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X ENTICNﬁ?Eqﬁynventlon relates to a an@wnﬁ@ﬁ

= alLIbUIdll i sk to a nmethod of recording
¢ TiellS SHERTrHAS BERN andma,\hp\pga 4for carrying out that
met hod. Optical |sksR§Ebé ‘BBen uséd as mass s§ or dgel| devi ces for conputer
appl i cat ABPRARA N&&ND@E?R@MINGW&E%ED%B@@MO&FZS di S’ﬁ%‘ ch
is used as the CD-ROMis nodel ed after the standard conpact 9 CB} Bhat "
[)

has been devel oped for audjo. 2 As cal ly an audio CD with
l.ous i:nprovenents and Rl frapt ed for conputer

_ ap,‘p licati ons.. Usi'heg J’?rlzJ\?eh t:.on res.l.aal:e t z_itndar %ovelleo%%.RoYl gxsk and , more

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

optlcaf dlsk'an
--and readi ng inf

'4--' informs tion on the.d;sk and to apparatus for cgrryrng out uﬂ&t
5 method. | | | |
6, oﬁtical diéks have beer used as mass storage de. .zes
-7 | for oomouter applxcatzons. and such optical dxsks are know as
| é__ ICD-Rouaﬁ ‘The disk which is used as the CD-ROM is modeled fter
‘9 the stl%dard compact disk (CD} that ‘has been developed for: audio |
” 1Q7-_.app11cat1ons,and is basisally azn audio CD with ﬁariouazl
.ilr improvwmehta and refinementé partioﬁlarly adapted for comp :ter
12 ) appllc=Lzons. Uéing such a ”D as a afandard;‘thé CD—ROﬂ hais a

13 data siorage oapaclry of about: 600 Moytes. By useing audi: CD
14-1~'techno .ogy ‘as its basrs, tne, CD~ROM and-ltS-disk drive hae
15'[ become relat;vely 1nexpens;ve and are qu;te popular.

16i . B ' However, since conventlonal audlo CDa with thel

.'17 o inhérer*.format-and storage capac;ty have been adapted fo- CDh-.

18 RoMS. ..t has heretofore been dxffrcult to lmprove the data

19 7.storagr capaczty._ In typrcal computer applications, a capacity
20 of 600 Mbytes has been found to be 1nsuff1¢1ent.- -
721'- _.F Alao. the data transfer rate that can be obtalnen from

zz(f- audlo tDs generally 15 less than 1« 4 Mblts/sec (Mbps). Hewever,
23 computur-applroatrons:generally reguire a,transfer_rate'fay'in'

24 ~ excess of 1.4 Mbpe; but it is difficult to attain a faste:

25  transfor rate with conventicnal CD~ROMS.
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dat a storage capacrty of about 600 Moytes.
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i nexpenS| ve and ar-e. QUI te popul ar. However, .since convent-i onal audio CDs

a

—ths¥k dr+ve-have—peeore—fetati vety

By using audio CD technology as E

tm e m—
S

~with'their inherent format and storag C@W@%PEETWY‘:%@%H adapted for CD a

. RO\/Br

- capacity. Initypical conputer. applrca
"been found - to be insufficient. Al so, the data transfer rate that can be

it has heretofore been di fficultjito T rismuwedthe data storagsarent -
-y=~of 6880M0P&889Bas

- oMt ai ned from audtet th'bgm:ercwcleﬁmtlaass apBagiated\with/ convetwbpej:al
" However, co gzuter appl ications generally require a transfer ratefar in

'code generally tehee a relatlvely long amount of time to dncode

SOER/L:L.aPP S 2

ThlS Sheet Has Been R,

HIIIIH i Il i

- excess = - which s gue to Sher Tagtakhatnther audie GPaﬁe’F‘@ﬂtr ate -
| mnth quve t'°“§a§%%é§3¥3r computer appllcatlons. is the relatlvely '
.4},-~1ong access tzme aaeoclated.wrth accessing a part;cular losation:
r.5:1'.on the d;sk.j Typzcally. relatlvely long strlngs of data ace read'

'~6-_uefrom audio CDs. whereas computer appllcatlons often requ;re
-_7-? 1acceas:ng-an erbltrery locatzon to read a relatlvely-smelr emount:
.8- :of dete therefrom. For example. aoceea:ng a partlcular seotor
‘9 may- take too much time for the CD controller to 1dent1fy which
10 “Efaector is being read by the optical plck-up._ o '
;1_t | o A st;ll further dlfflculty associated with CD-ROMS. and |
.12 tu.whzch eleo is attrlbuted to the fact that such CD-ROHs are based o
_ 13 "upon audio CD technology. is the error correctrng eb:l;ty |
7114 ﬁithereof.-~When audlo data ie reproduced from an audlo CD, éxrors:
15 that cznnot be corrected neverthelee- can ba concealed by lerng
:16tﬂr znterpolation based upon the h;gh correlation of the audic
:'17.t5 1nformat1on that Ls played. back.; However. in ccmputer
1&_' _eppl;cet;ons. lnterpolatlon often cannot, be ueed to conces’.
. 19 .errore beceuee~of the.low correlatlon of such data. Hence._the_
f20 .f aatarthat.ie recoraed-onta Cb—ROM muat be encoded and moduiated
| 21 :lln a ferm exhlbltlng hlgh error correctrng ablllty. Heretnfore.f
:_22 _'.data hea been recorded on a CD-RQM in a conwent;onal Cross |
1.23r_'.1nter1eave Reed-Solomon code (CIRC) plus a so-called block
K 24,1f'completron error correction code. However. the block comp .etion.
25 .
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Frow'clurtin dutnisrd Sufford W 3 () IBWOCi ated with conventi onal CD- ROVE® * ’W&%

- i Shuillire Tesbikaipicling aic® SERLH %M o CD format has been adapted for cm B
~.applications, is the relatlvely | ong access time associated W th accessing .
“a-particular | ocation on t he di sk. - Typi i =L ong strings of
data‘are read from.audi o CDs, whereas- F#ﬁ %r =2k GaENORS | ofteqagggg*

ta

~accessing an arbjtrary - Iocatlon to- rea'_a_L_féti@eFQ smal aigb{go 1
" therefrom For exanple accessing a partld_Tar Sel take too nuc

S tine I Qhet t h%?:e E.mFQrtﬂﬁEi 1 Yivhi 68re#CtOrrést Doh Nebi bysthe

t her |culty associated with CD , and -
wi ch ﬁhﬁﬁeb%d@%hrhﬁ“&ﬁﬁu&&:&ﬂﬂnﬁaih that evdfib fﬁhEKﬁﬁlfiﬁaéasnﬂbuwomraud|0 '
. CD technology, is the error correctlng ability _ o
B - present in a block. 91nce two error oorrectlon code (ECC)

otechnlques are used for a CD-ROM, whereas only one ECC teohn:que
o is used for an aud;o cb (namely. -the CIRC teohnmque). a greater
| amountfof.non-data-informatlon must. be.reoorded on the CDdeM-te-
 .effect such error correotxon. ‘and thll non-data information is

-'freferred to a8 'redundant' data. In an attempt to 1mprove the

© W N e s W

_z.error correctron abxllty of a CD-ROM. the amount of redundancy
:ld  ethat must be . recorded is eubatant;ally lncreaeed. |
;311 _:i' - Alao._lt lﬂ dellrable to provide a etandardlzed optloal
:_d12'_.ed13k with the addltzonal capabxl;ty of. havzng drgxtal v1de~f
-dlsﬂ;"rnformatlon recorded thereon in a data-compreesed formet. such as
14;-7-MPEG-cﬁmpreased v;deo data and compresaed eud;o data (or PCM
15]; . audio data) that can be used as a digital video dlsk (DVD;.' But
j;5_; 'there aurrently are. d;fferent MPEG compreseion technlques. or
'dd17a ffformats. ave;lable and more may be developed in the future. It
18: .;;e d;ffroult.to-play.baok a v1deo progrem‘from a DVD if tha MPEG
'119'**_f°gm;t that-haa-heen'used'té record that video program is pot

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

_21.'ﬁ recorded thereon dszerent v1deo progrems exhibiting dlffe*ent
_2231 'MPEG. formats an well as dxfferent audlo formete. '
dz4rj.': S Therefor. 1t‘13 an’ objeot of the present 1nventlon to
'25, :wprovzde -an zmproved optlcal dlsk having part;oular use as a DVD

.wnnahuw R - 3
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" However,- in conputer applications, inte
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ey oduced from an audio CD, errors‘ﬁ?ﬁﬁfﬂq?ﬁﬁus .
1 0e concealffetf erpol ation bég _
ﬂnJﬁﬁWH#:ﬁhﬁ¢ﬁgg i's; pl ayed back.
pol at RGP Aatzen cannot be .used to
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- upan’ t he hi gh correlatlon of the audio

- conceal errors because of the | ow correl ation OF=3t ~data.” Henc cpatiigpdata

that is recorded on a CD-ROM nust be encoded and nodul at ed |45¢g¢6u3&93
exhlbltlng high error correcting ability. Heretofore, data has been

o %Cord ~RoMOWREMh Bvarecenusnthenaforensted ndEf £ bewrt fee dartw! onon ‘code
(C RO plus -a so-called block conpletion error correcti on code. However,

the bla&baabmnkabeenaﬂedelgeaarahty ChkRoMa ferawhmchysﬁmhgaanmwwn hﬂvelne

‘to decode _

3. been attempted heretofore.

4 _5 ‘ Another object of this 1nventlon 13 to provrde an

 '55, optrcal disk whlch exhiblts a hrgher access speed. thereby

.16':'.permrttrng qnxck access of arbltrary 1ocatlons. such as seators.

ﬁr72: fto be accessed qulckly.__ | ' “ |

r's ) A further object of thrs rnventlon is to provrde an

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

10 'transfer rate asaoc:l.ated with CD-ROMs heretofore used.
TR { further object of this invention is to improve. the
-_:12 n_.accessibrlrty of different segmenta of v1deo informatron. auch as
13 c'-chaptera. recorded on an optlcal drek. therehy makrng it more
14 advant“geoua for use as a CD-ROM or as a DVD._ _

~_15: rl_ S An addrtronal obJect is to provrde an 1mproved ootrcal
'J16“ r-d1sH'wW1ch stores data with reduced redundancy. | ' |
r11  ., - stzll another object of thia 1nventlon is to provide an.

) 1$ _.'rmproved recordlng format for an optical disk which enhances the-
"f19~f abrllty to identxfy and access the video informat;on recorded
-egof.'.thereon. 5_-' ' _ | | '
ﬁlj.ﬁ_'_. :2' .another object of thrs rnventron is" to provrde an

2§ ’  opt1caa dlSk havrng a substantrally rmproved recordrng denwrty.--
"23;:j thereby facllltatlng use of the d;sk as a CD-ROM or a DVDV -

24 L A further object of this invention is to provrde an
f.25;j :1mprov9d optlcal disk having vrdeo and audlo data recorded in

, ;__qooa.ulntq;e;.apg S -4
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'_Sﬂlhm a@”ﬁgw %{ its error correction ability iacu L
Tt (4 35 that nultiple errors are present “n“'ua
bl ock. Slnce two error. correction code (ECC) techni-ques are used for a -’

CD- ROM wher eas ‘only one ECC techni SalS

'CI'RC technique), a greater anount of ﬁcf"l@%;gPHA%gF% tffon. nmust bebifﬁ% ded
on the CD-RONItQ effect such error .qos : non4§§ -319
informationis referred to as "redundant” data.. In an attenp .ﬁﬁLd@e

- the erpRhptekhCCiith albhi thapte? LPLRP\inifSe PyOtidnt] £i&s URtiaNGy dibat

inEst be rggordgd i.s substantlgFly |ncreas%d&ﬁilso '|t£§ de5|reiﬁa&% _

. 'provi daceesbasHekdtacdnapiwitn! theshaytidulde selEhit Bl tienakidzded of
~having digital- video information recorded thereon in a data- conpressed

~ f&r mat datacheingl\/ﬂ&é’ntmfpedstedpszﬂi?b chhpabiﬂedatsmbﬁ@.o -dat a (Or :
PCM

'3_ 4 - L various other obJects. advantageous and features of the
'5{_..present 1nventlon will become readily apparent from the ensulng
- 6 | detailed deacr;pt;on. and the novel features w111 be part;oularly '
:ﬁ7 T fpomnted out in the appended clalms.__" . :
-9 In accordance with thls invent;on. an opt;cal d;ak. a

10 'method and apparatus for recording that dlsk and a method and

11 pf-apparatus for readlng data from that dlﬂk are prov;ded "he disk
12 has a d:.ameter of less than 140mm, a thickness of 1. 2mm & .1mm.
13 i; and a plural;ty of record tracks exh;b;t;ng a track pitch ‘n the
4 _.'range batween o. 646pm and 1 O5um with data recorded in thowe .

15 . ftracks -ag embossed pits. The traoks are d1v1ded into a leaﬂrln

16 area, & program area and a lead-out are, WLth table of conLent
17 . _(TOC) 1nfbrmatlon belng recorded ‘in at 1east one TOC track in the p
'18;_p'lead-1n area and user Lnformatlon recorded in a plural;ty ¢f user
zlélﬂt'tracka in the program area.' The user data preferably compxrses_

e20 p'MPEG-compressed v;deo data and compressed audzo data, encosed in
- 21 " any- one . of different MPEG formats and audio formats (such &8 PCM
':22: _faud;o). and. advantageously. each track conta;ns a chapter of

'23”- 'uaer 1nformat10n. Appl;cat;on table of . contents (AEOC)

24 '1nformaflon 18 recorded in the program area to identlfy various
25 lf parametcrs of the ohapters of user lnfOrmatlon for access;ng and
ms.mlsusw ) PR 5', | | )
-, L S o B o Th,lsllslliiﬁt,ilii,reenR ﬂ
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Ergeii Qrtim i*ﬂ“m&f ‘%< a digital video disk (DVD). But® t"ﬁ' wom
cGFr!@hW; _é"“'dﬂtf WWMMSMM t echni ques, or forrra_ts P‘&B‘Fé"

~and nore nmay be developed.in the future. It is difficu1t to play back a

 ‘conpounded i f .one DVD has recorded tHereonsg
exhi biting. di fferent MPEG. formats as wetF=as=di-tierent..audi o formats.

'video programfroma DVD'if the MPEG

that video programis not readily det) wmmned"afaIfﬁlé‘Eroblem|:%mm..T

gnt

AU BlU3193 o
OBJECTga kg Tehat \YEREHRAETBAL ©f Phe ddta S(POCHARE did hhdedr esent invention

t.0 prOV|de an |nproved optical disk having particular use as a DVD"

' REPLACEHEBEmEHEEﬁ) is encoded in a long dlstance error correction code

3. hev;ng at 1eaet elght parity. eymhole._the encoded data bexng

ah4j _modulated and recorded on the d:sk. Preferably. the deta is
5 r:modulated as run- length 11mrted (RLL) data. '
_;6' .' B .' In the preferred embod;ment. the. data is recorded w1th
7 " a 11near densrty in the range»between.O.ZS?pm.per-b1t and 0.378um.
”78j.'?per b;t._-.{_ . L _ _ , o
"9_:: .As one aspect of th;e 1nventlon. the ATOC 1nform.t1on :
"10 - _comprrses flelde of chapter data, each field be;ng aeeoc;ated

-11: ;:w1th a resgectxve chapter ‘and 1nc1ud1ng information ueed to

1§-; _Ldentlfy the locatzon of that chapter. its name. the drfferent

;,;3.; 1formats of. MPEG and ‘audio. compreselon exhlbzted by the 71dﬂ° and

14 :-andlo data reoorded_ln that cheptera and the locations in “hat

:'15*__;chepter et which-répreaentative video pictures (useful for quick_'

16 display) are recorded..'

e.i7 e'_ - _ The error correotion code used with the present

- 18 znventron preferably 1e a long dletance code havrng at’ leaat

“19:_5ae1ght per;ty eymbole._ ECC. technlques which have been used
:20': *heretoiore have relied upon so-celled short dietance codes 1n

?; : whloh & block of data rs lelded 1nto two eub—blocke. eeoh eub-

: 22."fblock belng assocrated with a number of par;ty symbols. such' as 4 '

23 Eparrty-aymhols._ It is known,,however. that 4 parity symbo)s may

_'24'f be used to correct 4 date'symbols; and if ¢ data symbols in each

. Received Time—__14Mar, 15:52_ _'___Print Tine_____14.Msr 16:29_
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- Fron Y
as@bg?g’m < es_have been: attenpt ed

" heretofore.. Anot her object of this |nve‘ vg%5h§ N: da. an optical .disk
- which exhibits a hlgher access speed, t,erebypg S@? $BREN(UI ck access of
arbitrary locations, such as ‘sectors, t&=be=a & i ckl '
.- object of this invention is.to prOV|de an |nproveo'oprTcaJ cu 314}z 2

“hi gher- transfer rate than the transfer rate associated wth éghg%%g o

- hqretofy $€ean bhl cbligeceblect BaE, t RESohaVeRbLEIo6R dontdl@VE t he
accessi.bility of -different segnents of Vi deo information, such as chapters,

h siml-3

a recorde&roheaaaoﬂhteabgmbeas.thheehaenehenqthérn@mhhhmbckncmhxaﬁnéoa use as

‘a CD-ROM or as a DVD.
- 3 -exroneous data ‘symbols, use of the short dlstance code may be

-4 feffect:ve to corzect cnly 4 data aymbols in the one sub—block.
s [thus permitt;ng a total error correctlon of . 7 data symbols.. But.
6 ..in the 1ong dzstance code, the block of data is not sub—d1v1deds

f-7, ‘&nd. as a: resu t. al’ e er:onec data aymbals. if present in the
';_8_-Z.Long d;atance coded data. can be corrected.__
'59 Iz r:] S As another feature. the RLL code that is used

g 10""preferably converts 8 bltB of znput data 1nto 16 bits of ueta for
:iiﬂ ..recordlng (referred to as 16 channel bltB) thh no margin Lits
12 | :-. prov:.ded between aucceas:l.ve 16-b1.'l: symbola. In RLL codes used
13 Fheretoiaze. 8 data bits are converted into 14 channel bits and

i_14;,eithree margln b;ts are lnserted between successive 14-b1t symbols.

16

i-is'fx”Thue. the present anentlon achleves a reductlon in zedunnuncy..
17 “i_, B i The follcw;ng detalled descrlptlon. glven by way: of
.iaﬁ f"example and not zntended to l;mlt the. present anentlon soﬁely _
._19_f_.theretc, w111 best underatood 1n conJunction with the .
' 26 ; ,accompanylng draw1ngs in: whlchs_ | _
_2#  '*_3 . Flg. 1is a block dzagram cf the preferred technﬁque by
- 32 ue whzch optlcal dlBkﬂ aze made Ln accordance wuth the presen?
23 . :lnventlon. _ _ _ |
1247'i' | tc . Plg. 2 1s a block dlagram of.apparatus anorpcraied in
  25 :} the preaent lnventzon fcr reprcduclng data frem the opth?- d;sk

a a»;mnuwm 1-f.?_ﬁ'_ ;|Jf .
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Pron: Luckis; Mﬂaﬁ% 0¥y de an i nproved optical disk whi%®H§ g%“"‘
. dde i Foshikeied Gpad 48 PO Sti 11 another object of this inventio of §3
-~ ‘provide an inproved recordlng format- for an optlcal di sk whi ch enhances the -
~cability to identify and access the vi d§o—T nrorrets ded thereon
-~ Anot her- object of this inventionis to p?ﬁ@ldedénﬂ“”Tfﬂ',gdlsk h3gi fﬁﬁfi
;substantlally | nproved recording densiily thereby'fQC|I|tat| he
disk as'a CO-ROM or a DVD. A further object oF‘thls Tnvent|on |s to prOV|de

a i R
' gapt erm‘édh?ﬁ %%gﬁ ‘%é%t er éek??\%d%%%u hal dent T ol 'gﬁ?'é"k&.“ _Flg
2 . 13 | |

"3.] _ Flg. '3 is a schematzc representatlon of. the recordzng
‘d4 f'iareaa for the dlsk made by the technlque shown in Flg. 1z

t5. | Flgs. 4A and 4B are -schematic representatlons showing

'dﬁ ?:-the.recordzng areas . of F;g. 3 1n greater deta113 .

'd7:* Fzg. 5 is a achemat;c representat;on of another tormat

8 of the recording areas. | ' _

9.t | Fig. ‘6 ia a schemat;c representat;on of st;ll anmther

'd10'i. format of. the recordlng areas; |
11 IR :E‘:Lg. 7 is a: schat:.c repreaentat:.on of yet anothf-\r |
"1é_i'tformat of the record;ng areasj - | ,. | .
;'13 r o o Fig. 8 ia. a tabular representatlon of a portlon of the='
:_14"'-informatzon recorded -in the_Toc-reglon-of.the disks

15. . o .dtrié; 9 ia e.tebular'representation oflanother portion

16 of the datalrecorded in the TOC rogions_

'.di7" '-_-T" '_' Figa. 10a and 1OB are schematic representatlons of a'
;ia '.;sector of data recorded on the diask; |

19 -: o Flga. 11a=11E are tabular repreaentatlons of dlfxerent'

- 20 _dftypes cf aubcode data that may be recorded in a sector:'

:'21 ':e A Fxg. 12 is a ‘tabular. representat;on of copyrlght data -
"~22_Hr.that ma; be recorded as subcode 1nformatlon 1n a sector.
'23'3':'-' _ Flg. 13 is a tabular representatlon of applicaticn ID
' 24t”;tinforma zion that may be recorded as the subcode Lnformatlon Ln a
25.~ ~.sectors. |

| g soss.llunm;_..;..np IR 8
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.mmmmwmummmm i'cular format of the recorded d¥t™¥ m}‘ﬁ
i ot Mashilstou dvgyut, 8 450106731181 3544M, M dat a recovery. Various other object
- advant ageous and features of the present invention wll becone readlly
apparent fromthe ensui ng detail ed dedCﬁMQ&@QﬁTgaﬂdufﬂ@ wovel features wll
. be particularly pointed out in the apfended:g}ais; SUNMARY CF THRaTENT o
I NVENTI ON | n accordance with this inveatos==an= grpucal di Sﬁsﬂwm and
- apparatus for recording.that di sk and a met hod and apparatus for. reading

~ data fromthat db& &? ggoglgsgulzbergbﬁgsggggaughaaftfiméﬂcédssd&h@n

140mMm . a thlckness mmlerr 1m and a plurality of record tracks

- e%Ni bl ikhig ﬁg BEkr%BﬂeanahhehéaﬂﬁﬁcbdéV\Eﬁﬂoﬁnﬁﬂﬁam:buﬂda ls@Fers] with
edin those tracks as enrbossed pits. The tracks are divided into

_,a3lead in area, w¥ignogbadsanctabulan teadeeentat@°nm9$FP¥%ﬁ#¥?t#?E%ntent

4 ‘data trat may be recorded as the ‘subcode information in a mectors
_}5- | T Fig. 16 is a tabular representatlon of EcC type data |
6 that ‘may- be included in the TOC 1nformat1on recorded 1n thﬂ TOC
7 ereglone. ; N | |
8 | .Flg. 17 is a echemat;c representet;on of one frape of
'.é '-jerror rorrectzon encoded data,:ldentlfled as a cl code word.__'
.tf10?'_ Y Pige 18 is a - schematlc representatzon of the long '
-11.iftdietahce“error correctlon-code format used with the-present '
.1§\fr51nventmon._ ._ R R _ |
f;risf* S '_' ‘Fig. 19 ie a achematlc repreeentation of a short
14;. dlstanoe error correctlon code format that could be used w;th the
“'15';__preeenr 1nwentmon._ - | | o
:16:f f"', . - . Fige 20 is . & achematic representatlon of the aequential

_i17 ;f;order of rearranged data symbols after those symbola have been

718'-;_played back from the dzsk.

.19 | ?19. 21 is a schematlc representation of a secter of
;20' edata taat has been error correction encodedy ' | :
'21r'ﬂt ' d_.__ Fig. 22 is a achematxc representatxcn of a block code

. 22;*'.of error”correctlon encoded’ date in the long dxatance foruat-
D23 . Fig. 23 is a achematlc representatlon of a bloo% code
._24 . of error corract;on encoded data in. the short distance fhrmatv
" 6005.HAR/3103 AP L s
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(%@M@%%WW in at least one TOC track in tHe™ é'ﬁ‘l;‘g,.
ron recorded ina. pIurallty of user tracks in
~.program area. The user data preferably conprlses NPEG—conpressed video data
‘and-conpreessed audi o data, .encoded | 0. any-ene=0 diiferent MPEG formats and
- audio formats (such_as PCNIaud|o) ahdhﬁadwantag ust'y, each track I ns
"~ a .chapter of user information, Applléatloﬁ4babf of cont ent s g5H1 f§193
~information is recorded in t he program=ar&a“io identify various paraneters
‘ ofythe chapters ofigisesd iid O TBRNeHALR RpRRUEMALIRR of & utiriggt bt
.information. The data (TOC, ATOC and user |nfornat|on) is encoded in a

-l oag dld&ﬁﬂcﬂymbdli d:hih&tinglEEHkmodulatlon- - :

-3 o ' . Fig. 25 18 a flowchart explazn;ng how margln bita are
_ selected in the EFM modulated data shown in Fig. 243 "
| | | Flg. 26 is a block diagram of an EFM modulator that can
' 'be used to. produce the data string shown in Fig. 243
Fig. 27 15 a achematlc representat;on of a frame of EFM

f‘modulated datas

© BN ;e

_ _ _ .- Fig. 28 is a table wh;ch explalns how marg;n b1ts are
TIO-..cselectod/inhlblted when forming the str;ng of EFM data shovn Ln

'r”lé'f':] o ; rigc;fzsapésn are”éxolonatory'waveformaiwhich;ara_'
x-iB_z*-useful in underatand;ng how margin bits are selecteds o
‘l";llllzj- o . Fig. 30 is a block d;agram of a modulator that w2y be
_15 :';used with the present 1nventlons | _
"'¢16. B o = F;g. 31 is a block diagram of a demodulator thac may be
17 . ,used'w~th the. preaent inventions | |
.18':c- _f ' Plg._32 is a block d;agram of apparatua whlch may be

7:g19', ‘used to supply data for the. recordlng technlque shown in #ig. lsl-
-éok o - ?19. 33 is a block dlagram of data recovery apparatus |
:21.":that may be used with the playback apparatus shown in Flga 23
'{22:5'1_ o : Fzg. 3¢ is a schemat;c representat;on of a format of

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

{f;24 f  also as a CD-ROM. w1th user data belng recordad as chaptets of,
.25_ : for oxample. v1deo programa. and w1th appllcation table of -
msm:sssm R . o ’/,_
: o o ' Sheet Has Been Replaced
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heres: Oartis: mz&m B 212 89082 11,0| s, the encoded data being nodi*at{ ﬁ!
r o 8% Mrctyshigtsp Roeprererdpl'y, the data is nodul ated as run | engt uﬁﬁpﬁb
limted (RLL) data. In the preferred enbodi rent, .t he daLarrs recorded with
"a l'inear density in the range between 0. JHIP LDl éyui 378pm per bit.
As one -aspect ‘of this invention, the ATQC T ﬁg?;dnsconprlses f@@h@gmpf'
- chapter data, each field belng ‘associ at el ;mrlh a;respectlve aAzn00-3303
i ncl udi ng information used to identify the Tocation of that chapter, its
“hage, té&nﬁéﬁiﬁr?ﬂoéprmé FE1ARRE o kisl TS Yedhge thidorded iy t he
eo and audio data recorded in that chapter, and the |ocations in that.

