron,

~and t¢ record plural track sectrons in sard applrcatron T)C
crcg;onp each track sectron being associated with a respec.rve
. user track. and sard rnput means is operatrve to provrde 2ach
entry pornt fleld w;th a sector address representrng a mector Ain
a uaer track contalnzng a beglnnrng portlon of 1ntraframe encoded l
r{.prcture data, and to provrde at least one entry pornt fleld _
pointer for record;ng in a track sectzon to identify the entry
"poznt fleld containing the sector address whrch repreeente the
sector in thch said beglnnlng port;on of lntraframe encoded
' prcture data is ~recorded.
| 123. The apparaﬁus of Claim 122 whcrern aald 1nput
Hmeans further provides data repreaentlng the number of encry
'pOLnt aectors recorded on said disk and said. recording means is
-operatrve to record sard data 1n Bald applrcat;on TOC. req:on.'
o anamﬁnuuﬁw I B 123'"|~““““‘~——-;__~
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'124.-Ihe apparatua_of Claim-113 wherein aaid,recording
means records said MPEG-compreased video.data.and_aaid compreased
]Iaﬁdio data aa-chapteratof'uaer.information:and-ia.operatiﬁe-tc_
fdghoord a plurality of chapter aectiona'in'an appiication FoC
'ireglons and said 1nput means provxde- for record:ng in said
appl;catlon TOC region 1nformatlon repreaent;ng reapect;ve
chapter xdentafloatlon. predetermaned parametera of the. M*El—
comproased v:.deo data ancl the compreaaed aud:.o data recor«:ted in
said rPapectzve chapter. and entry polnt data 1dent1fy1nq entry
..901nt aectora in aald respectlve chapter in which selected MPEG-
.compreaaed v1deo data are recorded.
' 125. The apparatus of Claim 124 where;n aald record:ng
means ia further operat;ve to record in said appllcatlop 10C
| reg101 a chapter name sectlon contalnlng a pluralzty of name
t-fleldhl and aa;d 1nput means is operative to provide for
h-recordang in a chapter aect;on. as lnformatxon rapreaentlng
. chaptar Ldentlflcatlon. at least one name pointer to 1den,1£y a
_.name field in which the name of said reapect;ve chapter ia
| _ .recorued. E _' _ | |
| '_ 126. The apparatus of c1a1m 124 whereln gald input
| _means furl:her prov:.des. al ‘said :Lnformatx.on representlng chapter
f.ixdentmfzcatlon' track number data for Ldentzfylng the user track

.1n whth said reapect;ve chapter is recorded.

5093 MAR/JL99.4PP ) - 124 —_—
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| 127. The apparetue of c1a1m 126 wherein gaid anut
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'zi.ﬂmeans further provrdes chapter number data for Ldentlfy;nq the
N numbe: of aa;d respectxve chapter. _
- 128. The apparatue of: Clazm 124 where;n said input
V_meana prov;des. as sald information representing chapter

-fridentmflcatlon. category data for Ldentlfylng a category ype of

. said respect:ve chapter.

129. The apparatus of Clazm 113 whereln each se'tor in
tat least said user tracks includes a sector header at a leadlng
".portlon thereof: and sald recordlng means is operatlve to record .
 :1n sa:d:sector header. a aector sync pattern, a sector eddresa.
a an erxor detection code, and subcode data.
: _ 130. The apparetus of c1a1m 129 whereln Sald aum.ode
.'t-data in a grven sector anludea a: aubcode ldentlfler and aubcode
o Lnfornmtzon of .a type ldentlfled by said subcode identifiar.
| 131. The apparatus of clarm 130 wherein said sui.code
1dent1f1er is a aubcode addreas. '
| 132. The apparatul of clalm 130 wherein sald ugur
.Lnformitron 15 p:cture Lnformatxon represent;ng a reepect re
';plctu:ep and said record;ng means 1s operat;ve to record aid

prctuz= 1nformat1on 1n at least one sector in said user t:-acks,

"anc T record as subcode inrormation rirat dietance inrormation
"~._repreaﬂnt1ng the dlstance from $aid glven sector to the aector |

11n which picture 1nformatlon representlng a. next precedin¢
: 'soss.mn.!.m.mn B 125 : _
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'plcture is recorded and second d;stance 1nformatlon represent;ng
' the" a,dfénce trcm -said given sector to the sector in whicn

pxctuxe 1nformatxon repreaenting a_next follcw:ng p:cture 1s'

recorded. | , | | _

133. The apparatul of Claim 130 where;n said _enzoding

"-meana-coﬁprzaea means for compreas;ng a predetermmned d;aalay .
'aequenne of picture data in accordance with select;vely d;fferent.
types of compreae;on—encodxng tec hn;ques. and said aubcod
lnformatzon zncludea type ;dentlfylng informatlon for 1d@1h1fy1ng'-

c the type of compre351on-encod1ng technique that is used to
-ccmpreas the data recorded in said given eector and sequexce
'Lnformetxon for Ldentxfylng the locat;on in saxd d;splag Aﬂquence"
: of the p;cture represented by the compressed p;cture data that ie
frecorced in said g;ven sector. | '

- 134. The apparatua of c1a1m 130 whereln said uger
Lnformﬁtlon 13 varlable over tlme. and aald subcode Lnfornatmon |
1nc1udea time code data representlng tlme Lnformatlon at 1h1ch

-_said user information is recorded. ' | _

135. The apparatus of clalm 113 whereln said TOF
;1nformat1on is representat;ve of record/playback charactexistlca.
- dlametmr. recording capaczty and number of record tracks < sald )

optlca_ dlsk.

1 136. The apparatus of Claim 113 wherein said ToOC
"1nformat1on 1ncludes TOC ldentlflcatlon data for 1dent1fynmg a

1ocatzon of eaid at least one TOC track and conflguratlon data

_.soss.mnm.m g - oo __126._'
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-for ;dent;fyzng a data eonf;gurat;on of sa;d at least one TOC

450100-3193

| track and.a sector conf;gurat;on.of eech of said plural;tg of
eectorss | - : | | ..
| 131. The apparatua of CIaxm 113 wherein aaid ”0*_
-1nformatlon includea data representatzve of disk size. |
' 138._The apparatua of Claim 113 whereln said ToC
“:_1nformatlon anludea data repreaentat;ve of a time code
assoc:ated with sald user 1nfbrmatlon. |
139. The appazatua of claLm 113 thIEIn said. uaexi
informat1on is repmoduclble at a selected one of. plural playback
_ speeda: and aa;d Toc information 1ncludes data repreaenta.;ve of
'ea;d seleeted playbaek speed. _ ' _ .
. 140. The apparatus of c1a1m 113 wherein said en~ed1ng
'7r”means 1alcomprxaed of means for rece1v1ng sa;d user and mac
'Lnformatzon as. anut data. meens for 1nserting C2 and c1 nold
aect;ons at predeterminad 1ocatlons 1n said 1nput data to thereby S
“'fbrm prelzmlnary c1 worda comprlaed of plural data symho]as means-.
for generat;ng C2 parlty aymbols in response to a predetexmlned
'e'number of data symbola of the same number of prellmlnary o1
.wordss means . for replaczng a c2 hold sect;on in a. preliminary c1'
word w;th said cz par:ty symbols to form a pzecursory C1 word;
means for generat;ng c1 parlty symbola in response to a
',precuzﬂory c1 words and means for 1nserting said ¢1 parity

'_symbols ;nto & CI-held-sectlon te form a Cl code word, wih a .

sooﬁ.mls;pa.m . 127
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'pre-eutablxshed number of sa;d c1 code worde constituting sa;d
1ong n.l.stanoe error correct:.on encoded data. . '

' .. 141. The epparetua of CIa:.m 140 where:l.n said re"ord:l.ng
'means further 1nc1udes means for record;ng the symbola of the €1
code vords in a symbol sequence d:l.fferent :I!rom the symbol
sequernce of said preliminary C1l’ worda. _ |
o 142. '.I'he apparatue of Claim 141 wherein a prel:.r.u.nary

']e“c1 code word is camprlsed of odd and even symbols and wherein
_ ea:l.d means for reoord:.ng is operative to record the odd aymbols
together in an odd,_ group _and__ the e_v_en_ symbole together in an even
 §roupt'_5_' ' ' o : . '
- 143, The apparatua of Cla:Lm 142 where:l.n each cl c‘ode
'word 15 formed . of m symbols lnclndzng m-n Cl par;ty aymbo.:na,

' where m and n are :.ntegera; and where:m:

k= mx_i + -2xj - m, when j < m/2

.k =mxi+2xj - (m-1), when 7 = m/2,

whera 5% is the aequent:.al order of the prelim:.nary c1 word.a of
| J.npu'l: t.ata. J J.s the sequent:.al order of the m aymbols in 2ach
-.prel:.m:«.nary c1 code word. and k is the order in wh:Lch the 8
2 symbolu are recorded on the d:.sk.