- Chﬁptertﬁé Mghﬁe@meﬁ&hae&wmo pi ctures (useful for quick displ ay)
-are recorded he error correctlon code used with the present

° 3 : _ : Flg. 35 is a tabular representatlon of ATOC 1nformat10n :
_4f' -recordéd ‘in an appllcatlon Toc reg;on 1n the program area af the
.5 5 dieks _ . _ _ . | |
'*é.-.d | . Flg 36. is a tabular representat;on of the'"disc
ff7:; jlnformatlon' shown ‘in Flg. 35.3
23 R Fig. 37 is a tabular repréaéntatibq-of.the_'chapter
-9 'rnfornwtlon” ahown 1n Fzg. 35'; _ B | _ B
: 10 | f“ | | . Flg. 38 18 a tabular repreaentation éf the “name fiald'

11 shown in F;g. 35;

lﬁ f-. . Fig. 39 is a tabular repreaentatlon of thed *pool of
-'13' stream parameters‘ shown in F;g. 35; . ._ _
.3.14. -dl _ ) Flg. 40 . 15 a tabular repreaentatlon of the "pool of
15 . entry ;o;nt 1nformatron" shawn in Fig.- 353 _ - |
l-blbf' : N . Fzg. 41 1- a tabular representatlon of each strewm
1d17'.-_parameLer fzeld anluded in the pool of stream parameters ;hoﬁn

© 18 . in Fig. 393 |
i-_19'e} - o FLg. 42 19 a tabular representat;on of each entLr po;nt'
:'20*:_'field included in the pool of entry point Lnformatlon showau in

21 Fig. 40s R R |

a2 o Fig. 43 is a tabﬁlardrepreeentatlon of the sbream-typefﬁ
'7123j; ‘data that may be recorded in each stream parameter field ahown in..

24 pig. 41 and

| BOPBMR/NLRMER | . 1
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- i P rctizn mtdhﬂhﬂ sl |stance code having at | east elgﬁ ”u:*'
symmdks e been used heretofore have relied
so-cal | ed” short d|stance codes in mhlch a_block of data-is divided into two
sub- bl ocks, each sub- bl ock bei ng ass T@§?§,Et11~§ Tonbgr  of parlty

. synbol s, .such as 4 parity synbols. haRerer, [t hat | pg 'IIF.!&'.I.' _
.. “synbol s may be used to-correct 4 data s aﬁdﬁti 4-data g i fg?
~each sub bl ock. are erroneous, the totaI nunber of 8 erroneous data

. sypbol s can be co%.%éct)ﬁ: :.sBHtt %Q%mtﬁ %e‘s(g{arﬁraous data

syhbol s, wher eas sub ns 3 erroneous.data“synbols, use

of gt he égeébwgysaﬁﬁﬁetﬁgg%mﬂ?ybéerecorded in the chapter znformatxon

faeld uhown in Fig. 37..

The preseat invention records different types oﬁ data

adapted for use as a digital vzdeo dllk (DVD). Such data may be

3

.

s
'-Ge - on an optzoal d;sk. preferably for uee ae a CD-ROM but alro s

1 _

8 f11e data or applmcatzon data to be used by a computer. o 1t may
9

-compr:se v1deo data Whlch sometlmes is referred to herelr as

110 'a_motxom pxoture data: which xncludes lmage information and “udlo
11- S _:\.nforxr at:.on and wh:.ch preferably is compressed in accordaw;e w:.th
'ti2~l fthe varzous oonwentzonal vldeo data oompresa:on standarda or |

“131. .formata such as those known MPEG-l. MPEG-Z. or when st111 vzdeo
t14..._ploturas'are-recorded.-JPEG. It w;ll be agpzeclated. therefore.'
.'_-;5r-ftthat the 1nformatlon on the d;sk adm;ts of 'multzmed;a‘
{.”16'_f agplloations. ' o
;317_.'1' o Before deacrlbzng the teohnlque used to record data on
'._is:'t_the opt;cal disk, a brlef desorlptlon ia prov;ded of the hlBk '
:19 . j:.tself. The physloal parameters of the optical disk used w1th
.-20 ~ the present 1nventzon are qulte s;m;lar to the conventzonal aud;o
21-_ftCDs and for th;a reason. a drawlng flgure of the disk is not )
' ﬂ 22 .“-prov1ded _ Nevertheless. 1t w;ll be appreo;ated that the "1ameter'
j2$ - of the disk is. 140mm or. 1ess. preferably 120mm or 135mm. Data is
24 t “reoordwd 1n tracks. and“wlll be described in greater detaii.- o
25 t.hav1ng a track pltch in the range between 0. 646pm and 1.05pm, and_.

"7j,anawmnmsan"f- B | 12
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efFeame Dirtis, mmommucal%mmmh synmbol s in the one sub-bl ock, t{RE3-3-55 63:43 w.
per Yoi-ti. i Yomyikats:t Bao at on of 7 data synbols.:But, in the Io@g}“’ of 653

f“dlstance code, the hl ock-of .data i.s - oL -U|vFﬁ§H==E§ﬂ as -a result, all 8
: . erroneous - dat a synbol's, .if present if ﬁé? SBEF e coded data, can: be
corrected. As:another feature t he. RLL.QQde tkﬁﬂwﬁs used’ preferab

'Ulconverts 8. bits of input-data into 16 bits of data for record%QQ égégggged
‘to as 16 channel bits) with no mar gi n bits provided between s &

IR 8 b S B B T B ST
P e B SRR 7R ALt SELCARDS pive

- desgri PIHaRingd | O VRl 9 1P e o Bl bebbaarled. 297 her e Pagaent

'I|nvent|on solely

- 4 0. 387pm per bzt. although th;s range could be in the rang:: of
- r-o 3um to 0. 4pm per b;t. Data 15 recorded in that portion of the
'dzsk hav;ng a radlus fram 20mm to 65mm. The dzsk._whose,*

5

6

7rf. th;ckness is 1, 2mm t 0. lmm. 1s 1ntended to be drlven for a

é '; playback operatlon such that ;ts llnear velocity is in the range
° _

L _._of 3.3m to 5.3m per second.e.'

1;10ft C r_l As a result of the’ lrnear densxty and treck pltch of
“~_fil-:'3the dlsk. 1nformat10n is optzcally read fram the d;ek by = p:ck-r
._12Q; _up head whlch pro;eeta a light beam of wuvelength A through a
'gg;s, 1;lens hav;ng a numerzcal aperture NA such that the pro;ectﬁd beam
“'itf "'exhzbzts a spatial frequency 2, where £ = hl(2NA). The L‘ght o
_ _15 r source for the optlcal puck-up preferably 1s a 1aser beam whose -
'-;;6m3_'wave length 13 A= 635nm. thla laaer beam be;ng projected through |
' frlff'rﬁa lens whose numer1cal aperture is NA = 0,52, reaultlng in the

ela.'_]spatlai frequency 2= 611nm._'

e:isi' L Typicel examplea of the physlcal paremetere aseccxated
'-izo*l.fwrth the opt:cal disk are as follow;ng: o

:_21 S o D;sk.d;ameter-=-120qm.

22 I Program eree =.23mm_to-58mm.
'f‘231. L _';*:;Track pitéhe='0'84pﬁ. e B

'24” L .Lrnear densrty = 0. 307pm.-:

' ;5 e_.This rvaults in a data storage capaczty of . 4 4Gbytes.;

o ﬂ»smmnm;uw ' o - -:" 13
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.t Peascurtis, Nackiiz 8tSefford ot B2 P72 conj unction with the acconpanylﬂQ}W%
i n T3 c dpshilatsy Dompat; qmw&a__QL_Lhe-pjej:e&hed:techm que by wh
- optical disks are nade in'accordan ngS%thh@VHU$Eaht i'nvention; Fig. 2is
~a -bl ock dlagran1of ‘apparat us incor jpor at
reproducing data fromthe optical Bisk=—=8=tHatr—fas been nade 'nthENT
accordance wiith the technique shown in Fig 1; Fig. 3 is . a sc ~3103
~.representation of. the:recording- areas for ‘the di sk made by .the tec nique

ggk#:pstilie present invention for

Sh?““ in Fig. 15 One proposed structure for recording data on the

2.

0 ©® N o u AW

'lOl
1
12
14
'_:15-_'

16
| 17
'18-r'
19 ;
'raoﬁ
21
22
23

‘24

25

gy - 18

optzcal dxsk is kncwn as the EFM Plus freme (EFM refers to elght-

"to-fourteen modulatxon). _An_EEu.Plua frame is formed of 85 data

' _:symbols (each symbols is a 16-bit.representetion 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 Lnformatlon which contalns useful deta and

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 x 16)/(87 x 16 x 14 x 2) = 0.8407.

That i%, the efficiency of the EFM Plus format ie'aporcxiéately |

" 848, which means that 843 of all of the data that is recoxded in

e'qect;r is,uaefulfdete..-mherefore, if'the,storege cepecity_of:

"the oﬁflcal disk is 4. 4-Ghytes. as mentioned abofe. the anount-of
' user data that can be- stored on the dlsk is 848 x 4.4 abytes =

3. 7Gbytes.

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

e'11near dens:ty of the embcaeed pits is varied. the atorage

. capacity of the disk 1ikew15e is varied., For example. if the :

" track pztch is on the order of about +646um, the storage n,paclty
ﬁof the d;sk may be on. the order of about’ 6 sebytea. whereaa if
_the track pitch is on the order of abcut 1. 05pm. the storage

capacrcy is on the order of ebout 4. ZGbytea.' As a practxcal

I3
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* Fingd fud B, Ridfls 4Be6ce sb @A BRERZEDT eSent at | ons: showi ng the recor@ﬂ@ﬂaﬁeﬂ:ﬂm _
"~ of 1dtifie. Yosiikats: Geooet (@ B4SOIGEPRUIAIMBNNY. 5 is a schemat ic representation of O 6ihof 653
.. another format. of the recording areas; 1##?% 13 a bbncnutlc representatlon
of ‘still another format of the recordijndH %ﬂm PReBERNIE & schematic . -
- ‘representation of - yet another format qf _theF eord Agzgreas Fi g. 8 I S a
“tabul ar representation of a portlon of "the Irnformtion recor%&ﬁgp §)
IMon. -

' freglon of the disk; Fig. 9 is a tabular representatlon of an

- Oathe SRERLsCRIEteL) 1 AR bRy SPRF B %%QEZ?‘E&E are
: taQ“'arde@&rfiﬁ&&aﬁﬁgnﬁiﬂimﬁkféfﬂéi“pxtch and mln;mum llnear density = :
3 becauee 1t 15 desirable that the trnck pmtch be nc less than the

l 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

*fthe re;orded data. of the optlcal disk used in the present
-lnventron is approxzmetely 1. 7 t;mes the lrnear densxty ot the

{aud;o LD and the recordrng capaclty of the oPtlcal disk umed Wlth_ C

P @ e A

N 10 the prnaent lnventlon is approx1mate1y 5.5 times the reccrd;ng
::'11,'_ capaelty of the audlo €D. The optzcal d;sk of the present:
-12 j-.'_1mzreu,'t;..c>n 1s drrven to exhibit a linear VeloC1ty of approxxmately_e
13 j_four times the lineax veloc;ty of the audlo cD and the data
14,  _transfer rate of-the opt1ca1 disk of the present inventioun 1’.
-15'”e epprbzmmetely 9 pra. which ia about aix t;mes the data transfer
iG:' rate of the audio CD. | | |
17 _' T With the foregorng in mznd. reference is made ta Fig. 1
| 18 : whlch i3 a block d;agram of the technxque used to make an cptlcal'
19 _;”dlsk of the type that has Just been descrrbed an anut +=rm1n;1:
' 20._r_121 is suppl;ed w1th user data to be recorded. thlB data helng
- 21 :ﬂformed of,.for example. mult;plexed video and aud:o znformatron.
22 ~' t1t1e data and sub-rnformatron luch aa, but not limited tu.’
“ .23:; _ccmputer_fllee.:character_data, graphic information, et ce;era._,:'
24 - The data supplied to ieput texmiAAi'121 is p:oAuced hy'the
25:{ 'apparatus shown in F;g. 32 and w;ll be described below.

'. ma,mmos.u-p R o ' 15 )
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© U B Surtis, Borgds 6 Getfaid bt (621 be recorded in a .sector; Fig. 12% g3-£3-95 €3:45
'taMMrw&untﬂmmn%ﬁght data: that may be recorded as subfrftol
informati-on in a sector; Fig. 13 is a
I'Dinformati én that may be recorded as tHi® SsiEBdods Bedqmati on in a sector;
'REPLACEMENT SHEET 9 Fig. 14 is a tabular réﬂﬂﬁd@ﬁﬂhtlonlof ti me-code data-
that may be recorded -as the subcode i nfor HEtT O tor: Fig. PATENY g
~tabul ar representation of picture-type data that nmay be recoﬂ§9d°9331ﬂ§

' -'S%DCOde | nfor mat I'ﬁ':ne 'unsear Sd%(ttao is coupled to a change-over sw:.tch 124

_2:';fwh1ch also ie 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 user ;nformatzon recorded thereon: and the ToC 1nformatlon:

also. 1nc1udee data related to the user information per se. such

'-as lnformation that is helpful in rap;dly accessxng ‘the user

L ® N O U A W

flnformation recorded in partlcular tracks. The_etructure_ofathel_

10 Toc information is deacrlbed belcw.-_ N |

._ 1l :. : SW1tch 124 selectlvely couples user data supplzed at

| 12 ,_;input terminal 121 and encoded TOC data supplied at input =

'lflsld _termlnal 122 to an error detectlon code (EDC) adder 127. ée will

._'ldv. dbe desdrlbed Toc 1nformetlon 1s recorded on- one portlon of the -

15 - _l disk ard user. deta ie recorded on another port::l.ons ‘and aw:*.ch 124-
id.rlcaelects elther the Toc znformatlon or the user data at the '

::1713 fapproprlate tlmes.. As w1ll be descrlbed below in con:unctron :

| 18;f-rw1th. fcr example. Fig. 21. the error detection code is added at :

'l9.f _the end of a -sector of user data or TOC informat:ona and adder

5féo 'd127 serves to produce the error detectlon code after a sector. of B

21 ‘data hau been received and then adde the error detection ccde to
'22-;;:the end of the aector of data.l In the preferred embodlment.

_f23_:;.aector is comprxsed of 2048 bits of useful data, plus par;ky'

:[24': _hytes. plua eector header data. plues a number of 'reserved“

25 - hytes. plul the EDC code '

- sops.n/n0s.a0 _ - 16 '.
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- ey Cabfls,i mwtwmm X882t i on of ECC type data that may - b 37134951 CBIek
i nfet fre Yoalikats g ot i in the TOC regions——Fig—17 is a scl‘larﬂﬁof(ﬁi
‘representation of one frane of error: c@rr@qk}@n;@ﬂ@néﬂﬁvdﬁta identified as.

- a-d code word: Fig. 18 is a schenatlc“repreﬁiﬂﬂﬁﬂﬁﬂN1cﬁlthe | ong. di stance

- error.correction code format used w th'the p¥€5€ﬂ%—TﬁV@ﬂtI0n Fig. 19 is a.
“schenmat.ic representation of a short distance error correcthg ﬁp
. that coul.d be used with the present |nvent|on Fig. 20 is a LT

e S aol ook WAGHRSNEe?, BUdE 196 16°RadnRed £6' 9170 8¢ %?ni{.'cf“
:”rQpresﬁﬂh@hkp%cpEa%h§%@EQB:OEf user 1nformation supplied theretc by way .

3  of EDC adder 127. As w111 be deecrlbed belcw in conjunction w:th

';FLg. 10. a sector header anludes a synchronlzxng patterr. and
1nformatlon ueeful to rapldly Ldentlfy access the aector. Such
'1nformatlon. part;cularly in sectors conta;nlng user data, |

: anludps subcode informatlon whlch is coupled to the aectcrl

) header adder. hy way of a sector header encoder 129, the latter

'.operattng to encode ‘subcode lnformatxon suppl;ed thereto hg way

© B 9o ;s

:10 . of lnput termznal 123. Such subcode Lnformatzon is generated by
_'11* ;~a suitable source and. as wxll be descr:bed further below An :
nilz_"'conjunctlon w:th Fig. 11._1: used to provide helpful ldent fyzng
13 jand control Lnfcrmatlon related to the user data that is rmcorded-
_iﬁr. on the disk. For example, the subcode information identifiee the o
15fjl track number in wh;ch the sector wh;ch contains this subcode
) 16T'- informet;on is recorded, copyright. management Lnformatlon whlch
17 . determines whether the data reproduced from the disk, such ss

;13. dv;deo data, may be. copzed. applxcat;on ID lnformmtlon whlch
i 19 _ztdes1gnates the part:cular user-appl;cat;on for the data recorded
.otzb-':fln the aector. time code data which represents t;me informetieon

_31.te at wh;cn the user data is recorded. and Lnformatlon relat;ng to
B 22 'r.v1dec plctures that may be recorded on the d;sk. uch as. the
__23_':”d15tanca.'or separat;on. between a video p;cture recorded in thzs'
=_2§ .;sector and the next-followxng and the next-precedlng vldeo '

' -_25_j ';plcturee. A.system controller 110 controls aector header encoder

 ops sy .
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. Chama Girbiad nokeis € Bt o BARZLMEOBL i on encoded: Fi g.- 22 is a schemg 031355 0916[:
1978UBLEUE

1 el 8 Sambintsn i ot .04

. di'stance format: Fig. 23 is a schemat

error

is. a schematic represent ation of a st

f error. correction encoded.data in t
; € f a block code
SIS SHEET HASSEED ¢ rrat 10 Fig.

correction encoded data in the.

i ng FERACES ynbol's exhi bi ting EF
-rodub-eteme~—Fi-g. 25 is a flowhart exlﬁarm ng how nar-gin b1-t§ géﬁ gggg
|nthe EFM nodul at ed. data shown ‘in Fig. 24; Fig. 26|sablo§ gg

} EFM ypg! ‘Qé"tn&[ké i Wats el 9;:%%9“%Sb&ﬁﬁedihioﬁﬁtﬂgnsﬂﬁéﬁ“o{:ﬂeF' g-

sector header :.nformat:.on (as shown in Fig. 10) is placed in the

u
13

14 -

| 17
i
19
20 -
.
.

23
24 -

25_'

"'msm/uu.np S ' : 18

-proper data 1oca.t:|.on for proper recording J.n a user track~ :

of
24
M
ted:

User data. :l.nclud:.ng the aector header added the reto by

_reason’' of eector header adder 128. is sub;ected to exror .
_correct:.on encod:.ng carr:.ed out by an ECC circu:l.t 132 in

. comb:.na.t:.on with a memory 131 and a memozy cont:rol aect:.osn 133,
- _t_:h,e..l-a iter be:l.ng controlled by lystem controller 110. an exa_mple
of ECC encod:_mg th_at. n_lay be used..wlth the preeent 1nventi¢_:~n.

' subjeci: to modi_fication so as to be app_lic_able to the dats

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

' 'Reissue Patent Re 31,666. ._In one embodinueni: of the present: |

invenf::ion.- the -Ecc' encoding produced by circuit 132 is

| convolution coding and :.s descr:.bed :m greater deta:.l belcw in
: _'_'conJunﬂtJ.on with Fig..17. It is euff:l.c:l.ent for an underst.anding
: of Fig. 1 amply to po:.nt out that the Ecc encoding assemb uee a.
l-_fr'ame of data bytee ox eymbols; referred to as a €2 code wcord

_' __“formed of. for example. 116 bytes or symbole. and generatea cz

a prede‘tema.ned number of C2 code words. For examples if the

- data by:es or symbola in each C2 code word exh:.b:.t the sequence

1, 2.. . & @ 116. a c2 par:.ty byte. or eymbol. may be  prodused by
combinifzg byte 1 -:Erom c2 code word czx- and byte 2 from C2 .

: Another c2 par:.ty byte may be. produced by comb:m:.ng the tha,rd
:byte of C2 code word c:z3 and the fourth byte of C2,. In this

This Sheet Has Been Re
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-Re_ce'ive'd_'l‘.ime,___"__'_M.M_ar.:1'5:52_ © printTee  14Mar 16:28

'par:l.ty toytee as a function of a respect:l.ve data byte or synbol in -

Bef21 o 53




. 95-@3-14 17:@8 SONY FOREIGN PATENT 4 +81354483063 2 T-515..19745

- Firsgn: Glotid, JloreisScSabioed (ag &I B at i on of a frame of EFM nodul at e es-a3-55 li!'iﬁp

Fi dgos, &Bwut‘l&bﬁe@\m%wm how margin bits are sel ected/inhi b} of 653
- when forming the string of EFM data shown-in Fig. gd:=-Figs. 29A-29D are. .
~explanatory. wavef or ms whi ch are usefg '\-_eli_‘s@)ag\xgng how margin bits are
selected, Fig. 30 is a block diagra 3 S, .a,ig)r that may be used with
t he present ‘invention; Fig. 31 is a F o Ainet ardenndulatoﬁmﬂﬁﬁﬂ?nay

- .be used.with the present invention; is a block di agrérﬁ%'fo%ﬁ?eﬂ%t us
~ which S, fo h C technl howh i n Flg
C1 il'Fl g”ﬁégﬁg g? ﬁ ﬁRagr dg’}ﬁe%a{%é i%‘k%&f%%aﬁaﬁf? sed
W &h theeahame&k Qﬂﬁaaﬂteﬁ mén 13 geuc%l c2 par:.ty byi:es are added -
3 . %o the c2 code word C2,,- even though such c2 parity bytes relate

 to data bytes :.ncluded :Ln other c2 worda. 'I.'hen. €1 parit; bytes

'_ 5 are generated for 'che c2 word (such as c21) to wh:.ch has been

:d6: -aadded the c2 par;ty bytes. reaultlng in whet 15 referred herein

7 as a €l code word (such as CI,_). The resnltant Cl code word, )

8 -.__oonexsung of 116 data bytes, plus 12 c2 parzty bytes. plus g Cl

| :_=9 _'_par:l.ty bytea is stored in memory 131. '

0 ' The sequent:.al order of the data bytes in the CL code
_.11". | worde tored in memory 131 :|.s rearranged by, for example. .

'.12;; udelaylng the odd hytes so as to. form an odd- group of data bytes
'"l3.i__end an-even group-of data bytes. sLnoe each group coneista of
,dd14d;j"on1y one—helf of the data bytes included in the cl code woz .'an _
;15-12 odd group of data nytes of one c1 code word' is combined'wzeh an
.elGZ.j;even group of data bytes of the next-followlng cl oode wor:d, thus -
'-llf uformlng a dmsarranged order of bytee. Thls dlsarranged order.
'-_18_ee'1mproves the. buret error lmmunzty of the Ecc encoded data.f The
'- 19 e:.dzearranged order of the ECC-encoded bytea is supplled from
“2b'xlimemory 131 to a modulator 140 which, preferably. carrlea out 8=
321“ jto—15 modulatlon. although 8-to—14 (EFM) modulatzon could he
22 ".'ueed. 1£ des:l.red. o | -
_.:3_ L uemzy controller 133 supplies to memory 131 the
: 24? _fneceseAfy read and wrlte addresses to enable the generetlon of

: '2,5.' - - the c2 par:.ty bytes in crOS--interleaved form and also to

aos:.uwms.m S 19
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Firgh: cardis| Rorits 3CDNGERGI 8 eRPBQIARt ation of a format of the recordwﬁﬁﬁggﬂp

- shtusiingisskéiats Dantolb &) 0450100761181 H44p832s a DVD and al so as a CD- ROM

those chapters being recorded in th cmggupqeﬁeﬁ of

data' bei ng recorded as chapters of, for exanple videg programs, and Wt

.application table of - REPLACENE éH%gﬁgﬁgﬂgEgNA‘ﬁ[)ddaLa Lelatgg to
e dis ig is a:

"-_tabular representation of ATCC i nf o i an appli capaeRNTCOC -

Tegion in the:program.area of the. di sk; Flg 36 |s a tabular459moeslmbat|on

~of ‘the "disc information" shown in Fig. 35;
'-.1 : rearrange the sequentral order of the data bytes into the

: 2'_ aforementloned drlarranged order.

3 In the preferred embodment of the EcC encoding

-_4 ._technrque. a 1ong dlstance code. also knoWn as . the L fOIMMt. ia

' 5_ﬂf uae. The L format results in'C1. code words that are arranged as

' 6 .'shown in Flg. 18._ sorlbed further below. If dealred the EOC-'
7. encoded data may exhibit a short dlstance code or.s formai.-such-
.;s.fd as is dep;cted in: Fzg. 19, deacrlbed below. ' Depending upen |
9 whether the L format or the § format is selected, system

ld;c .controller 110 controla memory controller 113 such that %ne read -
11_ - and wrrte operatlona of memory 131 permzt the data bytes to be
.12iilecc encoded in either the L format. or the S format.

13 | | Modulator.qu serves to oonverts 8-bit bytes supplied’.
ia:,:ftherero from.hemory-131'into 16-bi£ ayﬁbols. Each symbol i run::
-15; "-1ength llmrted (RLL). as will be descrlbed It w;ll be .

16 .apprec atcd that. by generatrng 16-bit aymbols. the accumuLated
i?: rdlgltal sum value (DSV). whlch is a funct;on of the run 1ength of
18:'d the - d;gltal slgnal; that is, the numbar of oonsecutlve 08 or the
19 nnmber of consecut;ve 1s.'15 lrmrted ‘to permit. the DC compmnent

_ 20-- - which is produced as a functron of Buch consecut;ve 08 or is, to
'21 fremarn-et or cloae to 0. By auppreasrng the DC, or lower ' |
:22;f rfrequency component of the dlglt&l signal that ia recorded

23 'forrors that otherwise would be present when that dxgltal srgnal
'24' s reproduced are mrn;mlzed.

is Sheet Has Been Replaced '
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Fm. is, Mot st et B ZID BRE71RL | on of the “"chapter .informati on"@m 0347 pn
Fi o 15 Yoshliagcu Oiati © B4SH10MIMIINBTEDr esent gtion.of the "nane field" shO\mmrﬂf. :
"Fig. 35; Fig. 39 is a tabular representé 3ﬁ I?_ sooR=pf stream
“paraneters” shown:in Fig. 35; Fig.' 40 ip ﬁ jﬁ ;;tatlon of the
"pool of entry point |nfornat|on" shownL*“—=-ne_.;““‘ - 41 is a tabul ar
: 'representatlon of _.each strean1paraneter field included i the poolPAFENT -
stream paraneters shown in Fig.-39; Fig. 42 is a tabul-ar repr Qﬂ#kﬂﬁof-ﬁ-
~_each entry- point ool _ of . entr oi nt, |nfo |on

ST 52" b, baRtakRE 198 shie BRoBadre L AR S Hanil

2 - coupled to cuttlng-apparatus 150. This apparatua 1s uaed to make |

'gan original disk from'whlch one or mo:n mother dzaka may ke
produced and from thch copies may be stamped for distribation to =
end umara. ‘That 15.1auch atamped d:aka conatztute ‘the cb ROMa.
-In one embodiment. the cutt;ng apparatus zncludaa an
i;electro-optlcal modulator 151 wh;ch rel;es upon the so-called

- Pccke'a e:tect to modnlate a nght beam that is uaed to "out® an

B SRS - N R ST

or;g;ual diek. This or:glnal disk ig uaed by a maaterlng

10 daﬁparatua 160 to produce a maater of the-orlglnal disk. The

11 maatezing apparatus relzea upen- conventlonal technlquea. nuch as
12.ed'develeyment and vacuum deposztxon. to produce a plurality of

:13 “t-mcthex dlaka-a Such mother disks are-uaed in stampera whlch

. tlidd t.ejectiaa mold copiea_that aubaequently-are packaged and .

-'315."9diatrinuted; ‘Blocks 171 and 172 in Fig. 1 are intended to

-16_:_- pzesent the 1n;ectlon mold;ng and packaging apparatus in
:,17f"tmanufa¢tur1ng auch diasks. The completed dzsk is deplcteu as dzak
18 100. | | |
1§ d'- - 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._;-opt1caaly xead by an optlcal p;ckup 212 which projects a lxght

- 23 ” bean, euch as a laser beam havzng the spatlal frequency 2= xlana;.'
'24f dthzs beam be;ng reflected f:cm the disk and detected by a

5]-25,' conventlonal p;ckup detector. - Phe detector convezta the

_ms.mnm.nr S 2
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-~ “file data or appllcatlon data to be us
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O gk - CelbE, . MERYs D Buffonkoat Bl 4242) B8-8BLh Stream paranmeter field shown i @@ A948 g
- andre: tr. Bahikiton Doa 4t @MEPIPRLETMEPR r esent at i on of the chapter categor ﬁ.
o ‘that. may be recorded in the chapter |nf0rnaLLQB:#F€Fﬁ shgwn in Fig. 37.