,.soos.mnm__a.ma .' - - 128
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144. The apparatus of c1aim 113 wherELn said encodxng
) comprxses a convolut;on code encoder. - o
-~ 145. The apparatus of c1a1m 113 wherein saxd modulator
rmeansfcompr;seg an,pgtoezn modulator in which aa;d.Toc and user
information are supplied as ﬁpbit bytes, ipoludiné plural storage
t_abiea_ . each 'lfor '__oto_ring ﬁn—bit- symbols corxesponding to
"_respeﬁfive n-bit bytes; means for reoding from a oelected one
#torage table a 2nnb1t symbol 1n reaponse to a supplled n~bit
fbyte: and neans for select:ng ﬂald atorage table as a funatzon ofl
:;the preoedxng 2nsbat symbol that had been read-__
- 146. The apparatus of Claim 145. whereln succeaa;ve 2n—
bit symbola are run length limited. '
147._The apparatus of Claim 146 uhere;n at leaﬂc two of
'_sald hLorage tables store dlfferent 2n—b1t symbols for tha same
. n~bit byte.' _ |
148. The apparatus of Claim 147 where;n the 2n—n;t
-aymbolu storod in one of said two storage tables exhzb;t pos;tzve._
' dlgztal ‘sum value (DSV) and the 2n=-bit symbols stored in “he -
ﬁother of aald two storage tables exhibit negatmve DSV.
| 149. The apparatus of clazm 148 wherein said meana for o
select:ng esaid one storage table includes mean- for senalxg the
- number of '0' bzta ‘in which the pmeceding 2n-bit symbol
. terminates., means. for determ;nxng the accumnlated Dsv of & -

predetormzned number of preeed;ng 2n=-bit symbole and means for o

.- m.'a_.mmm.»r S . 129
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R select;ng the atorage table as a funct;on of the sensed number of
wgw b;ta and the accumulated DSV, | |
150. Apparatus for reproduclng data from an cpducal
. @isk having a d;ameter less than 140mm a th;ckness of 1 2mm t
'o.1mm and a_recordzng area dxvzded ;nto a lead-in area, ¢ program-
area and a.ieadfoutnerea; and wherein said data is recorced as
embocrssed éite repreenting' modulated,-z error-correctioh esacoded
user ;nformat;on 1nc1ud1ng HPEG-compresaed video data and |
compressed audlo data Ln sectora in user. tracks in said program
'iarea. represent;ng modulated, error-correctlon encoded tnble of ~
_ contents (TOC) 1nformatlon Ln sectors 1n at least one Tor track
. in sa:d- 1eadr1n area w1th said TOC 1nformatlon anludlng
' addresses of respect;ve start sectors of sald user trecke.'and
. reprecent;ng appllcatmon table of contents (ATOC) informaiion in
jsectoru-in atlleast one track in aaid'program area related to |
'sazd MREG—compressed v;deo and ccmprecaed aud:o data: the tracks
" having a track pitch in ‘the range of 0.646um to 1. 05pm3 aa;d
apparafus compr;alng means for rotatlng said dlSk to obtain a
conatent lxnear veloc;ty. plckup meana for progectlng a pickup
light beam through a lens to optzcally read the rotatlng 415k.
‘said pmckup l;ght beam havxng a spatial frequency 2 = A/2ZwA,
'where the epat:.al frequency £ ia less than the track 'pitc’-.-«'. A is -
the wavelength of the pickup laght beam and NA is the numﬂrlcal
. aperture of the 1enss demodulatxng means for demodulating; the B
'data read from sa;d dlak. error correcting means for erro:

'mmmmmuwmuw_ .'_ S 130
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_ .correctlng the demodulated data) means for separating ‘the error -
corrected data into TOC 1nformat10n. ATOC informatlon and user
information and’ control means responsive to eaid TOC o
information to access and read selected. user tracks-in re&ponae

 to aeaess instructlons from a uaer and responsive to salu ATOC
1nformation to reproduce selected.videq_and sudio data frmm-samd
- disk. o | '

| 151, ?he apparatus of Clalm 150 where:n said embossed
pits have 8 linear density in the range between 0. 237pm ”kr bit

doss..".—..,abit._-' o SRR
- 152. The apparatua of clalm 150 wherein at leasgs one
addlt.onal moc reglon ecntaxnlng dupl;cate Toc informat;on is
‘located in sald lead-ln area. '

153. The apparatus of claim 150 where;n sald ArTHC
-',Lnfozmatlon ldentlfles predetermlned parameters of the MPiG-
__compressed video data and the compresaed audlo data reeorded in

respectlve user tracks. |
| 154. The apparatus of c1a1m 153 wherein the. MPEH--

"_fcompressed video data in a respectlve uaer track 1s encoced in a

fseleeted one:of plural-vldeo ccmp;esslon formatsa., the compressed
'audiO-ﬂeta-is-eneoded in a selectedIOne of plural audio furmats.
.and said ATOC Lnfo:matxon 1nc1udes pluxal format ldentlfltt data

- for ldﬂntlfylng the v1deo compressxon and aud;o formats used in

' each user track.

5095 KAR/3193 .APP - ' o 131
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: '155. The apparatus of claim 154 where;n sald AE |
o 1n£orﬁatzon anludes a parameter section contaxning a plwrality
- of parameter flelds. each parameter freld contazning a format ID
.'code xdentlfyxng one. of a v1deo oompreaaxon format or an audio
"format._and.plural;track sections., each_belng_aasoc;ated.w1th a
respective ueerztraok and eaeh_containing.at.ieast-one peraﬁeter.
field pointer'to_designate the parameter;field containing the
. format ID code which jdentifies the'video'compression foxrimat or
audiofforﬁet of the uaeriinformation‘reeoraed'in:the aeeoﬁiated
user traok. | -_ | | | |
| 156._The apparatua of c1a1m 155 where;n at least one
"track eectlon of sa;d Amoc information contalns-plural parameter
fleld pOLnters to dea;gnate a correspond:ng number of paremeter
f1e1de. thereby Ldentxfylng the v1deo oompresa1on format and the
-p aud;o :ormat of the user 1nformatzon recorded Ln the user track
_ aasoc;ated w;th Bald one track sectlon. '
' 157, The apparatus of c1a1m 150 wherezn said ATOC
informmtion.LdenthLea as entry poznts part;cular sectors in eaoh
'ueer track that contain selected MPEG-compressed video daua. |
158. The apparatus of c1a1m 157 whereln said ME.3-
- compreased video data is aelect;vely comprlsed of 1ntraframe t
:p encoded p;cture data. or predlctlvely encoded ploture datae and
' sald ArOC 1nformatron ldﬂntlflel entry po;nt sectors in earh data

traok contarnlng Lntrazrame encoded pzcture data._
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- 159. The apparatu- of clalm 158 wherein sa;d amoc
1oformatlon anludas an entry point sect;on contalnrng
-plurallty of entry point flelds. each entry po;nt field
containing a sector address represent;ng a: 5ector in a uaer track
contazﬁlng a begznnlng portxon of intraframe - encoded plcture

. data, and sa:.d ATOC informat:.on further :.ncludes plural twack
- _sectxons. each be;ng easoclated with a reﬂpeotzve user. track and
.'each conta;nlng at 1east one entry polnt field pointer to
-d;dent;fy the entry poznt fleld conta;nlng the sector addreae
which represents the sector in wh;ch aa;d begznnlng portion of
1intraframe encoded- pzcture ‘data. is recorded. '
1G0. The appa&al.us ol Claun 1.:9 whex.ea.u aa.;.d ATDC
inforuetion further includes data representlng the number of
entry po;nt sectors recorded on said diek. |
161. The -method of c1a1m 150 wherein said MPEG-
oompressed v;deo data and samd compressed audio data are recorded |
as chapters of user xnformatlon: and aald ATOC Lnformatzcu
rconte»ns a plurallty of chapter aectlons. each conta;nznr
1nforuatzon repreaentlng reapectxve chapter Ldentlfzcatlon.
_prede,ermlned parametexs of the HPEG—compressed v;deo data and
'the cempressed aud;o data recorded in sazd respectlve chmpter.
' and extry point data ldentlfyrng entry po;nt-sectors in said
respeotire chapter.in.which selected MPEG-compressed Qidéo data

- are recorded.
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- 162. The epparatua of CIazm 161 where;n said amrc
l.znformetlon further contazns a plural;ty of name. fleldSI and aaid
informatrcn in a chapter section representing chapter
::.1dent1fication 1nc1udee ‘at least one name pointer to Ldentrfy a
name ileld in which the name of eard reapectzwe chapter 11
~recorted. . | _ _ . '

163. The apparatus of Claim 161 wherein said
-Lnformatron in a chapter sectlon representzng chapter
.1dentrf1cetlon includes track number data for 1dent1fying the
user track in whlch eard respectlve chapter is recorded.