' DETAI LED DESCRIPTICN OF PREFERRED .EMB _§QEHbPe§ent |nvent|on records

. different types of data on an opti cal & pr@fiiably—£dr use as |
[oY: 12 *TTT’¥- Such gﬁa L
y a. conput er, ?

i q_eo datteaﬂmt%}d s&% 'ﬁ%ﬂ td &f ‘Ebﬁgsbgnﬁghﬁ' Eléétr:.cal s:.gnal which
2 is aunpl:.ed from pickup 212 to a waveform equal:.ser 213 and =

thenc= to a pha-se locked loop olock.reproduc:_.r_xg circuit 214 and |
to a"‘mﬁlator 2.15. | Transition‘a in-lthe recoverod eleotrioal'
s:.gna'i. are used to aynohronlze the phase locked loop to extraot

- "thereﬁrom the clool: s:.gnal which was. used to record data on the
o ‘disk. 'l'he extracted clock is coupled. to demodulator 215 which

_ perfo:‘me RLL demodulat:.on tha.t is desor:.bed in greater def'all

© W N ;s W

_ ebelow in oongunotxon w:th Flg. 31. Sufflce 1t to say that Pif

10 _data is recorded on disk 100 as 16-bit. symbols. demodulatior 215
:-11r_fddemodmnatee each 16-bit symbol to an 8-bit symbol or a byte..

| fiz'l_*j . , The demodulated data’ reproduoed from disk 100 Ji

13 ,JVsupplnmd to a ring buffer 217. The clock signal extracteu by

]14: | phase Jooked loop clock reproduc;ng c1rcu1t 214 also is svpplled
__15: ;.to ths rlng buffer to perm;t the 'olooklng in® of the demedulated- |
16 data. The demodulated data also is supplied from demodu) sior 215
17 toa aeetor header detector 221 which functions to detect and
_ié.'.asepara te the sector header from the demodulated data. .

3_19':;i . o Ring buffer 217 is. coupled to an error correetlng

l--2¢_dd'oircu1e 216 whzch functions to correct errors. that may be - present .
.'_21 ,}~1n-the data atored zn-the ring buffer. Por example, when - data 155 -

_'t22"5'recorded in the long dzstance oode formed of, for example, C1 |

*"a23“f;;oode words. each eompr;sed of . 136 symbola includlng 116 symbols._'

.24-.s.represent1ng data (1.e. Cc2 data). 12 aymbols repreaentlng o2

:5:[ -parlty and 8 symbols repreeentlng 01 parity, error correotang

' 'pns.mnm.w o T '.2'3 ;
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- "eroh:Cirthd, Mbreiis . SAfTtnd a0Vl IR} iBWeA?IZdes | mage i nformation: and  audio @M&wﬂﬂg :

- ando:vipi mmfmummwwged in accordance with the various

conventional video data conpression standards, or formats such as those.
ecorded, JPEG It

| known MPEG 1, MPEG-2, or when still  \i-dee—gctm :
Swill be. appreci ated, therefore, thatﬁrha&ﬂﬂﬁﬁﬁﬂﬂ#%ﬁ“ the disk admits: of

s “mul'ti medi a" applications. Before degcri bi RGFtdfe ue us tdy$ d
g data on the optical disk, a brief.de on 1S prOV|ded of 9

o | GREEP @yih?"" PRk Ipes LEnR oL Foghb SRt “S?%Wﬁff}ﬁ?ﬁf‘{”ese”t“

| t Cit owill
5 [)Z Zggr%'@f'g{ %\émy{] 1”?’%5881 aﬁ%?g?gl?ft‘h‘g %?skﬁr‘gﬁlﬂ%ﬁ A(;I?aﬁleess pr ef elrab}My :
'129””‘Oreﬁgﬁﬁganﬁhﬁo'Elh@cﬁﬁﬂﬁérlﬁ17¥aﬁﬁé tﬁﬁﬁlthe|eiXb£kﬁoire&¥iﬂd1 o

--_greater detail, .
4 Cchult uses the c2 parzty symbols for further error corrﬂctlon.'

5 hose data symbola whlch are subjected to further error
6.:; correctlon are rewrrtten 1nto the ring buffer as. corrected data.'
..:é;' Refermnce is mede to aforementroned Rersaue Patent RE 31, 666 ford'
8 . an example of error correctlon. _ ' |
9 In the event that an error-zn the sector header is
dlo_.' aensedp error correct;ng circult 216 uses the Cl parrty symbols
lllo to correct the sector header, and the corrected sector header is
'.lé_.: rewrrtten rnto a aector header detector 221. Advantageoualy. ‘the
13 c2 pax;ty symbols need not be used for sector header errc::

14 | correctlon.

e15r'.; oo As ment:oned above. the anut data symbola aupplred
d.16ei four error correctron encod;ng exhibrt a grven sequence, but the
-t.17f | error correct;on encoded aymbols are rearranged in a dszerent

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

1§'.i symbola are separated and ‘the odd symboll of a €1 code woxd are
20 recorded_ln an odd group.whllezthe.even eymbols of that C1 code

'21c'.eword are-reoorded ib an even grOup. lAlterbatiﬁely. odd aud'even

22 - agmbolﬁtof-different c1 code words may be'grouped toqether for

t23:-' recording.- still further. other. sequentlal arrangementa mey be

_ 24: _ uaed to record the data. During playback. error correctlnq
1 crrcuit 316 and ring buffnr 217 coopertte to return the recovered ‘
_sonsmmua.m | ' - . 23 "

o L S ". ' ThlsSheetHasBeenRe

Illlll lIIIll i fill
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hapro Cukis, Mtk §5lied ot @ @122 BRZe bet wveen 0.646pm and [er] and @8BEH 09:8
pr efteiabloghikaira Dcat @ BE016 BHANY [e'_ .___Like audio CD data, the dat B2 627 of &

recorded on the optical dISk.IS in the r pits having a
- Linear density in the range between [lerr éng%ﬁfgpgﬁéijﬂrr]'per bit, .
al though this range could be in the ;aﬂgezgg—i rr] per b|t Dat a

'fls recorded in that portlon of the disk haV|ng a radius fronlégggb
The di sk, whose thickness is 1. 2nn1 0. 1nn1 S |ntended to be R‘P

5 axfszr SR8, B S B0 ARl PR SOV i | M 35” '

jdata aymbols may be. thought of as berng recorded in a disarranged

4R

lorder and the combxnatlon of the exrror correctzng c;rcult and
f:ring auffer Operate to- rearrange the order of the symbola ;n a c1 ;l
| .code word to its properly arranged sequence.-- _ o
Error corrected data atored in ring buffer 217 is
='c'ol:aplec_i to error_detect;ng crrcurt-zzz_whlch uses the EDC b;tn

added to the recordsd cata-ny.gnc adder 127 (Fig. 1) to detect an

P SRR S S P

;juncorrectable error.: In the event that data cannot be corrected.
"-_lpl”.fEDc detector 222 provrdes a suitable indicatlon. such as n erxor |
- ll B flag nn_a partlcular uncorrectable byte or an ‘error flag,en an
.ll127,f.uncorrectable Cl.code word;_andathelerror.corrected data.-either o
-13: with c¢r w1thout ‘such error flags, as the case may be. LB noupled
'l4I_rlto output termrnal 224, o |
.15: -~ In addltron. roc 1nformation that ia reooveredlnrom _
| '4l6' ~ disk 100. after be;ng ‘erroxr corrected by error correcting r;rcult l

"l17f 216 and error detected_by EDc_detector 222. is coupled to a Toc

18 memory 223 for use in controlling a data playback operaticnm and
.rl19“;feforﬂpermitting rapid'accesS'to-ucerrdata.” The TOC information
'_20'.,;stored in memory 223. as well as sector lnformatron separlted

21 from the reproduced data by sector header detector 221 are
22.r'”couple1 to a system controller 230.' The system controller

' 23l -reaponds teo- userbgenerated lnetructlons aupplled thereto Ly a

_?4.?nfuser irterface 231 to control dlsk drlve 225 8o as to ‘access
f25:1:_4eerree trackS-anc_desxred sectors in those-tracks, thereh3
enpmanar W R

foRe T R L asBeenRe—_l?ﬁ:a“
Hll\l\\ \III\\ I fll\

_Réceived Timé' . '14;Mar.15;52 - Printhime'_.. 14 Mar 16:27



'95-@3-14 ~ 17:13  SONY FOREIGN PATENT i +81354483963 T-515 . 25/45 -

t Frpond Ctis, Rorrfiok Seffordoat W $2 |y read fromthe disk by a pick-@E-EFPIOm
- whi Tt rloghibateis Dun o ELAHR106 vel ength [err] through a |ens havi ng 48 of 683
- numneri cal aperture NA such- that t he proléeted=—tbeamexninits a spatial '
frequency [err] where [err] . [err]/(l\bﬁ)ﬂssﬂ'ﬁéﬂ*ﬁ\ REENOWr ce for the

.opti.cal pick-up preferably is a l'aser
635nm this | aser beam being proj ect ed

eamﬂlEgth is [egé i'
=hrFoagh a 1 ens whose Fﬁgib %

- aperture is NA =0.52, resulting in the spatial frequency [er
Ry R %%%%%Fgﬁeﬁo%gséﬁﬁgféﬁﬂaf”eéﬂ-ﬁﬁéa°p%‘5558m
. I&S‘SE. f;ﬁ&? %éﬁ.{#ﬂdm%ﬁ@m %ot hehbly'B28 h&§UbhS1hdedadgha storage -
-3 repreaent;ng the 1ccst1on of ‘the beg;nn;ng of each tracks and -
*rsystem controller 230 responds to a user-generated request to
acceas a psrt;culsr track to control disk drlve 225 such that the -
:trequested track is located and accessed. Partlcular identlfylng
;Lnformatlon representlng the data . 1n the accessed ‘track mmy be -

'*:recov(red and supplied to system controller 230 by sector heeder

'_'detectcr 221 so that rapid access to such data msy ‘be achueVed.

W O N o U A

'_lofrr'A further description of the Toc lnformataon and sector'
dii j.ﬁ1¥f°Fm#t1°ﬂ usefnL for_controlllng the disk drive in the-masner
_ lif broad:y mentioned abcve is discussed in greater detaillbv“ow..
13 - - It will be apprec;ated from the ensuing- dlscusscon of |
14- : Fxgs. 10 and 21 that sector header 1nformatlon that is removered
_ 15_:_.from the.d;sk-msy bezerror corrected by using the C1 parray
. 15 'f“symbols_inclsdedliﬁ-the'saﬁe-C1jcode'word as-the_sector.header;
17 There is'a high probsbility'that any'errors.that may be pWEsest
:-f18-fd'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 znformstlon is quickly detected qulcklx by not
22 waltlng for all of the €2 parity. ‘symbols to be assembled 1efore

-123" correcting the sector header. Thus, posltxon information: of a
24 7_sector, which is 1ncluded in the sector header as a sector
"2;"-?-address:.13 detected,.thus fac;lltat;ng rapmd acce;; to';“d;;;;;;- T
: _. Salhmlltﬂ.m _ , o 25 _ | . |
' ' | . This Sheet Has Been Re; laced
N i i
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1 Zvdin Curtls .ﬂWMth‘@Z’fWﬁcordl ng data on the optical di skﬂ@' vﬂﬂﬂl\ng

; to .eight- to-fourteen nodul ation).
Plus frane is formed of 85 data synbol ﬁﬁﬁf?‘ﬂalem
representation of an 8-bit byte) plus Wﬁﬁsﬁnbh Hn?zfﬁ? ymbol's thus

- consisting of. 87 16-bit synbols. ‘One |sect oMETS AEGRpri se

of 14 x
- plus frames.: But the amount of user |‘'fFormation that is pres§g¢ b§A§§§$
_sector that is, the anount of.information which contains use *data and

thifs exqlaes. Seqlls HeAdey i, CORBArEANwih &' cOR0E ﬁii&ﬁaefggglgﬁg’%y of the

|nfornat|on et cetera, is Accor di ngl
EFN Pl U%ﬁe&‘d"‘ﬂ d%:ﬁ:e nedided anedration is interleaved in several Cl1 -

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

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

'assemlled and 1nterpreted.

Flg 3 is a aehematzc representat;on of the mannexr Ln 3
whlch the recordzng surfaee of - dlsk 100 ie d;v;ded into separate
areas, referred to as the lead—:m area. the program area and the-‘l E

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

- R N

;197.:'of the program area ‘and the lead=cut area. In the Lllustrated |
' 1it}:"embod1ment. the sectors zncluded in the lead-in area exh:hlt |
-;2r ‘negative sector addressea ending with the seetor address w1
'isnf :uhlch,_ln-hexaeeo;mel.notatlon_1s=OxPFFFEF. " The sector address
'*:143'j of the first eeetor ih-the progrem-area'isfidentified as ;ddress'
.;.15f-250; Ae 1ndlcated. the length or: dnrat;on of the program area ie :
.: 316"r dependent upon the amount of data reeorded thereln and, thus, the
’2117 f; address of the laat sector recorded in the program area is
.18t "variable. It. is appreclated. therefore. that the first aector
.is . 'addreea of the lead-out area is varlable and 1s dependent upon
'_20} _ the length of the program area.* | _ '
- 21t'l_'¥- . One embod;ment of the dLsk conf;gurat;on shown broadly
22 'o;n Fxg. 3 is schematleally 111uatrated in Figs. 4a and 43.3 Here.'
ﬁ:23 i the TOC reglon. which is comprlsed of one or more TOC tracks, is :
| '_24' 3 dlaposed in the 1ead-1n area and TOC informatlon is recorded in

- 25 sectorzs :Ldent:.f:.ed as =32 to -1 (E':Lg. 4a). Theae 32 leetcsrs of

'm.wu;m,a.z.ur S - 26
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- that .

capacrty of the optical disk is 4.4 €0

o '95—&3—14 "17:14  SONY FOREIGN PATENT 4 +81354483263 "T-515 P. 27745 B
(Wmﬂﬁﬁmiﬁsiwwmxmxmm 0.8407. That is, the efficiency @Bl Gm
R650100705 10135455907

i S

of user'.

3. 7Chytes. O -course, if the track p

whi-ch  nmeans that 84% of all of the
if the storage,

recorded in-a sector is useful data-

S o e e =

‘ K

‘data that can be stored on t Moo x 44 Gbytes =

oo e S
.densi-ty ‘of “the enbossed pits is varied, the storage capaC|ty e

3

© O N a s

10

age

11

12

13
14

LI
16

17
18

-}f191“

o ey e e S el e B &?‘i"*"ts% 206, Fepikph B2

disposed in the lead-zn area, together with other data that may .
be used for differept purposes.. The program area ahown in Flgl.

4A'and 4B is comprised ode-traoka. Hhere N is varlable. The

| aector addreaa of the first. track of the program area 1:

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

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

ﬂstored on-the d1sk. and alnce the. number of aectora inecluded in

:.eaeh track 11kew1se is varlable. the sector addreslea of he lead

BLg,af 05

‘egrtgppgz(grgaahd above, the anmount

-L'bke““ SE%%%#‘ éé'?gt%% B A el A Sl 3600, plhggl B ab.out :

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
may admlt of drfferent applzcatlonn. However. lt is preforred

that all of the data recorded 1n a respectzve track adm:t of the

- same appl;cat;on.-

Flg. 5 111ustratea another d;sk configuratlon wherein

' Toc 1nformat1on is. recorded in the lead-zn area from, for

20

21
22
23

24

-example._sector -32 to sector -1. as was the caae 1n Flg. 4. and

a copy of the TOC 1nformat1on is recorded in the prOgram area.

VtIn the example shown 1n Frg. 5. the copy of the TOC 1nfo»wat10n
- is- rec>rded in at least one track whose lead sector La. for

. exampli. aector number 1024. Sane ‘the size of the TOC reg:on ls

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

-1'."
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Remmmmmtrmm ever, the spatial frequency of t@e‘-’ﬂm :
~ bed- tpe tiaskiiptaclio o @ 89554 PERREX pi tch and mni num | i near density b .' .
it is desirable that the track pitch_ be no | ess than the spatial. frequency

- of the pick-up beam and the'linear-d {p Iéﬁﬁﬁ han one-hal f ‘the -
spatial .frequency of the plck up be E} é&i ?%g“ t he audlo
“’l i:near denS|ty of the recorded data di sk used 150 E ent

invention is apprOX|nater 1.7 times the |inear den5|ty of the audlo

"thg recqrding Cﬂ u%fe:t %tap%ﬁeh deskaunederblnak hseees:iefésenveaﬁéon

s apprOX|nate imes the recording capacity of the audio CD
- opty cal ﬂﬂ&zpffotzl”'w&ﬁ.% a copy of the TOC .information in the program

-3 fﬁ.area in that some computer appllcatlonn do not easlly recognlze.
'.4r f;data lecorded 1n.aectora hav1ng negat:ve addresaeo (auch as - |
5 . sectors -32 to -1 of the T0C. 1nformatlon recorded in the 1nad-1n

6 ."a_rea),,: | . | o : : Ny
T t 'still.another.embodiment of“the_data configuration |
_.8 cfﬁrecorded.on the optical diek-is iiluatrated in fig. 6, wherein
:]9'_ -the Toc reglon is prov;ded in the program area at sectors O to
'10; - 31, Here. the recording of. Toc Lnformatlon in the program area

: 11 | .dlffers from the record;ng of TOC ;nformatlon 1n the program area

12"- of Flg. 5 in that ‘the: ?ig. 6 arrangement does not anlude a cogy
13 :',of the Toc Lnformatlon.' Neverthelesa. since the TOC 1nfotmat1on
14:.1'15 recorded in. pos;t;ve sector addresses 'in Fig. 6. the |

15 . ffposszhility of m;srnterpretat:on due to the dlfflculty of

: 16,.,_recognrs;ng negatrwe ‘sector addresses by a computer is obvlated._
17 - In the embod:ments of Figs. 5 and 6 wherein TOC -
"18"-rinformetron is recorded in the program,area. it is appreciated

' 19 that the TOC region is segregated from data files which are N
20 particuiarly relevant-to the. computer with which the opticai disk
21 R is to'be used;- Fig.-? illustrates a still further exampre of the

- 22 data confzgurat;on recorded on the cptlcal dlsk and Llluﬂrrates -
| 23:':'the OO regron to be located from sector address 32 to sector
24._{'addrees.§3.' In this arrangement, Lnformatlon recorded in sectors
25 . .P_touﬁleis reaerved:for computer.fllea;that are partzculaily
ey 28 ' | |
AN ' . - | ' ThlsSheetHasBeenR
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" | NigqunCireis, NorrickiSabford wOBICRY) MEHMA | i near vel ocity of apprOX| mat el ﬁ*#bl}g‘# -51!l

ti m&mmmm*@mWaudlo CD and the data transfer rate
~optical disk of the present .invention |s apprOX| rrately 9 Mops, whichis
about six tinmes the data transfer raf €B= Wth the foregm ng
in.mnd, reference is made to Fig. 1 i agram of t
"techni que used to nmake. an optical  di iaé that: has jli%folla 9
described. An input ternminal 121 is supplrTed W t e user “data to-bé recor(?ed

i o EREL O ﬁidta*? PR el O MRS i epaled i g

Rhort o e(rj %o | npu"?‘EI term na at < (jﬁdégﬁ%{/ thlEq@B.er5 8 SR 7T%&gl%

Csupplie I's produ e appar atus .shown rn Fig.
' 32 ﬁnd V'Mx': bﬂf&iﬂﬁ@fi&ecﬁ.be&ﬁbrded in the program area, such TOC

4 - information is segregated from and, thus. does not J.nterfnre with
f:l._le system data that may be recorded on the_. d;.sk_. Suc_h file -

 syetem data may o_ceup_y..'aeveral_, sectors o'r:-'ls'everall tene of

: sector'ax}";and- since '_l:he TOC 'informatioﬁ is recordéd in a fu:ed

: _.humbe'r of ..se'cters' 80 es to occupy a. fixed' i'oc region.' there is ne |

._'_:.nter:ﬁerence by the 'roc :.nformatz.on w:.th such file system data.

N RN LY

10 - .As mentioned above,. in the preferred embod:.ment T0C
11 L ':i.nformat-;on is recorded in 32 -eectors. Preferably. altho: :&gh not
 _12. _. .necese ar:l.ly. ach sector 15 compr:.aed of 2048 bytes and an '
- i_3 -exampln- of the 'roc :.nformat:.on recorded in a TOC region is set
14 out ir. the following 'I'able 1. '
.15 | o

B i S .3
O A B : Co ThlsSheetHas

I ] mm Illl IIIT"I
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" Rigedn -Ralfodd et WI212) MeBZZ i S coupl ed to a change-over swit @83iE3-45 89:52 pu -
whi Tt | fedtrikats. Gud ab EMSINPMBLMGWI ¢ abl e of content (TOC). i nformation ‘(Y83 of 853

'supplled to the switch froman i nput terminal 122 via a TOC encoder 125.

" The TOC information .identifies various paraneters of the di sk. which are

~ used for accurate reproduction of t f g’@ééo -recorded thereon;
~and . the TOC infornation al so i ncl_udggﬁégﬁ%&ﬁ@d tol he user % mgon
oper se, such as information that is Ir_y accessﬁﬁb

information recorded .in-particular tracks.- The structure of ‘the TOC
i nflormation i s described below. Switch 124 sel ecti vel y coupl es user data
supkpl ied at i nput ter m nal 121 and e&ggq_gd TOC data supplied at input

5 { pisc ]ﬁ?\fomtio:i- o
6 T;fé.ck. Information (1-at '.Eraqk)_ o

- 7 . { Track .Information (2-nd Track).

_3 8 - Track Infomatioh-'(-s_-rd; 'rr'a_ck)"

9 - . ' :

w0 . -
© 11 | Track Information (N-th Track) _ . 32
12 |meserved - ___ 63sss-3an |
. 13 | roman e 65536

-'15__._ S - From ‘the forego:.ng table, :.'l: is appreciated that the

16 'roc 1n:t'ormat:.on :.ncludea one aector ded:.cated to d:.ak

o 17 o 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 '.recorded. 'I'he TOC reg:.on also :.ncludes a regserved area for the .
20 - 'record:.ng of :.nformat:.on that may be useful :.n the future.. In a

a1 prac‘l:z.cal adaptat:.on of the optn.cal d:.ak o:E 'l:he preaent
22 ‘invention, user J.nfprmat:._on may ve ._rec_ordgd :.n_ N tracks where --
 23 o for example. ‘N=256. The track :i..nform.ation which is -recétded in .
"24 | the TCC reg:.on relatea to the data that is recorded only in a R -
25 corresnondlng track. as. w111 be descr:.bed in oonjunctz.on wzth

26  Table 3.

L oRsqE/aIe)aRe o 30
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v NS, s b3 pictt @ @IEIMEIH2 o1y code (EDC) adder 127. As wi | B @38 63:52
dester; M doghiiat Onp At B ERHRAHIRNEEL ., jed on one portion of the disk ar@%@rﬁ
- data is recorded on another portlon and switch 124 sel ects either. the TOC

i nformation or the user data at the. gpproprate—ti AES As Wil |- be

described'beIOM/in-conjunctlon mnthlftHSékﬁﬁpHasmﬁgN 21, the err TENT

detection code is added at the end of a sdtERWAGHD user ldata 0f5d. 19

“information, and addef 127 serves to-p “Fhe=error—det ection code a ter

“a gector of data hha QEER WRehVeenstdtubes eHEsaiir PRf@EmEeisstion code.
‘to'the end of-the sector of data. In the. preferred enmbodinent, a sector is-

CORPI i Sqbceirdeddrbithe q-bws:etﬁbndabashabusmathéyfbnm:.ngxlmsbreczor _
header data plus a nunber of _reserved byt.és,. plus the EDC code

3

4 R " .~ pisk Information
| . : 4t=_;__;r; N __3--5.
5 | wieldWawe . Byte(s)
6 {mp~ct 1D’ " | SRR 8
7 . lpisk Type _.1
8 | Resexrved for Disk Size Y |
_ 9_ 'Lead Out Sector Address . o 3
19 'gneserved for Hﬂltl Sesaxon Paramnters f _'_ . .20*
S 11 .aeserved for Writable Parameters T | - B :. 20
12 Vbluma Number o - S - - 1 -
13 |} Total Vblume Number . o - :
L 14 _" Catalog Number o . S ) 16
15 }Resezved for Applicat;on D strlngs - '1" S 8
'16-' ;tblsk Tltle in Engllsh/ISOG46 f~ : _'. . o : : 16
11'{” ;Local Language cOuntry Code S ' | ' 3
_18, yLengtn of D;sk Title in Looal Lan. (—N) 1]}
19  §pisk Title in Local Lang. L S ' _.'_ N.::
.20 | First Track Number - e o ' 1
21 | No. of Track Entry _ 1
22 : | Reserved oo L ' o S N ._,.'947_11'
2_3--""1-0-1-& n " -' '_ o 2048,
24 e L

25 The flelda whlch identlﬂy the dlsk Lnformatlon are deacrlbad.more
26 part;cularly as followsa . | | - |
: 127Cf'5'- - nn:gn_;n: Thza fzeld. compr;sed of 8 nytes. contmzns a

‘ i \m\t il
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. Rioks A Wir S /0ETord 7t W 823 8WeTHeader adder 128 is adapted to add@ 8352 m
 he3aide. Yoghikatss Oraset @ SROINMNLBIBMBIND o nat i on supplied thereto by way of DEffeef &3
adder .127. As will be .described below in conjunctign with Fig. 10, a sector

~ ~header-includes a synchroni zing pat useful to rapidly"
-|dent|fy access the sector. Such in oiiﬁﬂg’thjzpﬁ@%?acuﬂgrly in sectQrs
cont ai ni ng user. data “incl udes subc L_g__umuél"ﬁwﬁ‘ch S w % §he
sector header adder by way of a sector header encoder 129, t

R nable g1 06 O HR THRER PhE (SR AR WM Y ﬁ“*"”‘%%%eeé?%é
27, 2ontl b ocieats bt O 6 s Bk 1
-3 :.nformat:.on and the data atructure of a sector. For exemple. if
: .the eharacter str:.ng is _”HD-CDOOl". the data structure. resorded
.on the' d:.ak is of the type :.llustrated in Fig. 4. the. data -
-strueture used to represent '.l.'oc J.nformatz.on :i.s as shown in 'J.'able o

. 1. the data -tructure used to represent track J.nfozmat:.on ].8 as

'_shown in 'I'ables 2 and 3 and the data structure of the seciors of ’

-2 JECC R ST

for ex ample. the user data trackn. is a® shown 'in Table 4 (to be
.10 deacr:bed). D:.fferent data atructures may be :.dent:.f:.ed by the -
11 .character str:.ng “HD-CD002%, "HD-CD003". etc. The part:.cular
12 . | _characLer str:.ng which is recorded in th:Ls fJ.eld is. detected by
13 - the re‘:}roduc:.ng apparatus wh:.ch permlta proper :.nterpretat-.uon of
14  the pl wed back data cons:l.atent w:.th the senaed data struc,ture.
| 5 : : ni.gk_zzp_u_ This -byte data identzf:l.es the type of diak -
16 : -as, for example. a read only disk, a write once read many (womn

17 '.d:Lsk o an eraaab].e disk (such as the wr:.table opt:.cal dla: known
: ‘18. .. ag the "M:Lm." disc). '

- 19 - . 'E Wi:n This. l-byte field is used to
' '_ 20 - jidentu‘y the s:.ze of the opt:.cal d:.sk. For example. a ‘disk

- 21 _ d:.ameter: of 120 mlll:unetera znay be J.dent:.f:.ed by a byte whose.
22. '-value is *1%, a d:l.s)c whoae dlameter is 80 m:l.ll:uueters may he
23 identiiied by a byte whose value ig "2". and so on. In ac@!:.t:.on' |
2_4'_: . OFe alternat:.vely. this f:.eld may be uaed to J.dentlfy the ftorage

25 "'capac:l.ty of the d:.sk.