_ 164 The apparatus of c1a1m 163 wherern sald
'1nfcrmation in a chapter sectlon repreaent;ng chapter _
c1dentrf1cation further xncludes chapter numbher data for
;1dent1£ylng the-number~of-said respect;ve chapter.

- | 165. The apparatus of CIaLm.161 where;n said
' glnformatlon in a chapter eectron representrng chapter
| :1dent1f1cation 1nc1udes category data for zdentlfyrng a category
- type of sa1d reapectlve chapter. |
' 166. The apparatua of c1a1m 150 wherezn each sector of
:at least ea;d user tracks includes a aector header at a Jeadlng
pcrtlmn_thereof. -eid_sector header containing a sector syne
=p-atter__n.e eectcr-eddreasa_ah error detection code, and subcode

data.
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167.. The apparatua of c1a1m 166 wher:iitiaz‘\“‘scode_

data in a g;ven aector zncludea a ‘subcode 1dant1fier and subcode
1 lnformation of a type identified by aa;d subcode identifier.
 168. The apparatus of CIaim 167 wherein said auhcode
1dentif1er is a subcode address.
169. The apparatua of cla;m 167 uhere;n said usar
_ informafion za'plcture 1nformation representlng a respecﬂﬁve
' pxcture, said picture lnformatlon be;ng recorded in at lesxst one
sector 1n .a user track, and where;n said subcode information
1nc1udea f;rst dxstance Lnformatlon repreaentmng the dma»ance
. from ﬂa;d given sector to the aector Ln whlch p;cture Lnf;rmatlon
'reprengntlng a next_precedzng p;cture ie reqordad and second
| dietampeainfbamation repreaentiﬁg the.distance_fzam said given -
sector to the aecfor in which pictufe infoimation fepresehting.a_
- next following plcture is recorded. |
170. The apparatua of Claim 167 whereln said user
information is compreaaed plcture data select;vely comprlmed of |
different types of compresslon-encoded data repreaentlng
: raapectzva p;ctures hav;ng,a predetermlned-dlaplay sequerce, and
said subcode information includes-type identifying information
| for 1dent1fylng the type of compreaa;on—encoded data that is
'recorded 1n Sald gmven sector and aequence Lnformatlon ‘QL
1dent1fy1ng the locatlon in Bald dlsplay aequence of the nlcture
repreaented byche:cgmpteaSLOneencoded data that is récorded in
said given sector. N | |
£005 .MAR/$163.,20F _ 135 //,’—
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171. The apparatus of claim 167 wherexn said user
Lnfocmntlon is varzable over t:me. and aaid subcode inforation
ﬁ;ncludes t;me code data zepresenting tlme informatlon at thch |
aa1d ueer Lnformatlon xs recorded. _ _
| 172. The apparatus of Clalm 150 where1n aald TO; ‘
Lnformatzon is- representativa of record/playback characte 1st1cs.
daametmr. recordlng capacxty and number of record tracka b 4 sald_
d:l.lk. - _ _ | _ .

_ 173. The apparatus of cla;m 150 wherein said TO: .
.'.informatzon 1nc1udes TOC 1dent1f1cat1on data for 1dentifY;ng a
1ocation of said at least one TOC. track, data conf;guratlvn of
_sa;d at least one T0C track. and aector conflguratzon of =ach of'
said plural;ty of sector-. '

174, The apparatus of Claim 150 wherein aa;d TO“
'1nformat1on anludes data repreaentatlve of d;sk size. _

175. The apparatus of Claim 150 wherein said TO?'
1nfoxnatxon anludes data representatxve of a t:me code )
_aaeocaated;with_aa;d-uaer 1nformat;on.

| 176. The appafatus.of Claim 150 ﬁherein said uear |

_lnformatzon is :apmoduclble at a selected one of plural playback
.apeedsa and said Toc information lncludes data repreaentatlve of
said aelected playback speed.