".':soss_.mls.ls-,i.lﬂ’- : S B
S I - ' This Sheet Has Been Replaced

Recelved Time__ 14 Mar 15:52 ~ Print Time 14 Maz. 16:28



'95-g3-14 17:18 SONY FOREIGN PATENT A +81354483863 - T-515 #.33745
. anfhoc andiso kork & tGhInad eb CRD WMLt 0 t he user data that is recorded@@ 03:53 pn
_ di sariRoYeshilatinngmacat B REMEINISEMEMY or nation identifies the track nunbel #%of &3
“which the sector which contains this tion is recorded, T
~ copyri ght management information whi THIR SBERT NARS | Rt fler the data - -
reproduced fromthe disk, such as vi eo d&ew; amay, b€ cppi ed, appllcatlon ID
“information which deS|gnates the par -af=Hse$“aﬁﬂ14¢at|on
" recorded in the sector tlne code data which represents tIWEI4$Q£o Nl

‘whi ¢h the user data_is J Pt tﬁ?@ 101 14t Al ures :

_tha may be recor ' SUch as-the di's or separatlon
_ betye E&g:&asta etxtsCﬂﬂ@@' a&e&aﬁe&t@u gl {0l [ owi ng and '_
- the next prece rng-vi eo pictures. system contr ol Ier 110 control s sector

: heagler encoder

_ 43" These two-fzelda. each formed of 20 bytes. ‘store Lnformatlon
5 . which is part;cularly useful for erasable dzska or for WUQM dzsk- :
6 and i not further descr;bed hereln. _ |
7 | '._' : !hln-n_uunhg;L Thls 1-byte data field is used when
-B | severul d;sks conat;tute a collectlon of data for a partaﬂular
) appl;cet;on.. For example. if the collectlon zncludes 2, 3. 4,
~;10"_ etc. dLaka. this - fleld Ldentlfles wh1Ch one of those dxaxa is the
11 i present d:l.sk. _ - : : o - | _
12 t'-_”= - :ygg;_!glu!gJ!gnhggL Th;s -byte f;eld 1dent1f1@a the.,
13 ﬂ'etotal number of dxsks which constltute the collectlon in which
14 the present disk 1s included. DU ' o ,
'  ;155 "_~*“ B g::algg_lnnhg;L Thzs 16-byte fleld is used to ldentxfy"
..' 161  -the type of 1nformation or program that is recorded on the dlak.:.
_17_ | Such 1dent1f1¢atlon conat;tutes the *catalog number' and is
18"~-represented as UPC/EAN/JAN code presently used to Ldentzfy
_19!,. varlous goods. o '

20 u-ms 8-byt-i field

21 1.8 :.ntended to :.dent:l.fy the partlcular ugser appl:.catxon for this
22 N disk. mr*d:.um. at present. this field is not used.. R
23 _' - MMM This 16-byte field stores
| 24 ~ the tis “le of the d:.sk :Ln the Engl:.sh language. as represented by

25 the 180646 standard. zuthough the actual title of the disk may

£055 AR /3193, AFP S - . 83
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. section 133, the latter being controf
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- RERAGEE; Nir SHE S TToaiont T RIZIMMINE certain that the. proper subcode@ﬂ-ﬂ-ﬁ 83:53 pn

-i nffor i ttsbiiati i ot MASAEWLBREMYer i nformation (as shown in Fig. 10)Di63 of 653

pl aced in the proper data |ocation for proper recordlng in a user track. E
User data, including the sector. heades—added-th reason of sector

‘header adder 128, is subjected to eroTHISEBHESkNEERG '”9 carri by -

an ECC circuit 132 in conmbination wfh a MREPLACHS1 an qpﬁ% ;%#g%%g

:roIIer

U ber 555"?’%%91 Mol " o BUBE RN [Pahifapiga ol ATCTL LT fhe_'

- opt cal o%fi:&% Q.ahn:.UEhEQQJéEQE.Sﬁ Bei eruE Eﬁéf@tlgeréém@&@a ihn
.one enbodi ment of the present _

3 this fxeld. In other embodlmenta. the f;eld ‘may contaln a leaser
f'4-n or grﬁater number of bytes ‘g0 as to accommodate English f;tles of :
5 lleaaer or greater length. ' ' o

Ge} ln:nl;&aas!nsn_s_nntzz_ﬂnﬂg_ This 3-byte field is

7_. ﬂlntendad to identify the actual language of the tltle of the '
;'B.j-.dlak. For example. 1f the actual title of the dlsk is in
'g§ Japaneae. thxs field records the.“local language countzy' as
10 Japan. If the title is in French, this field :ecords the 'local

.l ll-_- language country" ae France. -The code reaorded in thls fLeld may |
 12- :lexhlblt a numerical value correapondlng to a partlcular country

13 or, alternatiVely..the field may be as prescrlbed by the £803166
4 standard. If it is desired not to utilize this field, the

15 J_cha:acter strlng reeerded thereln may be OxFFFFFF.
L %, ge: Thxs l—byte

17 fleld 1dentlfies the nnmber of bytos that are used in the "Disk
_18”' 'wltle In Local Language field (to be descrxbed) to repreaent the
19 _tltle >f. the disk in the 1oeal language. If the actual dlsk |
291- ltztle is’ not zecorded 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¢ mkmzs_nm_umm This N-byte field

25 rep:esents the actual tltle of the d;ak in the local language.

8095, mluna.apr _ 34
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i nEvews tCindis, Nertie ASEHord wt B uced by circuit 132 .is convol uti c@o&-mﬂﬁngsﬂp
 and 4 lisshilatm Qe 3t §5Rina7d |- bel ow i n conjunction with Fig. 17. [1438ik853
- sufficient for an understanding of ‘Fig. 1 sinply to point out that the ECC
encodi ng assenbl es a frame of data. bytrwmu___ nhol s, referred to as a C2 - '
- code word fornmed of ,” for exanple, 116 Pymas s@f=$Y/00 S—%nd gener at es 2
-~ parity bytes as a function of-a respec'lve 5§{a %y;éﬁﬁ%’$ynbol i n XATENT
predeterm ned nunber of C2 code mords “For - exanpl es if_th

x e. daﬁé°&9@§§1§§
ool S 40 8 Gnt- Rt el lle MBSRMENY ook pirmpites’ 00T
g, sttt gt o Shtted? O DT ST
~In3his ltandards are expected to be uaed as the data recorded in thie :
| 4__f;f1e1da It is appreciated that the number of bytes whlch
5 -const,tute thls field is varlable.'t L : o
6 _"ri;st;ngsr_nnnhgg& This l-hyte f;eld 1dent1f1es the:
LT . number of the track which constitutes the firat track that
8 f-contazns user znformatlon.' For example..lf the TOC 1n£ormation '
_ 9 is recorded in a a;ngle track. and if thx- s;ngle track L%”
';0.' identified as track 0 1n the program area. then the number of the
11 _track which const;tutea the "First Track ‘Number® ig 1._.
12 AR uu;hgg_g:_:zggk_:gggsgg_ This l-byte field identifies

.t13 the tctal nnmber of user tracks that are recorded It is

u d.apprecmated that if this field conta;ns a single hyte. a raximum
- 15 * of 256 user data tracks, that is., tracks which contain dser
_fld.:'.lnformntron. may be recorded. | |

l;7;_' o : . The data recorded in the track lnformatloﬁ fzeloe of o

318_' the. TOC data - shown 1n Table 1l now wxll be deacrlbed in
 19“".conjunwt1on with the follcw1ng Table 3z '

20

UL %
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'95-g3-14  17:28  SONY FOREIGN PATENT ‘ +81354483063 T-515 7.36/45
23 () SaTrofdat W (212) B40-8712 . Date manner, the C2 pan&tﬁhﬂ-ﬁeswﬂp-
~ ar elogtm doshiketcu Gy ab ECHMPIOBLBIMMIENI e t echni que; and as an exanpl e, 12 Bfdhef 63
-~ [err] parity bytes are added to the C2 code mord [err] even t hough such C2
_ parity bytes relate to data-.bytes ing "“ ......... =2-ords.. Then, [err] .
"parity bytes are generated for the QI il to V\/mch has been
- added the. C2 parity bytes, resulting |n\MﬂﬁPUNEmmﬁerré her ej ng?
L ] : motek! conSIgg?iéoﬁ 36
~ dat,a bytes, plus 12'C2 parity bytes, Fﬁii S C1 parlty bytes is stored in
prpry 131, The sequenti al order: of : bytes in the Cl code- wor ds
st@ed in nenory 131 is rearran e, delaylng t he odd bytes

'“eField Néme'-

6 Track Number 1

g  BcC ype 1

13 | speed Setting 1 |

11 fstars sa 3

12 {End sa 3|

13 ".:Time COde at start Po;nt 4

' _14*f'.3quy;ng sze' L _ 4
;sle-- Master1ng Date & Tlme S 7
16 'Reserved for Agglxcatlon 1D strlng 8

17 [rome - a2 |
19 -~ The info:maﬁion recorded in.each of the'fields which

. 20 . congtitute theﬁtrack'informétioh of Table 3 now will be described
21 _' in greatez deta;l. _ . . | | , o L

22" zxagk Number: This 1-byte field identifies the pamber
23 °  of the track :epresented by this track information. Slnce'One
24 byte in naed to ldentlfy the track number. it is appreciatsd that

- a5 '_a maxlmum of 256 user data tracks may be recorded. Of course, a

'-“26d alngle track number is used to identify a respectmve ﬁrack"and

d27-'7:no two fracks on this disk are Ldentlfied by the -ame track

:28'_ -number. Although 1t is preferred that the Bucce551ve tracas are

. 29 numbered aeqpent;ally. it also is appreclated that, if des.red,

soss;m/ai:::.m '_ | 36 |
o Iiiﬂ‘iiilffei'ﬁeiiim
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i Since each group consists of on?’y"dﬁ".wl‘"
Sl es _

€ Cl1 code word, -an odd group of data

~.of one Cl code word is conbined with a bytes of the
next-foll owing Cl1 code word, thus forfqﬁ@ﬂ&qd’r.sawgnm rder of hytes.
. This ‘di sarranged order inproves the bulst et alsmuni ty flof the EGE.ppgpded
. data. The disarranged order of the ECCféﬁooﬂéd:ﬁyteﬁi.q. uppl §561 6609193
~menmory 131 to a nodul ator 140 which, preferably, carries out 8- to-16. °

- oqul at iy Q:'zta*éwm ted abrbi GREY) aPeRiski AGMBEY! AndCthite drahdol Shibe

Menory controller supplies to nenory 131 the necessary read and wite

adgr essqy tﬂe@ﬂﬁfﬁﬁd By ghecraack Nﬁmbbe"Cf:.aast y bytes in
cross ‘interl eaved formand-al'so to

3 e lﬁg_lzngL,Thls l-hyte data 1dent1f1ea the error
4 correcLLon code whrch is used to encode the user data recurded in
. 5 -thrs trnck. For example. the Ecc type may be e:ther 1ong |
6 -drstance error: correctron code. known as the L format. or short
f 7. drstance ‘errox correctlon code, known as the s format. The ..
d'8 ) 'dlffezence between the L format and the s format is described
:Q: . below. D : .
_10".' 1 ln.gﬂ_ﬂghg;gg_ Thls 1-byte data 1dent1f1es the data
"-11f-i tranafer rate by which data is recovered from thls track. For
12 : examp]e.'rf a reference data transfer rate is 1. 4 Mbps. the
13- o “Speeo Settlng field may exhibit a value representlng 1 thzs
-_'14a rrreference rate or 2 x the reference rate or 4 x the refermnce
~i5;' ;rate or 6 x the reference rate. ‘Fig. 8 is a tabular

_16}2 azepreaentatlon of thll 'Speed Settzng" freldr and it is

17r- -appreclated that the data tranafer rate need not be an integral
- alS_-.amultrple.of the reference data transfer rate. as represenred ny _
19 'thélvaiue tFF' The byte value 0 for this field., as - shown in
izo.af_Pig. g, representa that real t1me read-out of data is not |
-_21. f'requzred It is. apprec;ated that computer data. as opposed to,

22" ._for example, v;deo data. does not require real tlme read-out.

23 | Hence, 1f computer data is recorded 1n the track 1dent1f*vd by

24 the *Track Number' field in Table 3, the value of the 'Spued

25 ] Settlng field is set to 0. o
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95—83—14 17:21 SDNY FDREIEN PATENT  ° +81354483063 . T-515 °.38/45 :

he sequential order of the data @845 mmp_ .
Sar | order. In the preferred enbodi nent ofmﬂﬂﬂ”ﬂ :

.-ECC encodlng technlque a Iong di st an as the L format,

- is use. The L format results in C  c déﬂ&ﬁnaefttmmﬁaﬂmrarranged as .shown in

Fig. 18, described-further bel ow. |fl|jdesi rR&PLANES ECC: encoded data naM o

aleaalinaon

- exhibit a short distance code or S .format, Suth as 19 ,eplct
- descri bed bel ow. EEpendlng upon mhether the L fornat or the

sejected, System §eaif Obh, |4 Os el _b>y7_:r, ) r@ﬂ % ﬁ ch that .
" the read and wite: operatlons of ~MENor y : <f %% es to be ECC

| enzodedfiemetméntﬂ@y Ltﬁ@rm:éﬁs ld¥e thd CHH?& aector of the track
3 ldentlfled in the “Track Number® field and the addrees of the end

.faector of that track. 81nce the number of . sectors xncluded Ln a

track is varlable. the gtart and end sector addreases of a glven

carryzng out a h;gh speed access Operatlon of a dealred track.

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

4

5
.{6'_ .track are not fixed. Hence.-theae flelds are useful when

7

8 .

9 ‘a t;me code for the atart sector in the track Ldentlfaed by the
tio' _'Track Number* fleld. It w111 be appreclated that if the user
11 qlnformatlon represents v1deo data. -uch wvideo. data ‘may. be .
.”12 :_;recorded with conwent;onal tlme ‘codea and the start sector of the-
13, | track which contazna ‘such v;deo data is recorded in th;s '”;me

14 5 Code At start Point" field. If t;me codes are not recorded wath
15 the ueer infomat:l.on. this f:.eld may - be lef'l: ‘blank or may I)e

16 - _pnov;ded w1th no data. such as the character code 0.

17 - h . B g;gz_gg__igg__whis 4-byte data represents the overall
.18;2-_playback t;me for the program lnformatlon that is. recorded in the
- 19 1fttzack ldentlfled by the “Track Number' f;eld. For example if
20 ‘the user Lnformatlon in thls track is an audlo program, thﬁ
21 playing time for thls track may  be on the order of about 10
352 _a-mznutes; If the user 1nformat1on constitutes. compressed video
'23'i: data, the playing tzme may be 2 or 3 or even up to 15 minutes.
_24-11: - uhgsgging_nlgg_.nﬂ_zlngi This 7-byte fleld identifies

25 'the date and time of creatxon of the master disk from whicli- thig

_'.mi-mma-u'e o A8
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Nirale [Cart i3;_ Muivi® 8 Seford st @ORIZDAMISNES 8- bi t bytes supplied thereto figy-1Es80ys OE:

© 131: gyt Yoshiigtsiy fno of B BSMEERLEITHMIRYnhol is run length linited (RLL), as[yie bt
be described. It will be appreciated {af; B¥- eneratdn 16-bit synbols, .
- the-accunul ated digital sum val ue (DS /)h'%%%tE iL§J§§ trfn tion of the run

| engt h of the digital signal, that isi -
.hunber of consecutive 1s, is limted to permt the DC conponent WEREZENTs

produced as'a'function of such consecutive Gs or “to remafR04P00B1Bose

" f t of the digital =~ -
| 'SI gnal ?#‘fils recorg'éc#]%orgrt it :‘:)t;"hr qg%g% ggggggﬁﬁgéﬁf°ah8hglt hgt
: _d'ﬂ' ta'tlﬁ.sgrf?ieicf. _r%%ﬁ%&ir Q:hri‘sn'fmeiadmay be ‘replaced by null data .

- 3 represtanted by character code 0.

Wm This B-byte fleld

1s J.ntended to store J.nformation representat:.ve of the part:.cular

4
5 .

_:6 '.uapplrcatron for Wthh the data record in the track 1dent1f1ed by
7 the “rrack. Number" field is to be used. Th;s differs sllghtly o
8 -'from the 'Appllcatlon ID" fleld 1n Table 2. because the Tabie 2
9. 3:f1eld is Lntended to . 1dent1fy the type of appllcatron or us@
10 h1ntended for the entire disk, whereas the 'Applicatlon ID" f1e1d

-.11-_._of Tablp 3 simply the 1dent1f1es the type or use of the dava
12 - recorded in a partzcular track on that d;ak.
13 k | L Referring now to Fig. 10. there is illustrated a
14;"'preferred embod;ment of the data structure of a sector of uvaser o
15 1nformst1on.< Toc 1nformatzon also is recorded in sectors. and

i':_16. | -'the structure of such TOC sector is sm:.lar. The follow:.ng Table

17 _'4 :.dent..f:.es the flelds of the sectors shown in Fig. 10:

P”gmhggs.ﬂ - . | 39 ' Sheet Has Been Reﬁaced
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" an el ectro-optical nodul ator 151 V\/mch rel geg: u

. 1g5-g3-14 17:23  SONY FOREIGN PATENT 4 +81354483063 T-515 1.48745 Lo
.2 i3 tnovets181ShrfoddLes P W2ME) Beee{2a r ecor ding signal which is coupl 13155 09:56 pu
- cutlod Mrg Yoxhiketsuclm ot @SMG0100MUBIHBING at us i s used to neke an original di {§e3Ire@e3

whi ch one or nore nother disks nay be produced and from whi ch copi es may be
stanped for distribution to end users=—Fhat is. such stanped disks

constitute the CD ROVs. In ohe enbodllbmvms st 1 ppar at us' i ncl udes
%goﬁbﬁ o-cal | ed RATENE .

: '-'effect to nodulate a |ight beam that “s-used=facrgut” ah ori A3H0Q+3383

is original disk is used by a mast ppar at us. 160 to produce a naster
the original disk. The nmastering i%%ﬂg-afus relies upon conventi onal -

: _teshnl gues, such as devel opmeg Sn& @ E gg gggogltlon to produce a =
‘plrality of not her di sks: Su _ used in stanpers which

~ ejecti opF=w

F:.eld Name “

& L
5 ] sector sync
6 ] _
7 | CRC -
-8
- 9. -'Subcode
10 _Pos-:m-cluater
11 Address
12 fMoge .
13 |'sub-Haader
‘14 | User pata
15 |
le
.17
18
20 It is seen that a aector is compr:.sed of a sector '

_'.21' '_header wh:.ch conta:.ns 24-byi:ee arrenged in one embod:unent a8
‘22 shown in Fig. 103, followed by 2,048 bytes of user data, 4-bytes
| 2._3. | .of error detect:.on code (EDC). and 12-bytea th.ch are regerved. '
24 -Preferably. a number of sectors constitute a "cluater"._end as'
25 ', one example, a cluster :.s compr:Lsed of 8 sectors or 16 secf"ars.
.26. | as may be deternu.ned by the preferred forma.t.
. 27 , _ A more deta:.led explanat:.on of the different fialds
28 | -wh:Lch canstltute the. aector shcvzn in Fig. IOA now will. be

.29 _prov:.def*l .
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o 95-@3—14 17:24 SONY FOREIGN PATENT 4 +81354483063 - T-515 P. 41745
dmxw ankris SNaffidat BV ZIDBG-®WTRY in Fig. 1 are intended to repre@eﬁm—mm.ﬁm _
i njTexchei Soshikmdsuciingiot WridGe188P81BIR44E8H ppar at us in manufacturi ng such di skd24ing 853 -
- conpl eted disk i§ depicted.as. disk 100. " The technlque used to reproduce the
i nfor mation- recorded on opti cal d'sﬁdlgl—ib‘ ME=HE described in
conj unction with the bl ock di agram BMp fquggﬁmﬁSQEE are, the dISk | S
optically read by an optical pickupi?2 ﬁhtghﬁbrﬁngLs a l'igh TENR: h
as a | aser bean1haV|ng the spatial fieguercy=ferr| this beam -3193

“reflected fromth dISk nd d cte niiopal p detector The -
- dettect or converts g% bgﬁ?rl"/ ‘Eﬁ'?%pﬁfynoq ng electrical
.S|§nal gge%etermlned bit pattern which is readlly detected and which is

3 unique and d;atinctlve frcm the data pattern lncluded in any
4 other field cf a sector. ‘The accurate detection of the sync
5 'pattern may be confzrmed senazng errors whzch are interpretated
6 '_from the Lnformaticn reproduced frcm the sector. If a ;arge _
.'.7 - number of errore are detected contxngally.rlt 1csaa£ely assumed
8 that.the sync:patterg.haa not been'accurately seﬁsed.'
9 _: Altern@tively, and'preferatly.*the dempdclator'which is used to
10 tccnﬁezt 16-bit'symbols'to 8-bit b&tea (cr. more generélly} to
_;1' .conwert an MPblt symbol to an n-pbit - hyte) may anlude suitable"
12'; 'converuzon tablea uh;ch are. not operable to ccnvert the sync
13" ;pattern to a- hyte.. The aync pattern 1s-assumed to be preaent
-14; . when the demodulator is unable to f;nd an n-blt hyte uh;ch |

15 .corresycnda to a recelved m-bat symbol.-_ : :

i6_;;{.“ - _f cz:11e_anégeﬂnnez_sege_xggg;L This z-hyte fleld is

17 jderxved from the subcode data. the cluster posltzon data and the
"lsf-_.sector address and.mode data included in +the sector headera Such

19 CRC data ie uled to correct errors. that may be present in these

20.' flelds. - _ . _ _
.21 SR gnhggﬂgl Thls 5-byte f;cld is descrzbed helcw.

22 muu_zemnn.. 'I'h:.s 1-byte f:.eld identifies the |
23 _fpartlcular order . 1n the cluster 1n which th;s sector is located.

24 Ebr example, if- the clusterlls formed of a 8 sectors, this field

| 5O9S.MAR/NSIAEP -
. : ' . This Sheet Has Been Reilac
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r -95— 3- 17:24  SONY FOREIGN PATENT +8135448386
?d aa-risrmmuakmtzm:l!&uﬂa wavef orm equal i zer 213 and. therﬁeﬁﬁ-’iﬁawwu

| 'phau;dlrl Koshlingsnl Oonyt @ BGRINMUMISMATE ng circuit 214 and to a denmodul at or R #5.0f 83
‘Transitions in-the recovered electricg nal__are used to synchronlze t he
phase | ocked | oop to extfract therefr ”h%?%ﬁ 1.9GK, SEGBGT]| whi ch was used to

record data on the.disk. The extract J§ﬂ§-up fto dermodul at or 215
whi ch performs RLL denndulatlon thatLt&;deseﬁtbedekﬂrgreater f E
~ in conjunction with Flg 31. Suffice it to say that if data IS recor on .

di gk 100 .as 16:bit, d tes, mbol
I ian BLﬁgﬁts‘?ﬁﬁlﬁl ﬁ'ﬁ'{"é‘gf% é’%@éﬁ% %&e’gﬁg%ugeproﬁg&;d%%m d?)s/k 200
|s suppkhgd Eﬁceﬁglgg ;fgiugggr The clock signal extracted by phase - o

o0op C reproducing circui-t 214 .also is supplied to the ring

bugfer to pernit aAlaregkoCcihi§ B+ Byté £ Deldlaronist esbalaie ukizyaeodul ated .

~data also i's supplied from denodul ator 215

-4 addreﬂs for thla sector. Since the address is represented as 3~
'.5;' 'bytes. a maximum of 64K sectors- theoretlcally may be reco rded.
6 Flgs. 4=7 repreaent the aector addre-ses of different usexr data .
7 _trackm ' _ o ' |
..8 _ - ugdg_gng_ﬂnh_!hajggL These fields are eonventlonally
9 -uaed in CD-ROMB and the data represented here is the same as that
.10' conwenclonally uaed in -such CD-ROMs. '
11 | Q__g_ﬂgg;; 2 048 hytes of lnformation are recoraed in
12 the user data field. For example. computer data. compresne-d

13 "video dafe, audio'deta and the like may be-recorded. If video |
14 " data ie recorded. the MPEG atandard may be used to COMPIEEG that
:_i5 .Ldata. ad descr;bed in standard 1801381-1. _ . _
16 | M@M 'I‘h:.s 4-byte data is cycl:.c code
17.;..wh1eh 8 added by uuc adder 127 (Flg. 1) ‘and 1; u-ed to enable '

.18. .the detect;on of an uncorrectable error in the lector.
19;' ”_ . ' Fig..IOB schemat;cally 1llustrates another embodlment
ZO;_ of a seetor header. th;s one contain;ng 20-bytee. The fze ids of

'}éip: _the zo—byte sector header of Fzg. IOB are szmllar to the flelds
ﬁ2f :1of the eector header shown 1n Fig. . 105. and to avo;d unneceeaary :
' éé j; dupllcative explanat;on. are not further descrlbed._-
24"__". A detailed d:scusslon of the sub-code field now is

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

- sqs;ml_u_sa.&p s o '42 | TThis Sheet Has Been K
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 Rrod CErREE] Mrrid 8T E@RERIZVBHBIE Whi ch functions to detect and se?m mg
Sedd: K. hsidkits Qi ot @ B45010071MBMPTNIcd dat a.- Ring buffer 217 is coup

ed [vessef &3
error correcting circuit 216 which functions to correct errors-that my be-
' npl e, when data is

recorded in the | ong distance code onngd%pﬁfttmgsﬁxﬁ; |l e, Cl code words,
. each conprised of 136 synbols incluffi ng IHiérsyadi®l S representin aaaang
C2 data) 12 synbol s representing CE=parrey=amd=8-Synbol s reﬂﬁ@géﬁrﬁﬂg 1
' correcti PLACENENT, S@FET %? C|r%%|t 216 fir uses the
of Lons. a 1- e _

Gl pat | H8€ Fia | wubredd 24914, 14, comprise

Zf' address port;on and a 4-byte data portzon. The value of the
-3 addres% portlon serVe- to 1dent1fy the typé of data that zs _ ’
4 recorded 1n the. data portlon._ For example. and as shown 1a F;g.-
j§f ©11a, zf the value of the address portlon ia 0, null or gero ‘data -
_;é_ﬁ: is reconded in the-data port;on. o ' o o
7 . If the value of the addreas portlon is 1, as shown in
'él _ Flg. 18, the data port;on is prov;ded with the follow;ng 1 byté_
9 '_Lnformatmonl' o | R |
' -ib*.' o ' ::ggk_ln.hg:;.Thxs data Ldentlfxea the number of the
| 11 _ftrack in which the sector conta;ning this sub-code is recorded.
12 _"T : ggg;gigh&gﬁ; Th;s byte exhlb;ts the structuze shown in

_ 13 _Fig 11 Whé:@ln 2 "1' bit represents that cogylng of the

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

15 ;c0931ng of the anaoc;ated data is permltted. The bit posltxona
15. of the -opyr;ght byte ldEBtlfy the type of user data for which

317""copy1ng is selectlvely prohlbxted or. pe:mltted.- Ae shown in Fig.

18 12, the 1dent1£1ed user data 18 analog video data, analog audio

19 - :data. dlgxtal v1deo data. d1g1tal audxo data. and the 11kef For

20 example. lf the ‘user data in th;s sector 15 dlgltal video data

.-21: | and 1f copylng of that dxg;tal video data is pmoh1b1ted, the
22 'eopyrxgnt byte may - appear as '00100000' ' ,
23 lnp;_gagigg_:ﬁk_mhla 1nd1cates the part;eular

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

:25 L sector.} Examplea of typical appllcatlons are shown in Flg. 13 as .

| P”-'l%am-m I - 43.-'
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t Fran: ClRRIS, Jhﬂnellemna izpp@br2ord. A corrected C1 word is rew le»um-ﬁnm
ri tuy aUNethikats® 000; at £ BAS01062011ME /MBSO or correcting circuit uses the C2 pmmy!ﬂ
synbols for further error correction.f] /nbol's which are
subj ected to further error correctio F%SSQEIr;h o the ring buffer as
corrected data. Reference is made tot eﬁentxppg% 5 i 6sue Patent RE -
31,666 for an exanple of error correction. TTr%#e:eyent t hat an ePAFENTIN
the sector header is sensed, error correctlng circuit 216 us4501098-3193
he §ect header, and the" correqted sect or

.parity synbols to correct t
 hehder ?%“‘P‘EWFW%’FH n‘f’é;%?'sw [Antgr BCact &E Bo1 dakd, i FgEoTded thé
pari nbolsm@=ed ot [ ead error ction
ﬁ%%t|oﬁgﬁ1§% flrﬁhﬁ §§%%%ﬁ§ﬁ &B%P'gﬁy¥§ﬁr:§PF8P %F e8P|8Re
eq;omlghgggg$gf @.glven sequence, but- the
4 : .?; lgg_;gng; This data 1nd1cates whether the user data is

5 'd-Ecc encoded in, for example. the L format or the S format, as
6 '.ehcwn 1n Fig. 16.- other types of Ecc codes mey be represented by
7ﬁ _other values of thia Ecc type byte. |
8 _; If the value of the sub—code address ie 2. as
9 represented in ?zg. 11c. the data pcrtzon repressnts time code. -
_;quf V'That 19. if the user data recorded in thrs sector is var:able '
: iiif_x'over trme. as wculd be the case if such data is video. date. the.
| ié: | time code data recorded in the sub~code freld represents time .
'- i; : 1nformetlon at wh:ch the user data is recorded An example of
_i41 “such tzme code data is represented in F;g. 14. It is appzeclated-'
15 .thet 2md1git BCD b;ts are used to represent the hour.-mlnute.
' 16”7g-uecond and frame-nt.wh;ch the uscr-data in thls.sector'1n~
17 recorded. e | - | |
18 ; | _ p_' If the value of the addmess portron is 3. as deplcted
fiQ _ ezn Frg. 11D, the data portron of the sub-code field represents |

- 20 rthe.dletence.frcm the sector 1n ﬂhlch th;e sub-ccde-fleld ia

21 _recorded tc the f;rst sector in which an rmmedzately precedrng I
22 -ccmpressed video pzcture is recorded. -and elsc the distance from
.23 this se~tor to the firet sector in which the next—follcw:nc g

24 compresﬁed v1deo prcture is reccrded. Those of ordlnary 8kill in

25 fthe art will recognrle that v1dec data, when ccmpressed in
pss.mnm,m S ‘H '- ’
S ' ThﬁﬁTiﬁliiiW

m;_._n_e;Receivéd.Time;_'__JA.MHr{ISfSZ"_ o Print Time 14 Mar.16:25
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€ FrioR Omd &, Meeis| ACSAITON QD R L1 \MMOEIZs are rearranged in a different . saqm-uhelﬂ-ur
rederiti Yughikaksn Goonad (1/B4816978A40UIEETMhe odd and even synbols are separat e(ﬁ&ﬁd‘f__.
t he odd synbols of a Cl code word arel 3 group while the .
~ even synbol s gf that CL code word are 3@@#% HEIE. quﬁSQL group. _
Al ternatively, odd and even synbols of duff&" L-code - wor ds nay be
grouped together for recordi'ng. Still further, -other sequenuég_ PATENT
X arrangenents nay be used to record the data. EUrlng playback 199-3193

t t 2 b 17 t
Cebuver sptorunRbe iR, 08, el AARTR, Y BHATI O i B,
_ Seguencgnco"mét vk.aeot chture. typ:.cally ‘known as an I p:.cture, a _i;‘i. -

3 pred:.ct:.ve coded vz.deo p:.cture. typically known as a P picture,

‘?.u_u

' and a b:.-da.rect:.onally pred:.ct:.ve coded v:.deo p:.cture. typ:l.cally
know_nl a8 a B picture. The data port:l.on of the sub~code f:ueld '
- whoee address portion has the va-lue of 3 thus indicates the :

d:l.stam“es between this aector and the. beg:.nnmg of the next-

precedlng and next-follow:.ng I p:.ctures.

© ® N o U A

If the value of the addreas portion is 4. as shcpyn in
10 _Fzg.l 11E. the data port:.on :anludea 1-byte p:.cture type, " _
11 : J.ndicat:l.ng whether the v:.deo p:Lcture tha'l: is: reeorded in thi is

12; _ aector J.s an I, P. or B p:Lctux:e (see Fig. 15), and 2-byte

13- tempor:il reference data which indicates the location in the

14  original _pieture d._:'.spl_ay s_ecjﬁ,erice of the particular §ict_ur.~e that
15 = .is recorded in this sectér.- : 'rh.i'..s 'teinpéral ‘reference data is

16 . helpfuw. during a playbaek operat:.on becauae. as those of exd:.nazy
17 '..'_ek:n.ll in. the art recogm.ze. the 1ocat1.on of compresaed B-p:.cture
18 j 'data :.n the MPEG eode sequence may be qu:.te d:.fferent from the
19 .. ._ aetual 1ocat:Lon of that p:.cture when the B-p:.cture ult:.mately is
20 ) d:.splawed. ' o " , ,
21 o ' | - The Ecc fomat wh:.ch preferably is uaed m.th the
..'22 ._ 'presenf :.nvent;on is the L fomat. A schemat:.c representa zion of
'23' .an enecaded "data frame" :|.s dep:.cted in F:Lg. 17. '.'l.'lie ECC "frame';
24  is referred to here:.n as a Cl code word and. th:.s woxrd, when |
25 3 recordud. eonlu.sts of a sync pattern followed by 136 dats.

gpssyquwg.upf | - '_ - 45
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- CledmaCRtisDNatrds ArSaffoeiat! @ d2I2)N40-6712 as being recorded in a di sarrang@mrmq. -
~ t.hiet G rYoshtketsy Bm ab B URRIGOWDUIBLIFMESHE r cct i ng circuit and ring buffer operB¥es sfoss

- rearrange the order of the symbols in a- Cl code wor d to its properly

. arranged sequence.: Error corrected d§F Fed—ia—in uffer 217 is

coupled to enror detecting.cifcuit 2 2THiRI

. recorded data by .EDC adder 127 (Fig.}Ql).. td”“@fe{fec“t“) an uricorrect abl BAPENDr .

I'n the event that data cannot _be corrected, EDCTdetector 2224PP9048193

e L L L e L AR

bd ' Ts tﬁ"%&%?“?ér% sucelByhed s DgRHEEs Chagfariob EohTER™) | .

- ‘r:fs?gxlegmrp@ad cHankdl. pilthy!, WReZdas! sowearefﬁiédﬁy £4"QhabPSEE64' N9

4 | to comu.st of. only 8 b:.ts.' I'l: is appreo:.ated. however. tlut the
Cl oode word. pr:.or to conversion f::om 8-b:Lt bytes to 16-bs.t

| "symbola. that :.s, prior to modulatlon of the C1 code word..

- nevertheless oona:.ata of the conatruct:.on ahown in Fig. 17

where:.: it w:Lll be understood that the :Lllustrated symbols are._

in fact, bytea.

0@ N oW

o0 : 'I'he manner i.n whieh the c1 code word structu:e i

11 ' genera‘r e-d now will be briefly descz::.bed. 116 data by'!:es. or

_._.12 ymbols, known as a C2 word. are supplied to. for example. the
13 |  ECC eno-:vder :Eormd of memory 131 and ECC o:.rou:.t 132 of Fi~, 1.
14 _-'A c2- ho ld sect:.on is added to the c2. word. preferably by b :Lng

R 15 :.nserted between 'l:wo groups of 58 symbols. and a Cl hold ss-c..t:.on
16 is addeu"l:o the end of the resultant 128 symbols. A hold section
.:. 17 . _'merely regerves a locat:.on in the data stream in which par ty
18 data eu. wsequently is :.nserted. 'l'hus. a prel:uunary cl wor». may
19  be thousht of as being formed of a group.of 58 data aymbolt

20 ‘followe ! by a C2 hold section followed by .a. group of 58 d_a‘r:‘_a' __

_ 21 aymbols followed by .a Cl hold section. Then, C2 parity _s,',f.-w..bole

_ '22.._ - are. gem ‘rated by. for example. modulo 2 add:.t:.on.. 'Prefefai:!y, -

- 23 one dati: symbol in one prelmu.nary o § word is modulo-2 comk ined
".24_ w;th a vata symbol :anluded in the next (or seeond) preliminary
.25 €l word. If des:.red. further comb:.na,t:l.ona may be effected with a

m\m\ \‘iii\'f \“\ﬁ‘ | m\

'_'scss.mlu.s aeP _ &6

-~ Received Ti.mé_'___,i_S. Mar, 0:01_ __‘__,Pxint Time’-' 15, Ma: 0:42
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'- "_21'9'&@ - et ect or 222, is coupled. to a TO® SR 2Cpm _
f of: e Tophikatay GI pr-ayback operat| on and for permtting B 91 653

i".access to user; data The TOC i nformat.ion stored in menory 223, as vel | as
" sector |nforrrat|on separ-ated fromthe reproduced data by sect or  header
- detector 221 -are coupled to a system col 3 stem control I er

~responds _to user-generated instructions SRS § '”&'ﬂt'ﬁ'éﬁ'@FBN
c ; i) éﬁ%roaaasand

interface: 231 to control disk drive 225 SO as“t*b"acc%ss_ﬂ

AL AR et o S e B A W,

_'_-WWDFY and E@%:hﬂ%é'dﬁrm&e one c2 parity symbol. . The next C2 par:.ty
3 symbol is produced by a similax comb:.nat:u.on of the next data

4 .'-symbol in th:n.s f:.rst prel:un:l_nary c1 word with respect:.ve duta
5 - 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 number of dat_a_.symbols_.-. of the same predetemﬁ..ned
8 number of s\iccessj.ve_ p‘reliminary cl wrds. That ie.'_ if th}a c2
9 ..parity ﬁymbol is produced by meduio-lz combining two data -wnrds.... |
10 then orw2 data word of the f:.rst prel:.m:.nary cl word is modulo-2
11 "_-combim.-d _i\llth_ oz;e_da_ta- aymbol in the next symbol- pos:.t:l.on of the
: 12 -:next-fellowing 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,ona 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_ 3 comb:.ned. | | |
- 20 .' S a8 a preferred aapect of 'l:h:l.a ECC encod:.ng. the data
2'1-_. aymbola wh:Lch are comb:.ned oceupy lueceaa:.ve positions in f'he '
| -'.:2_2 ._ . respect-:.ve preliminazy- (o ] words. That J.l.' ;Lf the data symtol - :m .
23  the first prelim:l.nary €1 word is the nth data aymbol. ‘the jata
24 "_.symbol in the second preliminary C1 word is the (nth + 1)t data -

msell,ntmqm - E g 47 o
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'95-@3-15 91:86 SDNY FOREIGN PATENT -
: fc begi nni ng of each track; and syﬁtlam—n Wi pm

: cﬂ%&dﬁ } - generated request to access a part il3@nf 653 -

91007
track to control -di sk drive 225 such that the requested track is |ocated .
- and accessed.- Particular identifying informatio gpegsenting the data in

“the accessed track may be recovered ape=sHpp em control |, 0
RF ch day '3

achi eved. A further. descrl ptlon of t- s d ST
i nior MappRBolSeEN SataCaPhbol! iROLhOERIRE Preé ﬂ&fB}Q{ q,a,guy

"~ nentioned- abo?/e i's- di'scussed in- gregter det a|I %ﬁ%’%& Wi ﬂ

" appreci ghed 2yem aheaesymm,daﬁausslm. of- Figs. 10 and 21 that sect or

~ header information that is recovered fromthe di sk may be error corrected
- ‘by3usi ng the ClL p¥heny12ya@oparity | eymbols are mﬁed:ademdmﬁméﬂ‘le

" sector header. There is a high probabi|ity that_ any errors that may be .
'présent just descr:.bed, those 12 C2 parity symbols are :mserted inuo the

5 €2 hold sect;on of thxs flrst prellmlnary Cl word., thus fcrmlng a
6 'precursp:y-cl-wprd. Then. 8 c1 parlty symbols are generatad by
;5f7:: fconvenwiohaljparity symbol generatxon in response to the_dsts_and
8“:_ parlty symbols 1nc1uded in th;s pmecursory c1 word. The |

-9 ..-generaied Cl- parity symbols are lnserted 1nto ‘the C1 hold aectlon
10 . ‘thus forming the Cl code word. I
1 11s““_”- _~” . In the c1 code wozd ghown in Flg. 17. the c2 parlty
?fe;zzl 3symbols are lnserted between two groups of data symbols.: _

13 __Alternaklvely. the c2 par;ty symboll may be located at the end of
i4}2i'the 116 data symbols, that is, at the end of the C2 word. A~
_1f15e ' preestablished number of c1 ‘code words hav:ng the structure shown
716" ‘in Fzgn 17 con-tztute the long d;stance exrror correctlon eacoded
 17. ; data. That is, a preestabllshed number of the €l code words are .

18 - used as the I. :Eomst ECC encoded data having the structure shown
”19 in Elgﬁ ;B.' ‘As 111ustrated. 128 ci code words are. used. such

20 that'i§=-0} 1...127. 'Each Cl code word is comprised of & sync

21jj~ucode; ér'pattern. followed by 136 symbols S;; sl,..;s s..SLip
_'?22" _whereln 3 =0, 1,..135. The czrcles shown in Fig. 18 repxesent |

'23f thhe manner in thch the c2 par;ty symbols are genersted. 48 has
24 3gbeen dpscr;bed above, the c2 parlty symbols are generated for the

“25 :_01 code word in response to the data symbols 1nc1uded in code

'-_ms.mlam.m o 48
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ﬂggﬂk' - cdagegn €Ct €d by using the Cl parity sy®b8rsm
'-.Sl nce a".{égrco @ ot a-cont arns. C2 parity synbols that are generated fPoWE
"data synbol s i'ncluded in different Cl codgﬂﬂgLL;_,ﬂ“, or ‘information is

‘qui ¢kl y det ected qui ckly by not wai G Of —al [ia r8BEERE C2 parity synbols to
be assenbl ed before correcting the --EHB%S BAdeEp Thus| position g :
i'nformati on of a sector, which is i | uded"® Lhe—sett Or heaqsblgé glggctor
address, is detected, thus faCII|tat" rapid access to a-desire

REPL ACKZE YEETCEf, SetR),. wheira rSréﬁrbﬁeﬁﬁﬁpﬁhéanraofodW'@ﬂt i onal

'-3CD-RONImhere|n sector header information is interl'eaved in several Cl

2 jsymbols and that are oqmblned to generate the parlty symbot. .

| :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 cz

'-1par1ty symbols are recorded in a Cl1 code word. up to tuelve data

gaymbols can be corrected. slnce these twelve data symbols are

hgﬁlnoludsﬂ in twelve success;ve Cl code words. a burst error of .

'ﬁtwelve Cl oode worda can be oorreoted. wh;ch amounts to a

0w N e oa W

';hlo'ht'correctable error of 12 x 136 = 1,632 aymbols. |
1117-__ | “H An example of the s format ECC encodlng is ,
12 schematrcally llluetrated in Fig. 19. In the S format, the
'13 “_;twelve e 3 par;ty symbols are d1v1ded 1nto two groups of i c2
- .i4fdtrpar1ty symbols each. w;th one group of six cz parlty symbo’.s
15 being added to 58 data symbole and the other group. of six €2
16 ;_}parlty eymbola being added to the next 58 data symboll._ Tuus..
-_17z. - rather ‘than generatlng the €2 parity symbola from data synnol-.
'-i§: {gxnoluded in 128 Cl code words. the: c2 parzty symbole in £he: s
r.197t:.format are generated from succeaslve data symbols lnoluded in 64

207 : cl code’words havzng the schemat;c representatlon shown in ?19.

.'2; h. 19q. Whereas the L format permlts the use of c2 par;ty symhols to '

l22_':'oorreof errors in twelve c1 eode words. the S format supports €2
23 .f par;ty ﬂorreotxon of up to szx-Cl code words . Hence. the ¢
--_24 .format 9erm1ta the correctlon of a burst error of 6 x 136 & 816
_,25' fsymbols». | _ . _
o BOSS.GR/JISIAPP — 49
' j - - o . This Sheet Has Been Replace
' VA Ilﬂl
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"t hies e, dhslliﬁddeﬂmm S:URIWHIMEM ot or header data can be assenbled o\ $83 of €53
“interpreted. Fig 3.is a schenatlc represent ation of the nanner in which the’
~recording surface of disk 100 is di I-Had otk 15epaemAl ¢ areas, referred to

. as the lead-in area, the program arga andgghesdead-out area. Fig. al
'|dent|f|es the | ead sector ‘addresse :ﬂ&:fhe:ph@granqarea andA%HgQF ggngut

area. In the illustrated enbodi nent, the sectors included in

._me"é‘hex.“hbhtexgﬁgﬁ*‘e §7 SRRt CRCBCEIdRIAY Lieiens EL0TsRULBTR (I

segctor ddlggy% EyHd iRt haved telen’ pedpdaeadieeatolords LR Gakeds the

| I ength or
r gcor deghel hﬁrﬁﬁwdar s Eorniate mddeeaa-dehcehmtnstheepresenecﬁfxdedtﬁ.ent he
programarea is

.4 permzts a rednct;on in. redundancy from about 25% of prior axt CD=

Rous tc;about 15% 1n the preaent 1nventlon. _ o
A lector formed of BCC encoded data in the L format or

5
6
7 the 'S fbrmat 15 shown in Flgo 21 whereln the. sector anludﬂs a
8 ' .sector header formed of 24 symbols and also. 15 comprraed o
9

”elghteen Cl code words. each Cl code word having the constiuction .
'iof- .shown iz Fig. 17. The last Cl code word 1ncluded in the smctor

'11 i” 1nc1ude1 four error detectxon code aymbols and twelve symb:) 18

;fi2__'.that arn reserved fcr future uase. The sector header exhxbrts the
- 13 jstructure shown in F;g.-lo. Nevertheleal. errora that may pe’
i4 present in the sector header can be corrected generally by ualng '

t15?r ~on1y tha c1 parity symbols wh;ch are anerated for that C1 code

t_16_ 'fword. ) _ _ o
',17'7_'. . _ As an aspect of this 1nventlon. the sequence cf the
'”18'-_ symbola 1nc1uded ln a cl code word aa recorded in a track alffera .

f19{}_ from the sequence of the aymbols . that are’aupplmed for rer&rdlng.

- 20 - That Ls, and . with reference to Fxg._l. the eequence of the

21 -_aymbols supplied’ to moduletor 140 dszers from the sequence.of.'

ﬂ 22 i._symboiﬂlsupplied to switch 124. By recordlng the data symbols 1n f
3f23.a. what is referred to herein as a dlsarranged order, the = '
24 _posSLbliity is reduced that a burst. errcr wxll destroy the data

25 to. the ~"-xten1: that. when reproduced. the data will not be

"._.'ms‘mgmé.n; R '_ 59
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~\Feomi Cuplis. Nodrds i Saffapiont i i(ZW0 gl%herefore that the first sector aSdiddds

-t Hat Fee Joshigatsn (gp o Jom gt

"program area. One enbodi mant of the dis

own broadly i

~Fig. 3 is.schematically illustrated in §i g8is A@andAr4§¢E.t|ere the TCC
.region, which is conprised of one or noge TOCrERaLESH IZ;JI sposed i n_t
| ead-in area and TOC.information is rec = SEeHOS:

. to -1 (Fig. 4A).. These 32 sectors of - .27 TOCi nforrratlon o%%ﬁ)

posi ti.

posi ti igg; si gl 3;@ ¢k, jieNehhae
dupli cat’e tg%l %ns ar eE’ [ spose 1 nJ'tthtéIl déEI n-ar toge?:her W th

4B

--data. ”l%tf.dﬁiéta.on. the recording of the data symbols in d:.sarranged_

. .order enhances the poss:.b:l.l:.ty that accurate video p:.etursr'

L nevertheless can be recovered even in the presenee of the 1~urst

error. . F:.g. 20 is a achematic representat:.on of the mannes: :.n

__ wh:.eh the data symbols are. d:.ssrrsnged for recordlng.

‘Let it be assumed that data- symbols are reeorded on th

~disk in the order Dk nd let it be further assumed thst each Cl

code word is formed o:E m symbols. with n of ‘those symbols

'_ eonst:.tutlng a C2 code word (1..e. 116 da.ta. symbols and 12 cz

- par:Lty symbols) and n-n of those symbols const:.tut:.ng the ¢c1

parity symbols. The relat:l.onsh:.p among J.. i, ks m and n £or

' -reeordi g thus is:z

'-"k=mx:|.+2x3-m.when3<m/2

"k=mx:|.+2xj—(m—l)whenjamlz

B35

dependent upon the [ engt h of t 2082 of

n
he

aed -".

other

e

 XIf the data symbols appeaz on the disk in the reeorded sequence

"_-Do' D1' Dz aee sueh data symbols are grouped :.nto an odd grcup

'_-"followed by an even group. For example. and assuming 136

_symbols; data symbols D - D" const:.tute an ‘odd group of od'l

_numbered data symbols and data symbols D,B - Dus eonst:.tute an

' :..'even group of even data symbols. It w:.ll be understood that

*edd” and "even" refer to the or:.g:mal sequenee in wh;oh th::se

.'dsta synbols hsd been presented for record:mg. In the fomgomg

: _equat:.ons, :|. is the sequential order :l.n whieh the CI code words' '

. are presented for recordlng. 3 ia the sequentlal order of the m |

oS m/sn.s.u's ' o | 51
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- BagniQurdis, Morrisdl Saffond b B (#2

[ 98-8 The program area shown in Fi gs. S m -
i JordEmiehikatyy Gy - Rony pt B AERIOGIUMBUBPL a1 abl e. The sector address o '51 .
- first track of the: program-area is identified as address. 0 and the total '
nunber of tracks included in the prggeam-atea—i-s—desendent upon ‘the anount

“of information stored on the disk, .4hdHs se&lhesm&&ﬁer .of sector uded
in each track likew se |s vari abl e, he smk{‘aﬂdress s of 3‘@_ '
sectors of tracks 2, 3,.... Narev —¥¥-cotrse, t he | ead-"ou area

-_.comnsgabaise&ntascgf 11 588K hSracs G?x??eé QR SRR Und Wb At

. recorde Iven may -adm t o erent applicati'ons. However
s preaeaéed;hhﬁh;ahl taé hhﬁyﬂﬁbﬁsreﬁ@rf’ﬁbtdedi 19 HIRS tdeic ) 1 AMatacief of -

.the same application. Fig. 5. ill ustrates another di sk configuration vvherel n
_ Tmlnbs)r#rm,g.on I S recorded |n the | ead- |n area-from for
| ' When the c1 code wordl hav:.ng data symbols in the
sequencs: D,. Dyr oss Dy are played back from the d:.sk. the data
._'aymbola stozed in r:.ng -buffer 217 of F:.g. 2 are reatz:anged to the
.'-..'aequenoa':.llustrated in F:.g..it_):m'rhz.a sequence of Fz.g. 20 is-
' referred to as the arranged aequence and is formed of seque atial
'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 appreo:.ated that the data symbo .8
wh:.ch aze J.noluded :r.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 recerded 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 buffez' 217 of Fig.
‘2 of the symbols Dr: that are reproduced f.rom the d:.sk may hF |
| _-_expresaed as followss '
i = (k/m) - (kmod2) + 1
J = (m/2) x (kmodz) + (kmodm)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
- sequence of the m aymbols in each Cl code word that ie reao out

2 .
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was the case in Fig. 4, anﬁ@‘m -
%m'ﬁ'&flm %mmm program area. In the exanple ‘E.

-_|n "Fig. 5, the copy of the TOC |
* track whose |ead sector is, for -

b O rded in at |east one
ceecs @B EMUber 1024. Since the size

U ;
of the TOC region is fixed at 32\|sect orgntsdF i || be descri bed,

~sector of the copied TOC. reglon

\s—seete"T055. and t he | eady gﬂg&rﬁit he

"REPLACEMENT SHEET 28 next-follow ng user data track is |dent| ‘1edvas sector S

" 1056,
: area IS t hat $0

Q2 the” Q! néi VurHedV adidN % 2eCeRY AiabPLaRGldal a:Eaéfaihoanwhteﬁe%ogram

conput er applications do not “easi |y recogm ze + o
symbols are recorded on the d:.sk. : o : .

Although the present invent:l.on preferably recordu data

'_ :.n the 1‘.. :Eormat -of Ecc encod:.ng. the teach:.ngs ‘herein may he-

' .employed w:.th S :Eomat Ecc encod:mg. Discrimination between the '

. Py format and s format may be made by lena:.ng the ECC byte in the '

"track mformat:.on f:l.eld of the TOC data, auch aa the ECC b:&te

shown in 'rable 3, or by sensing the ECC byte included in the

.' suhcode f:l.eld shown in. Flg. 113, .wherein the ECC byte of ti'e

.aubcode ﬁ.eld may have the atructure shcwn :Ln F:Lg. 16. Anc ther

techn:.qqe that can be used for ECC format d:.acr:unmat:.on _

o "contemplatea ua:l.ng one type of sector aync patter when L fumat

. BCC enc vd:mg is used and another type . of. sector sync patte; T when

:Eormat .LB sensed.

| :s forn\a*' -Ecc encocl:l.ng :La used. 'I'hua. not only is sector

synchron:.zatz.on detected but. at the same time, . the type of Ecc

Yet another techn:Lque for- d:.acr:.m:.nat:.ng betweers 1:.

;format and s format Ecc encod:\.ng employs the add:Lt:Lon of a

d:.scr:um.nat:l.on b:.t :.med:.ately followzng the sector sync pe ttern.‘ .

still another techm.que for d:.scr:.m:.natlng between the

B and 8 ECC formats is based u.pon the ab:.l.zty of the ECC

-correct ,ng c:.rcuit 216 of Fig. 2 to oper:ate natz.sfactor:.ly: For

| _example . if exror correctlon aasumes that the ECC encoded data :_'.e

- in the &4 format and error correct:.on is not posslble, it 1s

- hJ.ghly Iil:ely that the data actually is :.n ‘the s format.

soUsaQR/sIet.arE L 53
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. area at sectors ‘0-to 31. Here, the

. '95-@3-15 .@1:1@ SONY FOREIGN PATent & +81354483863 T-527 >.@9/48 | :
;_dw-ac:a-ae.ouoekeds Saffonbult @rRZhBHTIY negat i ve addresses (such.as seckibésiE®|oteiom
- = 1Ted e t TabiRSC o 177 Somreh © BFR1002118 n the lead-in area). Still anothBy®&ef®&l
~ enbodi ment of the data- conflguratlon recorded on the optlcal di sk is o
"_|Ilustrated in Fig. 6, wherein the Zoctegror ded in the program

_ rH?El[SY{dhng\é‘f BEEN| Inf or nati.on |n the

program area differs fromthe reco olng &LV¥§§§LgfoLnnt|on | BES

‘area of Fig. 5 in.that the Flg 6 aHA Et—d06s not incl ul@ 05

the T f d |

poei {1 FORmRCR O Ml ﬁ%_r.r;%%%w”%% g Siak! $ReT B inbBarc i a?.gon' i
due to ¢ | S

Conpur ¥ Rt it ' ol MR UL BoioR ‘5#%. dEhEE pOSRTRIE P d.

_I nf or rrﬂ-l:.gm.y 2. Deay dht ReHe Qa0 hiadbeedd encbdied 4APtRei &t €8rmat.