177. The apparatua of'Claim 150 wherein said error-
correction encoded Lnformatlon is formed of a pre-establ;:hed
'.numbez of C1 code words., each cl code word conta;nlng
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."-1n£ormat1cn aymbols. c2 par;ty aymbols each of wh;ch is derlved
'from-an 1nformation symbol 1nc1uded in a preasszgned_number of cli
code warda; and Cl parity symbcle each of which is derivec from a

' predetermined humbereof symbols, ihcluding information synbols
and C2 parity symbols in sa;d c1 code words and wherein said '
error . oorrectlng ‘means ineludes 01 parity correctlon means to

. error correct_a 01.code word with c1upar;ty symbols includc:ed

therein, C2fparity correotion means to error correct reasptotive

: informatioh sjmbols'included in said preassigned number of Cl1

-1code worda w1th c2 parlty aymbols anluded Ln the erroxr corrected :

_ c1 code word. and means for . formxng an error corrected c1 code :

. 'word from the Lnformatlon symbols that had been corrected by

_u51ng sald c2 parzty correctlon means.
. 178. The apparatus of CIalm 177 uhereln sa;d

_ 1nform4t1°n symbols are recorded in a dlaarranged ordera rnd

'wherexn said error correct;ng.meana further 1nc1udes rearranging
means for.rearranging the;order of the-syﬁbols included iv seid
error‘corrected cl'code ﬁord to an arranged sequence..

| 179. The epparatus of Claim 178 where1n said
dznarranged order is. formed of odd Lnformntxon symbols recorded
~ in an odd group ‘and even 1nformatlon symbols recorded in sn even

:group..and,aeld arrenged.sequence is formed of sequential

alternating odd and even information symbola.
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180. The apparatua of claim 179 wherein each C1 code :
woxrd is formed of m symbols anlud;ng n 1nformat1°n aymbols.
where m and n are integers; and ﬂherexnz '

= (kJ&n).- (kmod2) + 1 -
j = (mjz),x](kquz) * (kmodm)/2 '
"ﬁhere'i is'theﬂgequential oxrdexr of the ergor-QOIIécfed.CI 2ode
| words, j is the aequeatial order of the arranged séquence of m
{qymbola-iﬁ.éach_er:of—eorrectedlc1,codg-wbrd; and k is the
disarranged'oider in'which'thé-m symbolswaie recorded on the_ B
disk. o - -
o 181, The apparatus of Claim 150 wherein the error
correction encoded data is 1n a convolutlon cocde. _
182. The apparatus of Claim 150 wherein said duta on
 the d;sk is modulated as a run length 11m1ted (RLL) codef and
said dmmodulat;ng means: 1ncludes an RLL decoder.

183, The apparatus of CIalm 182 whereln said RLI. code
is (2, 10) RLL code. such that successive data transztlons are _
separated by no. less than 2 data bit cells and hy no more *han 10
data b:t cella. _ _

_ 184. The apparatua of c1aim 182 wheze:n laid RLL code
is reco:ded as Zn—bzt 1nformation wcrds. and said RLL decouer
_conwerts sazd 2n—b1t xnformatzon words 1nto n~bit znformatzon
‘woxds. _ _ : _
| 185. The apparafua'of Claim ;84'whéxein said.RiL
- decoder compriaea'a pluralitylof étoiagé-tableﬁ. each for aﬁoring
0SS MAR/NODNEE ' | . 138 .
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severa,.npbzt 1nfo:matlon words, means for selecting a partlcular
table as a funet;on of a precedlng 2n—b1t Lnformatxon word . read
. £rom said disk, and means . for zead;ng out from the eelected table
an n—bzt Lnformatzon word which corresponda to the 2n~b1t
. lnformatlon word presently read from sa;d diske..
186. The apparatua of C1a1m 185 wherein at least one
.2n-b1t Lnformat:on.word read from the disk. corresponda to two
different n-bit Lnfe;matxpn_wo;ds one of which is stored 11 one'
table and the other of which is stored in another table, aid.
whereirn said means for selecting zncludes ‘means for examining the
_2n-b;t_1n£ormatzon word which next follows said presently ¥ead
2n=-bit ﬁnformation.word to contxrol the selection of said o;e ox
'said'ether-table asta function of said next-following 2n-bit-
jiﬁfo:ma*ion word. |
187. The apparatus ‘of Claim 186 wherein said meat.s for
examining campr;ses means for sens;ng predetermlned bits in sald-'
' next-following 2n-bit information word to determine the tarle to
" be selected for said next-following 2n-bit'inforﬁation wor¢, and
means fcr controllang said selectlng means to select gaid one or
:Bald other table for Bald presently. read 2n-b1t Lnformatlon wozd

dependzng upon the table to be selected for aa;d next follcw1ng

2n-b1t znformat:on word.
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