"Thus. m.scrm:.natlon between: the formats is dependent upon the

success or fa:.lure of error correct:.on. '

. he ECC encoded data, whether in: the L format ox the S
format. conat:.tute convolut:.on codea. Py group of Cl code vvorda
may be thought of as a block and such 01 code words may be block

-. 'coded m the manner shcwn schemat:.cally in !'i.g. 22. Eere . :‘m
” -?'add.xt:.cm to. I. fomt Ecc encod:.ng. the c1 code words are b‘ock E
. _.coded 29 w:.ll now .be br:.efly deacr:.bed. Let J.t be aaaumed that
the data symbols in a prel:um.nary Cc1l word constitute a c2 word
R (ae deeurlbed above) - Let it be aaaumed that t_he C2 words are
_presented in the sequence cz,. cz,. cza, etc. In I-‘:'.g. 22-."‘;'he
symboli rep:eaented by an open ‘circle are data aymbols inc..uded
~in the Cz word, the symbols represented by a fJ.lled-J.n c:.rcle
"-are dat'e symbols 1nc1uded in the Czu word, the aymbo].- .
---'represented by a tr:.angle are data. sym.bols :anluded in the Czu
| '.-wox:d. _tae symbols represented by a square are. data symbols
o ."-:.ncluded in the €2, word, and the symbols repre-ented by aa X
.'are data symbols included in the c2,, woxd. ‘since a block -s‘ode
cona::.sts of 144 CI code words, but each c1 code word :.ncludes
-_only 128 data symbole (:.nclud1ng c2' paz::.ty symbole) 1t fol. ows
" that one data symbol in the cl,, code word cannot be inelvdaed in
a _.the illustrated block and is expeoted to be :anluded in the next- :

' .__aons.uumu APP _ - _ 54
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Fuonit Curtim Kaeeis & Solfind ot fak (242) 40071 ‘romdata files which are pariil"élﬂg%
ré!é?a“‘h&"‘t%‘mrﬁrﬁ' WP e ¥ the optical disk is to be used

illustrates a still furt her exanple of the data configuration recorded on
“the optical dISk and i'llustrates the' OC regor~ 018, Jocat ed from sector

address 32 to sector address 63. ihf SEHEERGHTERES | fOI’ITB.tIO ded
in sectors.0 to 31 is reserved for crrputeREPM\%%Dt. hr e. p@ %

29 applicabl &to the conput er L-'n----—" e optical dis ~
used. Eagigwmgt gsoemodnaaa&ézpfbfwﬁ c&iuﬁ? APl S I T Muef&uﬁet on

I'n~the program area, such TOC infornationis segregated from
. -and, tbyﬁbohesnnat b]l.aéltréfreodetvbords €1,~Cl,,, 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,,
code wcxd. S:u!lllal‘ly, the last two data symbola of the 01m word
are - expected to fall w:.th:.n the next—follow:.ng block. but hecause
- of block coding. these two aymbols. identified as date aymbola -
i :126 and 127, are ‘folded back into the c1° and c1, code wordﬂ.
reapect;.vely. Stated generally. t:hose data symbola of a C' word
.'.Wh.'l.ch o*'herwz.ae would be' included in. the next-following bluck are
folded oack to. the beg:l.nm.ng of the :.llustrated block such that
'.each c1L code word 1ncluded in a block of 144 cl. code words
'J.ncludeaa :.nterleaved data symbola from 128 of the 144 €1 cide
.- word-. as. shown. o | ' :
~ Each block cons:.sts of 8 sectora. whereby a blocx. .
| inoludes more than 16K bytes. Error correct:.on can be cai r:.ed
| out on = block-by-block basis. | |
Fx.g. 23 :.a a schemat:.c representation of the blot:k
'codlng of S format Ecc encoded data.- 'The same pr:.nc:.ple that ia -
- -_.uaed for the’ blocl: cod:.ng of L format ECC encoded data, as )
 ‘discussed :.n conjunction w:l.th E'J.g. 22, ie epplicable to the bloclc |

: cod:.:_:g «f s fomat-.Ecc encoded data. _He_::e. however, each kElock ©
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.I l‘m&us o fuets  Jevsord UW%@@&@&M on the disk. Such file syRF¥ 17!'"_"
c&ﬂ?“%%er%’fg& tens of .sectors; and since th )

o |nf0rnat|on i,s recorded in a fixed nunber of sectors so as to occupy a

fixed TOC region, there is no |nterfer_,_ace,¢hy tﬁé"l‘m information with such-_._

file system dat a. -As. nent i-oned. above{ N ‘E‘HE"TE) L) ;_rred enbodi.men I’gi'r ; -
information i's recorded in 32 sector .f\‘geﬂﬁlﬂa&ﬁ -,_,&I::though4ggtwtgfsl 3

necessarlly, ieach. sector-is -conprise ytes and an exanple 0o h

_TOC i tf'bf of Eéi%ﬁp- %nkad eaglz@wﬁ S%Tadﬁublb&kt he E%b?%&a Tabl e

MENT SHEET 3
- of more than 8K bytes.

) ' The modulatloh technlque used to modulate the c1 code :
”_fwords for reoordxng on dch 100 (e.g.. the modulatiOn techrmque
";”used by modulator 140 of Flg- 1) noW'w1ll be descrlbed.-

| _ " One type of modulat;on is 8-to—14 modulatlon (EFY) .
.-whzoh ia. used as the standard in compact dxsos. and one example
of suoh EFM prooesszng 1s descrlbed in Japanese patent .
'Zapplioation 6-2655. In oonventlonal EFM, an B-blt byte is
"'-convertﬂd into a 14-hat symbol (the blts of the symbols are known
as 'channel" b:.te because they are suppl:.ed to the reoozd:.ug )
'm:ohannel and suooesslve symbola are separated by marg;n blt%.
t Heretofore three marg;n bits were.used, and these three b;ia were |
| 't'seleoten to assure that the Dlgltal Sum Value (DSV) acoumuJated
from suvoeas;ve symbola 15 reduced. EFM is a run length 1xm1ted
_(RLL) oode and. pteferably. the’ shortest run length perm;tted in
EFM. oonexsts of two oonsecutlve zaros whloh are spaoed betwﬂen |
. 18 and the. longest run length is llmlted to 10, wherein 10
:.ttconseoutxve zeros may be present batween 15. '
"If two margln blts are used rather than 3. the poaazble:'.
:_.._'_ccmb;".'na_t::ions of such margin bits are:s 00, 01, 10 and 11. Iu EFM,
"'é'maﬁgin.ﬁbit state 11 ie ..p@ibitgd.". uéngé, ‘only three difyerent '.
| ;;combinatﬁone of margin bits can be oaed to link (or aeparaté)
| sucoeas:ve symbols: 00, 01 and 10. :Bot,fdependihg uoon the bit
. at:eam of one or the other gymbols. wh:oh are linked by the uarg;n

mnnnmaw R 56
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. Fondo| ertis, Tarkis & SefforCot ML GZLA) MAPRr mat i on Fi eI d Name Byt es Disc |nfiir°hll-§brw 1-m

- 2@t TRoshiRtsn ot S IR o of &1
- Track I nformation (2-nd Track) ' ST . 32 Track

| nf or mati on (3-rd Track) 32 Track

~Information (N-th. Track) 32 Res |
© 63488- 32N TOTAL = %A%

. 65536 Frontthe f oregoi ng tabIe |t S appreC|ated that the f@@% q(ﬁ*%ﬁlon

1 ncl udgp, gneoagckor nled! 6t elebd ghgkih Il AL e

particula respec and up to sect rsin |ch track
'nfornﬁé&ﬂaaéseﬁoTabéetﬁé pfecluded state may result in an undes.rable

DSV, o _ |
| | F:g. 24 is a sehematic representat;on of a "string” of -
ﬂ,data sytbola separated by margln bite. Each data symbol lﬂ'
| comprls-d of 14 channel b;ts and- the margin blta are comprased of
L 2 channwl blts- Thus. margln bltl M, separate data aymbole D,

;and D,s . marg;n bzts mg separate data aymbols n5 and Dys. marg: | f
..-blts mglaeparate data aymbols D, and D,,- and go on, with marq;n -
b;ts M aeparat1ng data symbols D, and D, | Nevertheless. |
aaaumlnu that the 14 channel blts included in.a data symbol are
. provxded in 14 success:ve bzt cella and further as-umlng thut the

.'fmargln hzte are 1nc1uded in 2. auccesslve bit cells, succesasive
tdata transltlons ln the string. of channel bits depzcted-;n Flg.
;24 are: ﬂeparated hy no less than 2 data bit cells and by nu more
"than 10 data bit cells. |
| , .A str;ng of data symbols may include parlty symbcls.
tand F;gk 27 111uatrates a frame of such symbols beg;nn:ng w:th a.
 sync patte;n of-24 b;t cells. fbllowee by,lzldata.aymbola (zhown. t

as. 14=-bit symbols separated by 2 E:ha‘im_el bits), followed by 4

. parity-eymbols. fo;idwed.ny'lz data symbols apd ending with 4

i périty-éymbols."The-sync pettern'is illustfeted as a highUQignal

"vlevel extendlng for 11 bit cells follcwed by a low slgnal level B
'eztpndina for 1" hif oeIts. fal]nwad hv a h1gh aignal 1avs1

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

. sosaam/msiaer . . . 57
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E .recorded in the TOC region relates to

' - '95-@3-15 @1:13 SONY FOREIGN PATENT  ° +81354483063 - T-527 2.13/48 ' _
-' wmmm%%%%%es a reserved area for the ?&W% o
' e future. Inapractlcal :adapt a _
. _the optical disk of the present i nven 'm’“ﬂmgpmt on may be recorded
.in Ntracks where, for exanple, N=256. Théftgge .‘ ""‘f’orma»l on whi ch is

_ e daw ecor ded
'_correspondl ng'track, as will be descri®&&Tn conj uncti on W 45 -§|1
.-31 The data which constltutes the di sk information: recor ded | n _

”’.',-'-'-regl Onubédsh M!g' nziheﬁalbéﬂweﬁam ecw?o-ﬂﬂolzeax?gm bits which
| separate aucceslive deta symbols; and as ment:.oned above. in some
| J.natence_s, certain ones of _the three perm:.tted comb:.netlona of
'mergin bit‘s cennot 'be-used. F:.g. 28 schemet:.cally represerts 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 :narg:m b:.t comb:.nat:.on 10 cannot _
be used. As will descr:.bed a. signal known as the :.nh:.b:.t mrgln
| bit. s:.gnal M J.dent:l.fz.es the marg:.n bJ.t comb:.net:.on wh:.ch camnot
.be used, E‘or example. when Hm = 00. the merg:Ln bit comb:met:.on
': ) 00 cenmt 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
eombine'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 end ‘the number of zeros et ‘the termznat:.ng end
| of dete eymboll_ D,-:.s B. If A+ B is equal to or e:nceeds 8
- 'succe-ss:_'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 of data eymbol Dz L L
(A O) or. .'Lf the next most s:.gn:l.f:l.can’c bit 02 is "1" (A = 1) or
if the least sigm.f:.cant b:.t c14 of data symbol D, :Le =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

“1¢ (B = 0) or J.f the next least s:.gm.fment bit c13 is "1 (B =

'"__sou-ww:m s 5.‘?,'
g - . This Sheet Has Been Reﬂlace
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1 Reserved for Di sk Size
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- Poiom | Cntt 5 dhrnrati Soffordjnt: (B (2823 9§8-6712 - ' o

HB: ey Yosbikatsu alm Song'nt-mnmmmm L L E 35 o
: 1 Lead '

Qut Sector Address '3 Reserved for

- Multi Sessi on. Par arreters' ' . AN y,_,, !,,-:'- erved for Wl.tTabI e
Paraneters } § ' | =T ' .
1 Total vol une Nunber o ' 4501ﬂ0-fleaﬁ al og :

. Number ¢ t fi.cant bi t t Evegaf or

- Appli ca?| on 1 ff)fSFrle 9 s:.gm. * Cl °f da a 851'&&% ?et e i g :

. Engl Sﬂ(xeSQﬁﬂén.n bit comb:.nat:.on 10. is :.nh:l.b:.ted a8 leacapjy,anguage Country

.. Code - -~ 3 Length of" Disk T| tle in Local
Lan. ( N) S The forego:l.ng 3 coridxt:.ons are not mutually exclu sives-

_and from F:Lg. 28 it is seen that cond:.t:.ons may ex:.st wh:.cl"
; precludg. the marg:.n b:.t comb:.nat:.ons 01 and 10 (both marg:.. b:.t
.condlt:.cns are precluded if the most s:.gn:.f:.cant bit c1 of data
| symbol D, J.s"'i" or 1f the least s:.gnif:.cant bit c14 of data _
_.'..ymbol I:) 1.8 "1"). 'I'he number of z.nhib:Lt margJ.n bi'l: comb:.n ations
_ :l.a repreeented as m:. :I::E NI = 0, all three marg:.n bit _
'_ ccmb:.na‘ ions may be used. 1t NI = 1. one of the three marg.m bit
) jz-patternﬁ is precluded ‘and the other two may be used. - If N‘.‘( = 2.
'l:wo of the margin. bit pa‘l:terns are precluded but the third ie
_perm:.tttad. It w:l.ll be appreciated ‘that . NI never is three. '
B | 'L'urm.ng now to Fig. 25 there is lllustreted e i.ia-w _
. chart wlv:.ch represen‘l:a the manner 1n wh:.ch a marg:.n ‘bit '
| .. ccmb:.nai mn is selected for :.nsert::l.on by a marg:l.n bit gener"ator _
| -between two data symbola. At step 81, the inhibited merg:m b:l.t
. comb:.naf.:.ons are determined for each set of marg:l.n b:l.ts M., W,
: '- - M\‘ and the number of ;|.nh:|.b:|.ted marg:.n b:l.'l: r:.omb:l.n.-;d::|.<>n%1 NI,.,
_.___HI,. . s NI :I.ikewiee ie determ:uxed. It will be apprec:.a*'ed
:.thet M‘M; and NI for. each set of margin bits to be inserted '"
| . between data symbols may be determined from the conditions
'dep:n.cted in Fig. 28. . o ' "
: 'J.‘he flow charl: then advancesa tc :anu:.ry S2 which

. determires if the number of inhibited comblnat:.ons ‘for the wargin.

SCOS.MAR/D)LO3.APP . - S .59
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. Do ICuPEls: Merels 4 Salfurd lat EHRLE) #46-6712 T ' @ IGHE-955 t19:13
TRk mmtan Sy ot @ LRSS 1 No. of. ﬂmmm

=4 Reser ved

- Entry. _ S : X -
- -1947- N- TOTAL - : THIS SHE"T HAS BEEN _ 2048 :
The fiel ds which identify the dISk mforFrﬁ‘thP@rEDare scribed nore _

partlcul arly as follows: HD-CD I D

| contains a character string that identifi Ie:I ?.hecgg{ogl Zf?ug &%@iﬁ@c e"d on - -
TEPLATE PR 5 i Sl ed ! 4ol "l efod LHELY' Sablbile' S50
| step S3 and only ‘a 5:Lngle marg:m bit comb;nat:.on can be seiected. |
' Fcr ex&nple. :.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 tc 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: advances 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, :.f the numbez of J.th.b:l.ted combz.nat:.om' forl
~ the: leccnd margin b1t pattern is- 2, that is, if NI, = 2, then the
._ 'n-_th _.mgln_ bit patt.ern is construed as the (m + 1),th_margg,_;z bit
"-_'pa'ctern.!' ~ That is, if NI, = 2, ionlj one.margin- bit. comb:i.neff’i i’-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 respect:.ve margJ.n bit comblnat:l.cns wh:Lch'
| are not a.nhib:.ted. - | - |
3 | _ Thereafter.' in step 86, suzce the margin bit pa'l:t 2rns
: 'up to. M,, have ‘been selected. and s:mce ‘the data aymbols up ¥o D,
are known, the accumula.ted DSV up to D, is calculated. The DSV
) determ:med for this data symbol simply is added to the DSV which
R .haa beer accumulated from previous . data symbols. Then. in. kstep-

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

“&'ﬁﬁlﬁ.l-‘%!m S - o 6 etHasBeenReﬂlaoed

ST il
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" is as .shown'in Table 1 ‘the data str
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| T% g‘f %&Pﬁ“‘%‘” ‘%Z‘ sy, _used to represent track i nf & fetd95n16:49q
ar ORI xanpl e, if the character stringl@2of
"HD-CDOOL", the data structure T.ecor ded onthe dISk i s of thetype _ :
-'__| |1 ustrated in Fig. 4, the data strugttee—tsod-ta-rep resent TCC i nformatlon

| cmmsa-iﬁsedmscempr esent track

i nformatlon is as shown in Tables 2 nd 3 RERLACED dat a struchgég Tﬁg

“sectors of, for exanple, the user daEs=tracks=F5=a3 shown i £Pz3a98; o

bedes G e iR (%p%. aﬂi@z@wﬁ%&t&ch%ﬁzgﬁ ﬁﬁ BEY! tﬂh@d S&omﬁegﬁe?a“ er

cstring [err] “HD ne partic aract er

recardeg ive teticunfuleivdd. ﬁijgaeq lgymhag beprodum ng appar at us which
“permts proper interpretation of the played back data consistent with the
.. sensed data strudttumelllDkek appreciatied thayt etepbasadenswrexytbgghyae of-

'. dISk as, for exanple, a read only disk, a wite once read many (V\ORM)
'projected psvs and althou the margin bit pattern under

_consxderat:.on is marg:.n pattern Ml. the techn:\.que for Sej.fﬁc-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 representat:.on o:E the manner: in wh:.eh the projected st-.

R ..:I.B accu.nulated based upon "J.ook ahead“ data aymbols. Foxr
o .'_smpla.fz.catz.on. it is aasumed that m= 3, that data symbol& D, .

: _I)z and l:, are known, that the accumulated DSV up to data syrbol D, |
.ia l:nonm and that marg:.n b:Lt pettern H, is to be selected. : F:.g. |
'29A representa the 14-bit data symbol, whereln a "1lv is o
repreaented by a trans;t:.on end a | "0" is represented by no

trana:.t...on in the dig.i.tal s;gnal. '.l'he data aymbols shown in Fig.

| '.291L are the same data signals used :.n F:.gs. 293 and 29C. Fig. . '
.291\ rep:.eaents 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 _ |

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

are no :.nh:.b:.ted marg:Ln 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

B ) data aymbol is represented 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 data. symbol D,. marg:m b:Lt comb:.nat:.ons {1 and'

_msng‘n/gmm' D 6}-.
| ' eet Has Been Replaced -
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s s the witable optical disk kndﬁwﬁ?ﬁ&mp
W&%@?’ o) SP2t: This 1-byte field is used to i @ﬁt‘\'ﬁf‘
the si ze of the optlcal di sk ~For exanple, a disk dianeter of 120
.mllineters may be identified by —is " 1", a dISk whose

HASH IS 'fl i3
v

‘di-aneter is 80 millineters may be || 1*‘1“+%B*’6%B§Eby V\/nose val ye not
"-and so on. In addition or al ternatjl “vel y REFRACED o) ¢ 1y be %ﬂtlfy
t he storage capacity of the disk: 33 Lead Qut Sector Add |

- 3-byterpighd LiRBbitbas(bhe #L4! °58) hnd o] L 3L SEIRALLYY s&seheagoaut

| the bit atream of the traJ_l:Lng end of data symbol D, and the b:.t .-
- stream &.t the leadzl.ng end of data aymbol 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.lluatratea the accumulated DSV that :.a '.
"'Q_'-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) Lllustrates 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:.ne the accumulated DSV, the margin bz.t combination Gl _
L ahould be aelected for marg:.n bit pattern H; But, 1f the rargin
'._'bJ.t comi. 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 '!s:i.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 aelhcted -
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 2_11 is _det,erm:_.ne_d by _lcok:.n_g ahead by up to m data _
aymbols, .where..nl\_ = 4 Thus, the accumulated- st. up to .tne end of

"?ﬁivmmsg%egg S 6_3

This Sheet Has Been R a

S i

Received Time___ 15 Mar. 9:01___ ) Prlnt Time' '1'5._M_a:. 0:40



. »95-@3-15 . ; @1:17 = SONY FOREIGN PATENT  ° +81354483063 T—52“aa ’giB/#B S
F!EUEF'W& mg’ﬁﬁﬁm | e Paraneters: These two-fi sﬂ‘ﬁ .
o nﬁ'd"ﬂ‘ n whichis partlcul arly useful #ﬁ‘w‘] -
erasabl e disks or for WORM di sks andFrs=# crl bed herein. '

~ Vol une -Nunbers This 1-byte data fiel gral  di sks constltute .

-a collection of data for a particul g

exarrpl e |
col lection includes 2, 3, 4, etc. di SRS —tHrs d-idpntifig
those disks is the present disk. Total Vol urre: Nunber Thi s 1 |e

| Identlfaﬁe pygwoq #, DWNBg1ce]athaks Pihed Adiitep tie px I%I

whi ch sent dfsk is included. Catal og Number: Thi's 16-Dbyte fleld S
- used t Qupged Wilthe 32 Baceeseiive EytaantaatphaeéaﬁééhatccSeﬂesaéé?daﬁa the .
odi sk. ‘Such identification constitutes the "catal og. number" and :

. - these bytes are used to read out 14-b:|.t symbols from a con\*ersion

table 1!, stored as-a ROM. Successive 14-bit symbols are. ccupled
._ "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:exe; as
 ‘will be described. . | o
- o ; .' suooessive 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, register 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 wh:.c‘., '
...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 msrg:.n bit signal ik wh:.ch precludes certain msrg: 1 b:l.t
- ) ,. comb:.nai-a.ons from marg:.n bit pattern M,. The inhibit mergra. 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

‘posgmm/mesay L §34 -
LN i..,'-‘f_..‘ - ,-.}‘ o . -. . A
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Fre OBt a0 Weetls 3 SalRCEENZIZAB0MBe present |y used to |dent|fy var i@y [ ]
'Fﬁsgﬁshdmhhn5ﬂpp&ﬂtdﬂ@@ﬂﬂﬂﬂﬂﬂﬂﬂﬂéﬁﬂ$

. -identify the particular user application for this di
. this field is not used. Disk Title In T S0646;.-Zhi s 16-byte field _
 stores-the title of the disk in the En IT§ﬁ5$F"H@ge as represented b the ,
| S0646 st.andard. Al though the actual tilfl fil 4?? L

translatlon or@? dlng a

sk -medium- At present,

. SHEET- 34 be in anot her Ianguage its: Eh
fEngllSthdegéﬁihcgié th {oﬁléi ‘¥§’éﬂé thlrd b;t pesztzon

of Qmu ;nh;blts the margln b1t comblnatlon 00. . A8 an example.
| z;f only”the margln bxt comblnatlon 00 is a petmxtted marg;v bit
pattern. marg:.n bJ.t :l.nhlblt s:.gnal sim :_Ls repreaented as "110".-
_ o The output of reglater 17 is coupled to a frame syno
 ~_converter 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 perellel-toeee;ial reg;ster 19. Those
‘data. symbols D;- Dh.-; . -'“hich-are sopplied sucdessively to _.
'frame aYnc converter 18 are not mod;f;ed thezeby and are suppl;ed
- aB ls. that is, Ln their 14-b1t oonflguratlon. to the parallel—
d to-ser;al reglater._ Reg;ster 19 oonverte those bits whlch are ’
-supplled thereto in parallel to: ser1al output form. In add&tlon,
fefter a 14-b1t data symbol is serially read out of the reguater.
a 2-b1t margin pettern produced hy a margin bmt generator 50 is
eserzallv read out of the register. Parallel-to-serlal reguater
,;19 ia ceocked'wzth a ohannel bit clock hav;ng a frequenoy of |
24. 4314 ME: auoh that the ser1a1 bit output rate of regzstex 19
d.ls 24. 4314 Mbps._ These serlal bits are modulated by an NRZI
'd_modulator 20 and coupled to an output 21 for :ooordlng.
The modulated NRZI serial bzts also are fed back to a
ZZEest_lntegrator 40 whloh Lntegrates the Dc component of such
::_serlal bits. The st 1ntegrator thus accumulates the DSV o the.

‘data symbols and margxn b;t patterns."

:g?'!'m’.“',‘?"‘” - S ' This Sheet Has BeenRT
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sCuplis, ”%ﬂ‘ L (17) f90:f ‘he field my contain a Iesse?@?ﬁ'grﬂtz

m@r ﬁ%ﬁ@g t, B BRI AT AR English titles of |esser gr Gﬁ
length. Laocal -Language.. Country Codé: Thi ) =i ntended-to _
Cidentify the actual 1anguage of the titl{eTHfS $HEtidiisk REFDr- exanple, if the
actual title of the disk is in Japanese,|| t hi sFEFeRE! r‘fq_q_c_)rds the "
-l anguage- country" as Japan. If the titl TErench, this j5§ ‘gﬁﬁéggds :
. the "local Ianguage country” as .France. The cade recorded in thrs fle d may.
- exhibit -a numeri Sﬁk}g!%' B&tcaéhéiﬁeaﬂ' 50 fﬁnétﬂéﬁé' £hl gé Gfdﬁ‘ﬁéél ¥ith
o alternatlvely, t he el'd may be as prescribed by the I803166 standard 11
it is ¢agl Fldwieha® whowhZént Rig.f 25! to. éhﬂeeﬁatﬁétéllbeﬁifi@ﬂ recor ded

therein may be OXFFFFFF. Length of Disk Title in Lo Language: This -
-1- byte:.fLEl.abttl:ra&edt biyi thethaveﬁobna of !J;rqes 29a+29De uckdisn the "Disk

apprec:.ated. then. that the marg:.n bit- generator 50 may be a
d:LgJ.tal s:.gnal processor. an’ ar:r.thmet:l.c log:l.o unJ.t or a - . '
m:.eroproceasor programmed :Ln aoeordanee w:.th the flow chari of
'-Flg. 25. 'I'hus. the appropr:.ate marg:.n bit. comb:.na‘t::.on :Ls
: aelected in order to mm:.m:l.:e the aocumulated DSV w:.ll obtm.n as
) :_ _a res_u],f' of m subsequent data aymbols.. |
L . The forego:l.ng has deaor:l.bed an EFM techn:l.que in wh:.ch a
marg:.n b:.t pattern is :mserted between suoceas:we 14-b:.t dsd:a
lymbolaa;n As a reaul'l:, each B-b:.t byt:e is converted J.nto a 14-b1t.
data ayrrbol plue a 2-b:ul: marg:n.n pattem. A preferred emboc. 'r.ment
" of an 8 to-16 modulator ‘which eluu.natea .the generation of marg:.n-
:.b:._'l: patterns, -wh;.ch m:._n:.m:.ses th_e.,ac_cumul_ated- Dsv and-wh:l_.ohj__ is . .
.oons'l':.rai.'neld to run 1én.gth-_limitéd (2, 10) code now will be. |
..descri.bed.. Referrihg to Fig. 30, a plurality of 'fundamen‘aal'- :
convers:.on tables are prov:.ded. for example. four convers:.c n
' tables .[1. T,» Ty and T,.. Each :Eundamental table is compr:.scd of
' .two sepa-u:ate tables. J.dentxf:.ed by the subscripts a and b, one o:E
~ which convert:s an B-ba.t byte into a 16-b:|.1: symbol hav:mg pcm.'l::.ve
_. ':DSV and the other converting the same - S-ba.t byte into a 16-bit
. symbol }av:.ng negat:.ve DSV. | '
_ _ 'I.‘he tables are categor:.:ed a8 followa. if the 1asi- ‘bit
of the .x.med:.ately preced:.ng 16-b:.t symbol ends as a "1" oxr :.f |

5095 mnm.np _ ' o - 65
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: iy Noerim] Safd t 0_be descrl bed) to represent tﬁbﬁtﬁﬁ&@lm
'th’@ - Spshikptay bym = I”ﬁa&ﬂm‘?he actual disk title is not recdBdthoef et
oal anguage ot her than English, the-"Disk Title In Local Language" field is
~-left btank and the numnerical val ue of this "Length O Disk Title In. Local,
.Language” field is 0. Disk Title |n Local lLanguage:.-This N-byte field _
represents the actual title of th lﬁk Hdxrides hooal, | anguage. ISATENT
REPLACEMENT SHEET 35 It is” expect@d af; =0l f4e6 ent Ianguages 3\?”"‘ 66%?

AR

i ffer%@.e VBB it 87 EnLl s 5T GHE 84 P16°7%nd ke Fo-

- bit symbol is selected from table T, or table Tipe depend:.ng -upon

whether it is d.esirable that th:l.a next selected 16=bit syml‘ol
-exh:.b:.t a poa:.t:l.ve DSV (thua call:.ng for table '1'1‘) or. a net:;atn.ve
DSV (thua cell:l.ng for table -rn,).- ' '
| ' If the :Lmed:.ately preced:.ng 16-b:|.t symbol ends with-
: -.two three or :Eour succesa:.ve 0s, the next-follcm:.ng 16-bit _
aymbol is selected from e:.ther table T, (that is, from e:.ther _
. table TZa or table '1'3,) or from ‘table T, (that is, from table T,

o ._ or 'I:eble T_.,h).' _ |
| ‘ If ‘the :.mmedlately preeeding 16-b.1t symbol ende with .
a:l.x. .aefven or ea.ght luccesa:.ve 0s, the next-followmg 16-b1t‘ '

.' s_ymbol L8 selected from table T °
- The’ f:l.rst 16-b:.t symbol that :.a generated munedu t;ely
'follow:.wg a frame sync pattern is selected from table T,.
' The 16-bit symbols produced from tables T, and T,
d:.ffer from each other in the follow:.ng unportant reapects. all
16-b:|.t symbols read from table T, :.nclude a "0* as the .f:l.re 3 bit
and a mgw- as the th:.rteenth bit. | |
ALl 16-bit eymbols read from table &, include a *." as
the firet or thz.rteenth b:.t or a “1" as both the first end
thirteenth bit. e
In the B-to-lﬁ convera;on echeme used w:.th the presem:.

':.nvent:u,n. it is poss:.ble that ‘the very same 16-bit symbol may be .

. generated in response to two different 8=bit bytes. I-Ioweve-i.

Lo Gt - .66
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ﬂh&&?ﬁm % W the data recorded in this ﬁ?ﬂ"é‘ﬁl;"?g
appredia ea. e nunper ytes which constitute this field is
vari able. First Track Nunber:- This 1-byte fi eI d identifies the nunber of -
‘the track which constitutes the first tm user |nforrrat|on
For exanple, if the TOC information-is remsrsi&ctn MARBSENG) € track. i f
this single track is identified as tragk O i REPhAa‘Jﬁbogram argsolégegl
* nunber of the track which constitutes tfe—Frrst—Track Nunber urrb er
- of Tr agdhelthee L6-Biits wie reptedentativei 68 bhe betg NBpted LHSCr
tracks that are recorde It is appreciated that if thlislefaleel d %gn:tl'gl ns a
-'S|nglephpumsed mmhenmenmhfaa&ouiag d&-bitr agmbolt Dat prédudédCitomht&ble
-.cont.ai n-user information, ‘be recorded. The data recorded in the track
i nfor rrﬁ’hf quhe; eqagswben the 1 -bit symbol 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 is produeed.
.'dlscrmnatlon between the. two bytes which.,. nevertheless. are.
- '_..eonverted into ‘the same 16-bit symbol may be readily achleved. |
| i For example, let it be assumed that en 8-bit byha
'_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
| "repreaenta 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. havzng the value 20., But. when the next—fol Low:.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:-fcllow:.ng 16-b:|.t symbol is from table

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

Mﬁgm{susmp C 6'[

This Sheet Has Been Replaced

Received Tine 15 Mar, 0:01. _'._._._'Print Time___15.Mar 0:40



. 95-g3-15 ‘81:28  SONY FUREIGN PATENT 4 +81354483963 T—szrfe », 23748
L j |1 be described in conjunct W -
:, f&lmm g"“t "SHEET Table 3 Track Information. F % :
- _ ' Byte(s) Track Number . o
1 ECC Type = _ 1 Speed

CSetting - "—u;gﬁ\\ 1 Start: ‘gé
3 End SA - I L - Rk ADED il
- 'Code at Start;:Point - o : L_~ i e 445010 ﬁ@

“and thn.rteerrl:h bits of the next-follom.ng symbol. as d:.scussed
'_ _ above. .
| | T_abie T, (for _e'xampie_._ -i:able T,.) includes 16-bit
_'syml':ols i:hmv':i.:ig- a DSV which increa_'ses.- in t_he_ posifive direction.
| _Com;'ersely. the -.1_6_4;,it sjmbols which are stored in ‘table T, have
~ a DSV wh:l.oh :'Lno'reases-‘ :.n the negat-i've.: t_iirection.' ‘As an example,
if the value of an 8-bit byte ia less than 64, this byte is |
.converted into a 16—b:.t symbol hav:.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 symbol hav:.ng a small DSV. Those
16=bit symbols wh:.ch are stored 1n table T, have pos:.t:we D.N and '
| 'those 16-bit symbols which are stored in table Ty have negat:l.ve
DSV. Thkus, an :mput byte :Ls oonverted into a 16-bit ‘symbol,
having.pos;tive or .-x;egat;ve.'DSV, depend;l.ng: upon which tab]_.q :_.s ,
, seleci:ed for conversiorx.- and the value of the 'DSV is large or
B .- small. r&epend:.ng upon t:he value of the J.nput byte that :Ls |
oonverte-d. o | '_
o '.'I.'he tables '1‘1.. Tn,e v v o Tos '.I.‘“ in Fig, 30 may be: N
oonstruo'&.ed as. nous 62-69. an 1npu1: to be converted J.s supplied
from an :mput 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 resd".
'. out therefrom the 16-b11: symbol whlch corresponds to the input '
byl:e resd out’ therefrom. As shown. selector switch 71

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

qgas.mlazsam T - -
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- PFrawyti QuegisT iforeis & Safford at @ (212) 019-0712 _ o ' 43 \¥o-a3-95 |m Ap -
Daffe e, Yoshigatsu G - Wit.mmmmmm .. . 7 Reserved for ‘D@80l &1
AppllcatlonIDStrlngs. : . O'”Z“‘L
32 The infornmation recorded in each g‘gesq;g@lm BEEN constltut_e t he
“ track_ information of Table 3 now wil T:)e dessratEn in eater detail. Track
~Number: This 1-byte field identifies rack raprm by
this track information. .Since one byte is used. to |dent|fy t

~nunb K be
Tetor xkby i 8L C6h GEColl Byt B 4L Hn B el TS TR 00 ve
- track, gafledei w@yteaﬁﬁemmé 1@" shrafgoidont i £hedn a%lgg 23 Gg L r ack |

nunber . Al'though Tt 1s preferred tflat the succ®ssive tT ar e humber ed:
; sequentmitqh ?S.alsﬁitéhawr@éllé&ﬁiréi}ﬁtcodﬁl#%d&‘e T,, or table T,

"to 1npu+ x3 of BWltch 75, watch 74 selecthely couples taole
P, OF table Ty to 1nput x4 of sw1tch 75. Output switch 75
”_selectxvely couples one of 1ts 1nputs xl-x4 to an output terﬁ;nal p

78 undex the control of a table selector 76. Selector sw;tches_

o 71—74 select e;ther table T, or table Ty under the contrcl of a
-'::st calvulator 77.: The 16-bit symbol which ult;mately is

,suppllen to output 78 alsoc lB 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 determlne
‘whether .Eundamental table Tie Tyr Ty 0r 'I" should be selecteu.- in
-e;accordance with the table selectlng cond;tzons dlscussed above.

g 'It is appreclated that the table selector thua controls lWl.ch 75

- to select the 16=bit eymbol read from the proper fundamentel

| table.: For example. if it 15 assumed that the 16-b1t symbo;
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 1nput x4 to. the output termlnal such that the next-

'l,follow1rq 16=bit symbol is read from fundamental table T, DSV

| calculatcr 77 calculates the accumulated DSV, which zs.updu}ed 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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- Rl CoRE)/MikiFis I-iatlurd 3 @b 6242) 618 B2< nay be assi gned a random nunber@Ad3-95i1e:26 g
_ -r&ﬁ@ﬂ!ﬁhﬂﬂﬂlsﬁw&ﬂlwmm% Track Number" field. ECC Type: TAS# of 851
"~ 1-byte data identifies the error correction code which is used to encode -
~ the user data recorded in this tra T-Eor exaqgkekah ECC type may be
either long distance error correcti ﬁ co k R as lhe L format,_or short
di stance ‘error correction code, knows-as: Lhe;S- The d eﬁ§

between the L format and the S format. i s descri bed belom/ Sﬁgg% Ji %

Th's 1c8¥t§cfgtgelgseorfﬁﬁftcﬂgadﬁiav4 to couple the outpute from their

reapectlve tables Tb.' conversely, if the accumulated DSV ia

‘calculated. to. increase in the negative directicn. selector
.sw1tches 71-74 are controlled by the DSV calculator to couple the
" outputs from 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 |
._i16-b1t mjmbcl hav1ng a positive st. and the particular takle .
Iifrcm whvﬂh thlB next 16-b1t eymbol is read is determined by table'
_ :.selector 76. Thus. the accumulated DSV is seen to approach and
E:foacillaiw about 0. o | _
..: R an exampae of a 16-tc-8 bit converter. that is, &

_ demodulator ccmpatible with the. 8-t0—16 bit modulator of Fiz. 30,
is illuatreted in Fig. 31. Here. tables are ueed to carry .sut an
inverae?ccnversion,fron'ls—bit-symbclc'to 8=bit bytes and ﬁach .

iitebleelére identified-as_tablee IT,. IT,. IT, and IT,. These .
."tables 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
.lsymbols. one having ' pOSLtive st and the other exhibiting
negative DSV. Alternatively. if the ls—blt_aymbol is ueed_ae e
iread.adareaa._each Benit”bgte:etored in:eltable may.have'two read
"}addreaaes. étated otherwise. each'a-bit'nyte.may be.etcreQ’in
_ two aeparate read addreee locations. |
An- 1nput terminal 81 is- Bupp112d w;th a 16-b1t symbol.
| and this symbcl is stored tempcrarily in a’ register 82 end-then

'.ms.m/axna,m S o -._-.70
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~ that the data.transfer rate. need n it be__
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| | ORI Caedy, Moredsck Saffordfat &h (262)t048-67¢2 r ecovered fromthis track. For e@mj-ﬁ 138:24 n

1 86:diee Raskeikatenttao + Som atf B B4010WV11PIIETAI \Vbps, the " Speed Setting" fieldD6e2uf et

or 2.x the reference .
te. Fig. 8:is a

exhi bit .a val ue representing .1 x thls ref.erel

PEPBIEEN

. tabul ar. representation of this "Spaet'§

: It|pIe of t
“reference-data transfer rate, as repréSented by the value ™ . t%Qe
value Q for this field

~ read- ofif4B ed. iR FngBP ?StiY%ﬁse ?°V§’5$$ﬁ #éﬁ%%gi th%nput jtegfa asp
 poselaRiLa: SXEBAE wildScer ks 10 RauRR EIRE MleitR P RAL
_glurrberi:of tﬁedrouﬂpiﬁbbf Eegibeefasaleseftﬁéw 1SrRe uspiliay 6ﬂcﬁiﬁér&]‘:§?t to
wzth the pmesently received ls—bzt symbol and the 1mmediate1y
- . preceding 16=bit symbol. Alternatlvely. table selector 83 may be '
} thought of as bexng supplled w1th the presently recelved 16-bit '
:t symbol (from the output of reglster 82) and the next-followlng
-.165h1t-symbol. The table selector is coupled to an output
melector switch 88 which couples to output term:.nal 89 either
convercxon tabla IT, or conwerszon table IT, or conversron table |
rImg or. conver81on table IT;._.

The manner ln.which table selector 83 operates now w111
be descrlbed. As ment;oned above. the flrst symbol that ie
_produced lmmedlately follow1ng the frame sync pattern is read

'--from converazon table P, in Flg- 30. Table selector 83 thue
loperaten to detect the frame sync pattern go as to control output '
;ewltch 88 to couple- table T, to output termlnal 89.

| If. as mentloned above. a 16-bit eymbol may repreaent |

 one or Lhe other of two dlfferent B-blt bytes. table selecter 83

i'aenaes whether the next-follow1ng 16~bit symbol, as suppllea .

‘:.thereto £rom input terminal 81, is from conversion table T, or

""converelon table Tye Thls determlnatlon ls made by examinlng tﬁe
;flrat and thirteenth. blts of such next-follow1ng 15-b;t aym:ol.
If the table selector nensee that the next-followlng 16-b11 “

.lu;_aymbol za from table T,, output switch 88 ia su:tebly controlled '

e
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RWM@ENMESWSBWM End Sector Addresses (5A): These®3H 10:24pm .
1 {los Mejs Yopkikaten €52~ Soat B SSRIEMOIMIIETS ( o1 ¢ sector of the track identi I'h6 of gt
* the "Track Nunber" field and the addressg=gt=the—end=3 or of that_track.
“Since the nunber. of sectors ingluded in astHEK 4> varNapl e, the start -and
- end sector addresses of a. glven track ‘are nSEPLAKER. . Hehce, t hese fields_
~are useful when carrying out ‘a high sﬁeed acce§§‘6per§T|on 3§¢3(
track. Tlne Code At Start Point: This 4-byte field identifi N ode -
for the,s %&éeeasf-%%@g e d S0 R0 Sl et ML b®! ¢

S B ppf ect at use
E symbol presently provided at the output of rega.ster 82 to ite -

proper g=bit byte. A slmilar operatlon is carrzed out wher table.-
d -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 lnro a 16-
| © bit symbol. whereas the pr;or art converts an 8-bit byte into a B
'5__14-b1t symbol and Lnserts three margzn blts between successmve |
.{ symbola. Consequently, since the.presentrrnventlon uses only_lsz
-bitsnin'its_bit stream~as_compared:to.the_prior art use of 17 |
:;bits,'the modulation'techhiéue of the present invention results
'azn an effect;ve reducticn 1n data of 16/17, or about 6%. |
| While the present 1nventlon is partrcularly applrcable
f to a cnunou on whlch computer data. v1deo data, a comblnatman of
ﬁv;deo and sndio data or computer flles may be recorded. thi
-1nvent1cn 1! part;oularly useful in recordlng and reproduci.ng
dlgltal vldeo dlscs (DVD) on whzch v:deo data and its aesoc.ated .
audioc data are recorded. Such data is ccmpressed in accordxnce
'w1th the HPEG standard. and when compressed video dats is
'recordeé on the drac. the aubcode lnformatzon zncluded in each
: sector header (Plg- 10) includes a subcode addrees having t'se
"'r'value 3 or the vslue 4 w1th the resultant lubcode fleld appdarlngd-
.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

- 1:117.2-.-2 (MPEG 1) or ISO 13818-2 (MPEG 2). Data that is rec:aded

emasengr T
W _. _ ' This Sheet Has Been Reiaced
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Wm;mnmmmesmzbmmwata such video data may be recon®l eH1345t 19:25 p
cmmmmmmw@mmmrt sector of the track which con{éessf 651
such vi-deo data is recorded in this " Ti-re—Code— At—=Start=—Rpint" field. If
time codes are not recorded with the u$eﬂﬂ&ﬁHEHﬁHA&mEEY | s field my be
| eft blank or may be provi ded with no data, BERWAGEDthe dharacter code-0.

- Playing Time: This 4-byte data represents tfié" overatf“praybagg} t PAEENSY the
progran1|nfornat|on that is- recorded i'n the track identifie# COnS193 ack

Nunber_fj.el d. E f { t hi k -

udio B me%édem%@#& et 3 #4408, SprReien HhRCC, | o “anout
10 i & é% £M%%%Wﬁ@Wf%%%ﬁ%me

_playlng I me may even up to ~m nutes ter

~Tine: gdbdode hare ﬁh@'l&ddi@&dﬁ‘d:eiﬂ Whidd the prievivusf :c peatues e the

- mast er . di sk-from which th
- : next—follow1ng I picture is recorded. ‘It 13 expected that an I

-:pacture (that is; an 1ntraframe encoded picture, as mentioned -
_previously) is recorded in two ©r more aectora. Of course., each
fsector lncludes a header. However. the distance data which is
.recorded in ‘the suboode field shown in Fig. 11D repreaents ‘he
| diatance to the lead. or firat aeotor in which the prev1cuu I
- picture or next-following I pioture is. recorded. If an I picture
"'i. ia recoxded partially in one sector and partially in another. the
. sector leader of the 'other' seotor includee 0 data to repiesent
the pre\Lous I distance and the next I diatance in Fig. 11r
;That lsy the prev1ous I diatance and the next I distance ans- Q.'
| If the aubcode address value is 4, the subcode field
.”appears 1] shown in Fig. '11E and, as mentioned above, the picture
'type;data~1nd1cates whether.the.vmdeo-data thet is recorded in |
~ comprestad form in'this-sector_ia_x. P or B picture data auﬁ'the
.:temyoral reference data indicatee-the location in the seqheﬁce of
- pictures in which this particular video picture is diaposed. The
i.sector in which an I, P or B pioture fert is recorded is
-referred to as an I, P or B sectcr, respectively. even if e1ch I,
Por B picture data is recorded in a. trailing portion of that '
sector, while_other-picture.data is recorded-in_e 1eading pgrtion

therect;

- s A DR L
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mucmwunsswmstmw 9 is a tabul ar representation of@#hils35f 1esTcm

| flo: dpstushiiatsu Oy Somy o @ ed by null .data represented by [2625af 81

- character code 0. Reserved For Application 1D Strings: This 8-byte field is

~intended to store information representative of the partlcular application

- for .which the data record in the track i i3 ﬁé s ~Fr ack Nunber" :
field is to be used. This differs: slight]yt mEER&AS iﬂN( el d
in Table 2.because the Table 2 fieldis lntend@d R¢) ?HQ¥§q%%i;

: appl i cation or catlon
- ID" field of Tab &'3 Y rrpn#? °é|)ggdn | es ﬁ?ﬁ%%’?%ﬁsegg}afgﬁg dat a :

_which in used. to supp_ly to J.npu‘l: terminal 121 of Fig. 1 MPEG

| ccmoresaed-videcldetel.;video'ihformation. suﬁplied ea.'for
.__ezample. analog lum;nance (Y) and coloxr dlfference (R~Y and B=-Y)
-,algnals ‘are dxgztlaed by an analog—to—dlgltal converter 101 and
,ccmpresued 1n accordance wlth the MPEG compreaalon system by
_v;deo compresslon clrcultry 102.' The ccmpresalon aystem may be
;consistent wzth the MPEG-1 standard (Iso 11172-2) or the MPEG-Z
c'standarﬂ (Iso 13818-2). The compressed vldeo data is’ stored in a
buffer nemory 103 from which it is Bupplled to a multlplexo: 107
for mnlt;plexlng Hlth other data (soon to be- descrlbed) Whluh
.fthen is input to anut termlnal 121 (Flg. 1). Infbrmatlonf.
related%to-the_compressed v1deo data ctorec in buffer hemorg”loa
lis cuﬁpﬁied.to cystemecontrcller lloy.this i@formetion beingr':
~ indicative of)'for'e:aﬁple; whether the compressedfvideo data o
~r'eorreapmndc to an I, P or B picture, the temporal sequence'uf_
'_dzaplay pccturea in thCh th:a compresaed v1deo plcture is
- located. tlme code representing the tlme of receipt or time of
| recordlng.of_the video data, etc. The information derived from
'.the-stored; compreesed video'data and supplied'to the syatem.
controller is used to generate aubcode xnformatlon that is |
rrecorded in the aector header. It is- recalled frcm Flg._i %hat'
'thls lnformatlon 15 supplled from eystem controller 110 to mector .
header encoder 129 for znsertion into . the sector header ©f the

: user data.

. Soss.AR/IS.NEP - 74 :
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T Frumy Chekds,i harris 3. “ that disk.  Referring nowto Fig. 10 junus e
~t hefoehri. Soshikates§ aﬁ!ﬂi T4 nodi ment of the data.structure.of a- -
sector of user:infornation. TOC |nfornat|on al orded in sectors,

and the structure of such TOC sect or |l owi ng Table 4
‘identifies the fields of the sectors é%ﬂﬁfgégL ! 40 Tabl ePATENT! OF
Const.ruction Field Name =~~~ . = e(s) SeGBOLOGyB&QS

4 CRC : - - - _

T-52'? P. 38,48

Audzo s;gnale, ouch as. analog left-channel and: rlght- '
fchannel slgnals L and R are d;gltlzed by an analog-to-d;g;tal -
conver:er 104 and compreased in an analog data compreasion |
'fclrcuzt 105. Th;s compresalon clrcult may operate 1n accordance |
: w;th the adaptlve Tranaform Acouatic Codlng technlque (kncwn as

o AERAC) cons;stent w1th MPEG-I audzo compreaaion or MPEG-2 audlo
.lcompreaslon 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 supplied from '
.compreaalon c;rcuzt 105 to an audlo buffer memory 106 from which
it subaequently is coupled to a multlplexor 107 for multl'lexlng
.;w1th the compresaed v1deo data. Alternatlvely. 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 |
_sector header. o | o
| Addltmonal lnformatlon. 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 '_ B 75
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is, Morris & Saffurd ot @ (212) G46-871C T | i
g@ tg;rnm song at @ 8450108701161354485769 o _ | 1 Ad GBélZS?S?f 83l
3 Nbde : : . : .
Sub- Header THxS QHEET HAS B EN “ ' 8 User Dat a
2048 EDC | ﬁ_“ff’_’f? VO B : PATHNT
Reserved - ' 4562@5£§f03

. 2088 It-is seen that a sector is conprlsed of .a sector header which 3
Contaln%1lﬂrb¥h&a.ahrdﬂ&aﬁlﬁﬁedneaemhmmldaﬁe andskeyndabaFand i@A, follomed

by 2,048 bytes of user data, 4-bytes of error detection code (EDC) and
- le- byteameuehaeﬁehyeseccm@reﬁsebaremtyult 2l2bwhich encodes thestitlee a
“"cluster" and as one exanple, a cluster is conprised of 8 sectors or 16
~sectorsdata in vartable run length cod;ng. The compressed title data is
' coupled multiplexor 107 for subsequent appllcatlon to the xnput '
| termlnal 121 shcwn in Flg- 1. S o . L - .,3
o Preferably, multlplexbr 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
'encodnd 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:hy;the playback.apparatus ahcwn in Flg._z. The input to_%he data
'reccvﬂzy.circuiteshcwn”in-fig. 33 is outpuf terminal 224 =»f Fig.
_ 2. Tﬁia'terminel is ccupled,ﬁo a demultiplexor 248'whicb: |
- .demultipiexee.the aforedescribed mnltiplered video, audic and
| titleldata ae well*es the adb—informafibn. The demultlpl'xor
=cpera*ea in accordance with . the MPEG—l or - MPEG-z standard, as ﬁay
d'he dezlred. to separate the compressed v1deo data. the cgmpressed
- audic data, the ccmpresaed t;tle data and the aub-lnfcrmatlcn.
'The c\mpreeaed videco data 1a stored in a buffer nemory 2{9 from
which ;t is expended 'in expansion c1rcu;t 250._proceesed in a

- pbst srocessor 256, for example, as may be needed to con:aal

| 8095, JAR /3103 APP . ' ‘ 76 _—
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" ak mm@rmm& rod format? A nore detailed explam ezbiur 651
of ﬁg ﬂﬂﬂh@ﬂ&ﬂf T STitute the sector shown in Fig. 10A now
will be provi ded. - 4 1 Sector Sync :

Wls formed of a .

predetermned bit pattern which is r .dnhgswEE$MWgBEmm1mhlch I s- uni que and
disti-nctive fromthe data pattern incjjuded REPEKQEﬂHFEH field of pxEFENDr.
- The accurate detection of the sync pa Frmed se5G10Q-319rs
whi ch are |nterpretated fromthe information reproduced fromthe sector. If

- a large puapgr Q’iade%@hﬁvﬁi-i%eﬂehs&keﬁncsﬁmﬁgafdmn by d'BaSwfthm emmahugl

: convarher 251.' Expanslon circuit 250 operates in accordance wmth

the MPEG—I or MPEG-z standard such that the or191na1 video
znformntlon is recovered. ' | o
Post’ processor 256 also ls adapted to superlmpose
oraphlﬂal t;tle 1nformat;on on the recovered vzdeo data, mE will
..~be described below, such that the recovered title data msy be |
ultabxy 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
l'expans;on czrcult 253 and reconverted to analog form by dngltal- .
t to—analog convertor 254. Expansion clrcult 253 operates in |
. accordance Wlth the MPEG—I or MPEG-2 or mlnx disc standarﬂ. as
| may be: des;red.- If the audico data that is recoxded on diae 100
'-has nct been compressed. expanslon clrcult 253 may be om,tted or
bypassad. | | | |
Ag deplcted in Fig. 33. the sub-;nformatron separated
by demultrplexor 248 is suppl;ed as a dlrect output s;gnaL.
.conslstent wuth the repmesentat;on shown 1n Fig. 32 wherezn such
"-sublnformatlon is not processed prior to being supplied o
-multzplexor 107 and no processing subsequent to demultxplexor 248
jls illustrated., '._ | _
The separated t;tle data 1s applxed to title buffer_
remoxry 233 from demnltmplexor 248 from which the title data is

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

"soos.mmsa 2P . 77

| '.' ThlsSheetHasBee ﬁ

HIIIIH Mt

Réceivgd”Time",;_;IB.Mar; O:UI,W; —Print Txme__.n 15 Ma* 0:38



. *95-03~ 15 1 @1:28 - SONY FOREIGN PATENT 4 +81354483063 | T-527. ', 33/48

t hro: {Cuedis M‘ %Wﬁw“curat ely sensed. Alternatively, (oo efest
.preé‘f ‘P ?} or I's used to convert. 16- bi t synbols to =~
8-bit bytes (or nore generally, to convert an mbit. synbol to an n-bit :
byt e) - may i nclude suitable c ch are not operable to.
convert the sync pattern to ﬁmgewiETﬁﬁﬁs ﬁ% attern is assunmed tPARENT
present when the denodul ator Wi s unaBPer¥%Pf ind tan n- bt byt e WBa100=-3193
corresponds to .a received m t'i t=sy#por. Cyclic Redundancy Code (CRCO): This
 2-byte figl gheSoperhttent efncokpresibioncoitetuit 1112 c(Rig er3dbsi (Trat dBa
‘and the sector address and node data included in the sector header, Such
.CRC dat adegcdeed260 mayrearrgroutsanhanvﬁayeb%aﬁiihkgnlﬁngﬁhu93994

_‘Subcode: This .5-byte field i's described belp LT e& Posi ti.on: ThIS
. 1-byte fcpﬁtat&enb|fwgg @ggoded t;tle data 13 ‘aupplied to post prucegsor

256 for superposltzon ‘onto the v1deo 1nfbrmatlon that has been

'~ played back from the optical dzac.-'
| ' Demultzplexor 248 monltors the remalnlng capac;t;es of
- buffer memories 249, 252 and 233 tc.aense.when theae memor;es are
frelatlvely empty or fllled. The. purpose of monitoring tha |
c-remalnlng capacities of the buffer memories’ 13 to assure that
' data overflow therein does not occur.
System controller 230 and user lnterface 231 of Fig. 33
;are the same as syatem controller 230 .and user interface 231 in
'Fzg. 2. | ' |
| The present 1nventlon flnds part;cular appllcatxon with
"fﬁ__a dlgltal v;deo d;ak (DVD) wherezn the user Lnformatlon recorded
“in the program area shown Ln. for example. F;ga. 1-7, includes
- video and audzo as well as f;le data. the latter being uaeful for
.ccmputer eppl;cat;ona. Fig. 34 is a_schematlc_represen.atzon of
ia general fcrm-of an optical disk that can;be used both as a DVD
and as a CD-ﬁOM. with the video data being'recorded as "chapters®
:and. in. the preferred embod;ment. each chapter be;ng recc:rded in |
‘a resnectzve track. In addztzon to the usual. Toc inform:.tion,
the ept;cal disk schematzcally represented in Flgs. 34 is
provided with an applxcat;on TOC reglon dlsposed in the program -

-area and conta;nlng appllcatzon table of contents (ATOC)

';-soos.nmm-m | L -"7&
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s UIV-eran _
W sl zieEseli ch this sector is |ocated. For L8 orwi
e cluSter i1s forned of a85ectors this field -~ REPLACEMENT

SHEET 42 identifies the particular sector as_the first, second, third, etc.

sector-

address for this sect_or. Sin
maxi nrum of 64K sect.ors theor

in the cluster. Addre Qytg;eg I'd constitutes the un| ue

T"f'%e“’_addr*e ted -
ot i cal'iy’ ﬁwsi%g%gzen;gsasﬂs ?&B‘r%&%ﬁt

the sector addresses of différent user data tracks. Mode and Sub- Header
: ,‘These flieifdmajﬁoepmm relatiep to the recorded chapters of video data.’

' As ment:l.oned above. the v:.deo data is recorded as, for

| example, ma-compressed v:.deo data; and at the present cm. two
.. d:l.fferent MPEG formsts are used to compress video data, namely
'.MPEG-'.I and MPEG-Z techn:.ques. : It is not unreesonable to «expect
that et:.ll further vzdeo compressxon techn:l.ques will be adopted:

and such -add:.t:.onal techm.ques may be :Ldent:.f:.ed as MPEG-3, MPEG-

. 4, ete. Likewise'.' 'the. audio data which. accompanies video

- -_.'programm:.ng may be compressed in accordance with the MPEG 1l or

.MPEG-2 formatss and ‘here too.- :|.t J.s reasonable to. expect that

- st:.ll further aud:l.o compress:.on techn:.ques will be developed. As

_. w:.ll be descr:.bed below. the aTOC :.nformat:.on ;.dent:.f:.es

- predeterm:.ned parameters of the MPEG—compressed v:.deo daf's-. and

'.'the compressed aud:l.o data recorded :m the respect:ure chap...ers:

- and such ATOC :Ln:Eormat:.on accomodates the poasibility tl'at the
.aud:.o data need not be compressed but simply may be PCM-tmcoded.

| As used herein, the express:Lon "compressed audio data"™ ia-

:Lntended to refer to audio data that has been either compr ‘essed

:Ln accordance w:.th an MPEG (or other developed) format o:r audio

data Fhat s:.mply is Pcn—encoded.

From Fn.g. 32. it J.s seen that the user :.nformat ion

' recorded on the disk and. thus. the user ln.formatlon reccrded in

- respect:.ve chapters. :l.s multiplemed from a stream of video data.

sjqos.m{m:.m - 79

& stream of aud:l.o data and a. stream of 'l::l.tle information, A

_ chepter may conta:.n compressed v:.deo ‘data only or a com .a_at-ion

" This Sheet Has Been Reilaced
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. %ﬂ mﬁb E._em £2mesEsxs cd here is the same as that lﬂmotm
"conven lonal'l'y ‘used i'n such CD-ROVs. User Data: 2,048 bytes-of information
are recorded in the user data fiel d For - exanpl e, conput er data, conpressed
video data, audio data and ] prded. |f video data is
recorded, the MPEG standard NBYISIREES 'i%“‘&'g npress that data, as JBAERNDBed
in standard | S01381-1. Errol| Det cBEPLACEddes This 4-byte data 430L9Q+3193
code which is added by EDC (Fig.-1) and is used_ o enable the
det ect i onfomudmmdemreseeﬂoﬂdﬁ% n@dsse%ream audto s‘éﬂ‘é%at?’&a?l y
“illustrates another enbodinent of a sector header, gi‘fﬁone cont ai n

- 20- bKt efs GOrWé-WTé-PﬁFs@f mudtipdeRed . coNPrERef aﬁi‘-ﬁ’eﬁf SRPEr e m lar
| EJ(r)mtecgssléﬁ‘?q;uo eadrih CaF)raRatRon. 10 cMle HiFormbtiGiCactudi b

' :.dent:a,fy. for each chapter. 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 1ncludea data whieh
idéntiﬁies:egch-ehaptgr'by,,for,éxample, fhe ngmé of that ch;ptér"
 (whic§.mayube assigned by the-manufacﬁuter,of ﬁhe diek to |
gideﬁtify-different video.programé), the-iocationa of the
 respeut1ve chapters (that 18, the tracks in which the chapters |
 .are rﬂcorded) and the category of the programmzng 1nc1udﬁd in
that 'hapter (for example. the v:deo program may be a movie, a 
;muaxc 71deo. so—cg;led 'karaoke'..a sport video, a drama, etc,);il
st111 £u£ther. since fhe videohdata recorded irn a
' chaﬁter is-éésuméd to be compreaﬁed'in adcérdance-with gr-MPEé
"_forma?. further infozmation-réléting to_MPEG-cémpreﬁaed pictures

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

ST format--may _cq;hp:ess--v-i.deo.wpictures-rso. ‘as t_b produce intri freme: ------—-
'éos,;.yyé‘gm.m S 8Q \\
' ' R This Sheet H

/mmmwd

Re__c-'ei'ved T_ime'___.___'_l5. Mar,' 0:01___...M.Print Time—-wl.S. Ma. 0:38—



'95-83-15 @1:38 SONY FOREIGN PATENT +81354483963 T;-52'? 3 36/48

field nowis provided in conjunc @@u;@n
vm t h“Ff‘(f;s!“ﬂ%%' Wﬁ%%m 4 3 that the sub-code field |? S

'conprised of two" portions: a

1- byt e address portion and a 4-byte data

"portion. The value of the address portion-seryes to identify the type of

"data that is recorded in the

qab p@tthﬂﬁfﬁfFDr exanpl e, and as shopAmENT

Fig. 11A, if the value of thg: address ;partion i's 0, null or zem@od@ba31ps

recorded in the data portioni=

-if*the-va1ue'of the address portion is 1, .as

shown in fﬁ&déiﬁpléé\ﬁ:éiaiﬁ@(&ﬁ igedivtivalylehcsded piotiokl datay sbyt e

|nfornat|on

ment;cned above., Because of the part;cular characterzatmca of

such Jntraframe encoded pzcture data. a video picture of

- reasonably good qualzty can be- readlly recovered therefrcowm; and

the locsations of-such 'I-pzctures?_recorded-zn each chapwer are

didentified in the ATOC information. Such I—pzcture locatrona ‘are

: know fﬂ 'entry poxnta“: and the entry po;nt data included in the

'amoc &nformat;on may be used to rap;dly accees and dlsplaj

repreaentat;ve chapter p;ctures so as to perm;t a user tc play

=back & desired chapter or portlon thereof.

In Flg- 34, the appl;catlon moc reglon is illustrated

S as be»ng recordad in’ the f;rst track of the program area. but it

'wxll e apprec;ated

that any predetermlned track . in the’ grogram _

,;area can be: assigned to thzs region. Flg. 34 also 111usirates

:  the recording of each chapter in a single track. but it is

'tcontemplated that a

chapter may be recorded in a plurallfv of

__trackﬂ. Praferably. hcwever. not more than one chapter is

recorﬁed in a given

track. Also, for ccnvenlence. the chapters

_ are shown to be recorded-in'sequence (that is, if only ocne

chapter is recorded

in-one-track;_each.track contains the next-

higher chapter hnmber). but such'Sequential recordihg of chapters

- ie not'neceasary.. Of courae. it is 1mportant that each chapter

“be un;quely 1dent1f1ed. and lt is helpful if there is a dmract

'correspondence (e.g.. one-to—one) between a part;cular chapter -

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

© 8095 MAB axoa.a;r '
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Trmkwmbmurﬁﬂhﬂdt@ 41 the number of the track in \A,hlch'tm,"gl
;sec!@hc’bﬂ!‘&iﬂ!ﬂg‘m@% a8 TS Yecorded. Cocyrighted: This byte o
exhibits the structure shown in Fig. S12 Wwherein a "1" bit represents that
~copying of the associated ted and a "0" bit indicates .
that copying of the associ df aghslataeT slr«jp@rEr%‘*‘tted The bit positi opareiyyt he
copyr.ight byte i dentify the type\ﬂﬁ:uéé¢ data for which copyi m$03190-3193
sel ectively prohlblted or BE-AETShown i n. Fig. 12, the identified
~user .dat g i3 28 Mk dfgﬂﬂa* a@é@émwew&cwaﬁww \byd e adating

”dlgltal au g%a an |ke For exanple, if the user data in this
sector 139 &i.éﬁ' £81 OeRe Upa Rt DIl ad ek non ofh idkatthdityichaiptenid® dat a i s
prohlblt the copyright byte fmy appear as "00100000". Application 1D

" Thi s i ndreebededhandathenusaanaing  that diradk aiides dﬁ°=f @%MH&{H‘Q ief

. |s recorded in'this :
: - the chapter or for any desired entry po;nt therein.

It should be noted here that when the user 1nformat10n
'1a recorded as chapters of MPEG-compresaed vzdeo data and -
B compreaaed 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 aector header may 1nc1ude the informat;on '
d_dlscuaaed'above in conjunctlon w1th Flgs. IIC-llE..
| Fxg..35 represents the. appllcatlon TOC region and
'e'prcvxdes a preferred embodlment of the structure of the ATOC
l_1nformatzon recorded therezn. Such data structure is couprised
iof the follcw;ng 111ustrat1ve aress: |
| " a disk Lnformatlon area. which contaxns data that is
useful for the entire disk and not simply- for a partlcurar
chaptert | |
aeverallp chapter infcrmatien'areas. with each auch_
”_area' entaining-infermatioh relating only to'ita ccrreaprnding_,
chapt-r. as. will be deacr;bed in greater detail below. tbe
'chapter lnformatlon aasoc;ated with -each chapter 1dent1fy1ng
predeterm;ned parameters of the MPEG-compreased video data and
'~ _ the cumpresaed aud;o data recorded in that chapter.
an area 1n which all of the poaslble names of the

'different chapters are.recordeds'

—_—
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SMWM%&%%%W ons are shown in Fig. 13 as . [e3ef 65t
_REPE%@E mput er text, video, video/audio, etc. |If no data is
recorded in this sector t he appllcatlon | D byte may be represented as the .
character 0. ECC Type: Th|s data i at-eswivetheF-rhe user data is ECC
encoded in, for exanple, the L fornatpeyseker Sﬁ$5?ﬁﬁt‘ as shown i n BATENTIG.
ot her types of 'ECC codés may. be re esen@ed’ﬁyf@ther values 0f45030P-2393

“type byte. 1f the value of the sub- FESS 15 2, as represented in
'_Fig. 11C, the dataaﬁogfégnwngahesdgm31f1enealikpf the aforamentloned

-'streams' of data that conatltute the user Lnformatlon in the
:-chaptez3 and o
| 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.all-ef the aforementloned areas is less than the recordlng
.f'capaclty of a data track: and the excess capac;ty of that track
.!18 reserved for future use. The number of bytes which couetztute
- 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 greater _'
: detal; in Fig. 36. The fleldB wh;ch 1dent1fy the disk .
1'xn£ormatzon are deacrxbed more partlcularly as follows.
'!QE_Iﬂlﬂiiiians Thise fzeld. comprised of 8 byt&s.
'.contains:a.eheraéter str1ng_that.1dent1f1es.the data gtrmctu;e
*'usedito';epreéent.the_amoc'informafion, This'TOC-identi@;er.'
.when detected by the-controllef_in the DVD player permits the
.1 p1aybhck operation-te be cqmpatible with the format in which the
_.Améc information and the cha§ter information are recordei. For
exaﬁple; if_the character string of the TOC identifier is. |
--AMT6c001f, the data.sﬁructure.of the AmocFinformation'and_the
“data ﬁtructure of the.usetfinformation recorded in each ﬁhapter.

" are as shown in Figs. 35-44.

Rl ity S N
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_'ﬁ-Thm:@ﬂiSag 8&? WWH‘HS sector -is variable over ti OW.GSI- -
_moul eo data, the time code data recorded -

.in the sub-code field represents ti Eh
.- recorded. An-exanple of such time odﬂ@&ﬁﬁEETHﬁﬁBpEM% nted in Fig.

ich the user data is

14. It

“is appreciated that 2-digit. BCD bitjs ar cREBEACED represent the hourpaTeNT

m nute, second:and frane at which tfie user data in thin ocotorgsas
‘If the value of the address portion is 3, as depicted in Fig. 11D,

00<8198d.
t he data

portion of the SubWsEpmﬁnaswae dashafiseihtendedetocidentify
whi ch this sub-code IS recorded to the first sector in which an

i mredi at ¢pe RcttRAl NangukeDoEs the natee thetuagei secerdedein thel

Bame t he

di stance fromthis sector to.the first sector in which the next follomnngl

-corrpressad:ﬁcued:xpmtam |O£ M@)P@D@Aﬂﬁé?é SPCOFGQ'FraPy skFIWily 2e

appreclated that thzs 3-byte TOC.language is slmllar to tne Local

Language Country ‘Code :ecorded as the disk information in

Table

Zotal Nusher of Entey Polmts: This two-byte fisld

'_Ldent;fles the number of I-p;ctures that are recorded on the.

| - disk. Each entry po;nt des;gnatea a sectcr in which an 1-p1cture

.fifat is recorded. It is appreclated that over 64k I-pictures

'.can bg recorded on the dlsk.

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 au will now be described. . The xnformat;on recorded i

-the ciapter 1nformatlon fields is as follows-

each of

Chapter Numbert This l-byte field identifies “he

'nnmber of the chapter. and up to a maximum of 256 chapte*s can be

-recorded aAs mentloned above, it is preferred to record one

chapt&r 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..

: 5095, MAF /9193 .AFF _ o L . 84T T
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_th&'ﬂ&r -I'gé FD asbadedt, When conpressed in 45 accor@mm
wi t.rfe at 8 ute an intraframe encoded video picture,
typteally knomn-as an-t picturé:;r a predicti Ve coded 'vi'deo “pi cture,

. typically known as a P picture, and.a bi- dlrecthnally predictive coded

video: picture, typically known as [E=B=pr¢tHre, ﬁ"ﬁe data portion of the
sub-code field whose address port iljofHFas %he' PaENof 3 thus indicates the
di.stances between this sector andl|the Qég?hnlng_nL_Lhe next - precedlng and
next-fol |l ow ng | plctures | f the varue of the address portion is A@ﬁum

shown in Fig. 11E the data portion includes 1-byte: plcture tyR§°1°°_3193

given.track. No two,chaptera on_thia.diak are identxf;ed by the
| aame.chapter pumber. o ' |
m@g_gw; This l-byte field
"_ldentxfles the number of the track in whlch th;a chapter is
_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 racorded 1n track 3, and so on.
ghgngqg_ga:ggggge Thrs 1-byte f;eld representa the

-program'informatioa (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 ahown 1h Flg.
44 and lt is to be underatood that the pre-ent lnventloz 13 not
- 1:.m:.t-ed aolely to 'l:he categorles wh:.ch are shown. '
_ | zgig;g:_gg;ghn;;gr;ﬁings Thli 2—byte field Ldsntxfxes
- 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 flelds may be prov;ded in the .

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

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

- freld area is provrded from which the name of this oorraqpondrng

. 5095.MAR/3193. _ ' o 85
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i N @honatuitig BanistdSatfondab B (3D %rﬁ@;hat is recorded in this sector i e5v or 851
1, Pa: i !Ellhtwt‘Me% @F‘i@% 2-byte tenporal reference data which -
i ndi cates .the location in the original picture display sequence of the '
. particul ar picture t hat i s recorded : is tenporal reference
" data is .hel pful during a playbaeck o eT"ﬂﬁerﬁEEé‘@a}é%ﬁN s those. of - orgaseiy

-skil'l in.the art. recognize, the |ocation RE§P essed B-pi ctuysogedasies
t he MPEG code sequence nmay ‘be quite difTerent fromthe actual | ocation. of

that pic gﬁ,rgepaq“’“ﬁre% Roufdd 'C a8, Uthie"Bhap¥eks ndmépbaxﬁeerrbfmggg f’péimta' .

“which pr I's “use the present invention is the
schemat i %t@‘ n%ﬂleeﬁ&dadwhﬂ&hacéhea”ﬁnsl thdepghaptdri naﬁeg 17.
-The ECC' rane" referred to herein as a Cl code word and this word, when

. r_eCQrded consi- st S ﬁ mgesmepatft ¢he t:hlab&ne‘dreguiresdmoae than a single .
o s-byte name field. for example, if two or more name fields are
'needed. sequent:.al ‘nane 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 a:.mply :.dent:.f:.es the £irst name :E:.eld in

th:.a.-a_tr:.ng. _ » . o : _
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:.elds in the pool of stream para*neter
fieldﬂ shown in Fig. 39. As mentioned above, each chapte.r ia
.formec_i of @EG_-comPreSse& video data together with compressed
- ':audio ) date afxdl'or' t:i.t.le data. video compression may be in
accordance with the MPEG-l or. MPEG=2 format. audio compr-ess:i.on
.may ba in accordance w:l.th the MPEG-1 or MPEG-2 format or w:.th the
PCM f..;rmat. The compresaed video data const:.tutes one st ream,
the ccmpressed audio data const:.tutea another stream and the
g t:.tle data cot_mtitutes yet a further_ stxeam. ' If, for exi;-'mple. a
| ch'epter‘ con_sists of only '_or_te stream- o'f 'data auch. as H:PEGG '
compreaaed v:i_.d_eo. data; ‘only one 'etre'am- éeramet.er _pO:i.nter: ia '
| needed. - If the _chapter_ is formed of two muit’:i.plexre_d_ streaurs of
~ data (e.ga-. video deta 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-
' ms.qqalsm aPP c _ 86 ' “___\'-
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RERtaCENEN TS gué ~ m "synbol ” i s used rather than 'ﬁyﬁeﬂm
-becal'es@‘ Toshikatsy ao 15 orded "synbol " consists of 16 bi

(known as channel blts) mhereas a der st ood to consi st
. of only 8 bits. It is appreciated,’ dﬂ@ﬁéﬁ:EﬂHnSQ$ENa£ code word, prior to
conversion from8-bit bytes.to 16-bjlt_synfbefishCEhat i9, prior to nnggtgﬁwon
of the Cl code word, neverthel ess c6ﬁ§T§f§=ﬁF=Fhe=66nstructlon4§bggo_3m93

Flg 17, wherein it wll be understood that-the illustrated symbols are, in
fact, by%&%eoﬂa%ﬂaam% lshdile) datehplad eadeev\aadagt thahUtBraé stream

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 the
'. charaeter;st;cs of the correspond;ng stream that is included in
7th1s chapter. As dzscussed above in congunctxon wath Flgg 35.
the pool of stream parameters is recorded ln a separate area in
.'the appl;cat;on TOC regzona "and eaeh 4-byte stream paramecer
. field exhlbits the data structure shown in Fig. 41. '
As shown 1n Fig. 41, each 4—byte stream parameter fzeld
. _includes l=byte data representzng the stream type, and a |
-'_'repreaentatlon of such l-byte data is shown in Fig. 43. -_
Dependzng upon the value of the stream. type byte. the s'zeam to
whzch the stream parameter pointer poxnts identifies the data
1ne1uﬂed.1n“th1s;chapter as MPEG-1 compressed-v;deo_data, MPEG=2
| coﬁprassed video_data; MPEG-1 compressed.audio data, MPEQ—2
-compressed audio .data, a further type of MPEG-coﬁpressed data,
.'title data or PCM audio data;' Thus, this l-byte stream type data
 inclused 1n the stream parameter fzeid to which the stream
.parameter polnter p01nt8 sat;sfactor;ly 1dent1f1es the necessary ] |
' param@ters of th;s stream of data 1nc1uded in the chapte}. |
. As also 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 ﬁyte may

oSS M40, R 1
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ﬂ%ét%@m{%ﬁa 116 data bytes, or synmbol'sy —igun
nggﬂe ﬁl xanpl e, the ECC encoder for med of18 ¢ o1

-nemar y =134 ane-EEE-or reurt—182—of - Fry-~t* A C2 hot—sett i orr - s—~agted-ro= e
.C2 word, preferably by being inserted between two groups- of 58 synbols, and

a Cl hold section i's added to the end of the resultant 128 synbols:. A hold
'section nerely reserves a:location in the data streamd mhjch parity data
‘subsequently is inserted. Thus, a prel ' igermy be t hought of as
being formed of a group of 58 data Sy HggﬁQEEFQé%B@ aliC2 hold section

foll owed by a group of 58 data symbols - —ct=Hol d sect i GFATENR,

C2 parity. symbols are generated by, for exanple modul 0 2. adm4§QiP°’3193

Pref bly, dat d dul onbi
W h  QRALETTBOERS s FRRCIPRERT LR RO O S e TETTAN Pida o
-de5|red furtheroﬁggghg ' éegada@§)e££38&§ ﬁ!é;héiof data (e.g..,

compressed v:deo end ‘audio data or compreased video and title

-_data) or three streams of data (e.g.. cqmpreased vzdeo aud;o and
_ tztle data). | | o
F;g. 41 further illustrates that the 4-hyte stream of

parammter f;eld includes 2-byte language data WhLCh 1dentrf;es
the lmnguage-of the aud:o-lnformation_or_tltle xnformatlon that
may - be anluded in thxa chapter. o | :

| In the forego;ng d;scuss;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 1ncluded: and if the chapter consist; of two
-or thxee mnltzplexed atream- 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 repreaentations of the tYpea of atreams that are
muitiplexed in thise chapter. . For example, let it be ase#med tharf
a single stream parameter.pointer-ialiacluded in the chaj ter -
_infarmatian;area'and that this stream parameter pointer roints to
stream parameter no. 25. Let it be furtheraasaumed that this'
-ehapter conazata of multlplexed V1deo. audlo and title drta. The
4-byta stream parameter information recorded at stream parameter

- noe 25 thus includes a atream ID“value of 3. As a result, stream

- ?aramet§r tielda noa. 25. 26 and 37 and linkeq py thia atream ID

-soss.m/ma.np R - 88 a This Sheet Has Been R
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47 M %&N@%W@ol lowing prelimnary CL word, anghemwer ss1

' o, y Sy he next_ byfe ol is produced S
by a S|n1Iar conbi nation of the next data-§ i Letfiyst prelimnary -
Cl word with respective data synbols in " prelimnary C1
words. In this manner, C2 parity synbol s lar : onbi ni ng PATENT
‘predeterm ned nunber of - data synbol s of the same predeterm ned 430100-3193
successive prelimnary Cl words. That is, if the C2 parity synbol is
-produced by &0y ghat CéFéR e dﬁtmghormeam@amm poiatexofis: he
first prelTmnary Cl word .is nodul o-2 conbined with one data synhol in the
next. synb@ﬁe@pstnecthzéetstxeam parameters are 1nd1cated to identify the

‘three types of streams ‘that are multlplexed in this chapter.'
Thus, with a srngle stream parameter po;nter. three 4-byte stream
a parameter fields nevertheless are 1dent1f1ed in the pool of
| stream psrameters to thereby represent the formats of the

- compresased v;deo. compressed audlo and tltle data included in

thrs “hapter.
.. M: This 1-byte data s:mely J.d@nt:l.fles
| the number of streams that are used in this chapter. 1In the
.cexamples discussed above, if only compressed video data is
- recorded in th;s chapter. than the value of the l-byte r.nmber of
- streams field is 1. If the chapter is formed of two mult.iplexed
streams of dats (e.g.. compressed.video'and compressed auﬁio or
 compraesesed video and title), the value of ‘the number of rtreams
field is 2. And if Lhree suulL.A.plexed erecnus of dala are: used in
thls ahspter (e.g.. compressed video, compressed audio and
title), than the value of the number of streams field is 3. It
- is apprec;ated that the number of streams field can be ured to
..lndlcste the number of 4—nyte-stream parameter fields that are
-llnked to 1dent1fy the formats of the data used to recorﬂ thrs
.chapfer. ” ' | | | | '
| inter o Eptry Poimt: This 2-byte field is similar
to the stream psrameter_pointer-and'includes.a pointer wailch
:identifies a 4-b§tepentry point field included in the posl of

8095 MAR/3193.20F B 89
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ne frons Girtivthris Hiabfordat,d the C2 parity synbol is predt

‘conbivhiin Jeshiip a§93§§ '

posi tions fronteach of three successive prelimna
to produce the C2 parity synbol. And if t‘"‘““ S generated

by conbining four data synbols; than one ¢ rSSIve

posi tions from each of four successive.preli 2 5% LB¢ 3

. As a preferred aspect of this ECC encoding, the data synbols are

conbi ned&wwﬁc I ¥orhatddn! 8RBWn int P teaoectuemeﬁeibﬁaaawm?é

words. That  i's, if the data synbol-in the. fIgI’St prelimnary Cl word i S the

~nth dat alwmlacﬂémﬂﬁ&:ae&mﬂa%apte&:hnaseeeadraéel theseiy Eévmrd Is the
(nth + 1)th data - _

' ' p;ctures.i EBach I-picture may be recorded in one or more sectors.

'95-83-15 B81:36 SONY FCIREIGN PATENT i +81354483063 T—52'? £, 457,
- “ﬁ s?i?’ of 61

HAote dat a synbol in . successive synbc
: Fagt ar e conbi ned

The'adﬂreas of the'firat-aectcr in which-an_:-picture ig mecorded
”ia deaignated an entry point.' The entry poinf pointer in:luded
~in the chapter lnformatlon area of Flg. 37 thua po;nts to one of

theae entry pointe included in the entry poxnt 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.

deslgnated. _ _
' Each 4-byte entry po;nt fleld ahcwn in Fig. 40 axhlbata

.the data structure shown 1n Fig. 42. As llluatrated. entry p01nt-
 data includes a 1-byte chapter number which_identifiea the .
.'chapter,which containi thia~entry pbint-and a 3=byte address
‘'which identifiee the sector of this entry boint. It willnbe
-_recognmzed that the 3-byte sector address ldentlfles 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 1inFed auch

that znformat:on repreaentlng the first entry point in the entry.

point pool is 1dent1f1ed by the entry po;nt po;nter in this -
chapter 1nformatlon area, data repreaentlng the . next entxy po;nt

'_;n this chapter 1a_reccrﬂed in the next entry_po;nt fleld in the

:pOOlr and 8o on. For ezample. if there are 500 entry'pcints in

Erganmenan 90
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ﬁ’Eﬁ S @l ieesieliftanatRs synbol |n the third prellmnaryﬁhﬂ”ﬂ
is the (n + 2 data synbol, and so on. 25“ _Cz“parrty-s. ol's- are |

generated in the nanner j ust descrlbed t hose 12 Y Syhide flar e
“inserted into the C2 hold section of this first - _;££l “y- AL wor t hus
forming a precursory ClL word. Then, 8 Cl1 parlty synbols‘ére“gen ﬁg&ﬁﬁ@
conventi onal parity synbol generation in response to the data £50k 3193
synbol s included in this precursory Cl word. The generated Cl parity
synbol s ghési chaptes,i 500 suecéishmedenery i point uEidIdar axge tionkelt i aaisd
word. In the Cl code word shown'in Fig. 17, the C2 parity synbols are
|nsertedtbetﬁe§nttﬂﬁ ghcupsenxrﬂapelsynﬁbﬁbds is identified by the entxy

point pointer. - The number of such linked entry point fielids and,

thua. the number of such-entrf pointe included in this chapter
'are-represented bytthe number of entry point fields shewn in.Fig,
| uu!hgg_gg_]n:gz;ggiggg This 2-byte field idenf:ifies
. the total number of entry points that are present in thls chapter
p_and. au mentloned abave thus determ;nes the number of entry
- peint fields luded in the pool shown in Flg. 40 that are
'glinked;. It is appreclated that. by detectlng the entry point
' pornter and the- number of entry poxnts. both 1ne1uded in he
chapter 1nformatlon .area, the locatlon of each entry poznm in
- this chapter is ldentlfIEG- This number of entry p01nt data
perm;ts qulck acce-s to an arbltrary entry po;nt included Ln thls
chapter. ‘Since the locatlon of the first entry polnt 1s:\nown by
the ertry polnt p01nter and the entry point. fzeld identified by
: th;s pointer, and since the locations of subsequent entry poxnta
_lzkewlse are known by reason of the linked entry poznt fiwlds, it
. is a relatively s;mple matter to rapzdly access the third or
twenty-flfth or one—hundred seventy fourth entry pornt. a3 may be
desired. o | |
ISRC This 12-byte,deta.represents the Internaﬁional

' Standard Reccrding Code which identiﬁy a musical program secorded

 emmmawr 43
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Al FreniGartis diyis & Seifadat 8 213) y be located at the end of 4% r&i& of 651
dat doisipnieshiktse oo, r Sny at @ he .C2 word. A preestabl i shed nu
of Cl1 code words having the structure shown in Fig. pshitute the |ong

di st.ance error correction encoded dat a. T i shed nunber of_

the CI code words are used as the L forng : havi n Oph
, Structure shown |n Fig. ‘18. As illustratef, 128X He-—wEFUS 256 §6S8
: such that i = .127. Each Cl code wordTs corrprl sed of a sync code

pattef“ Oltlh‘l‘fg %Liﬁ S&Ebehi-[sﬁabtweasea hot Sontain 18musi&gLcirCl es

shown in esent- the manner in which the C2 parity synbols are
gener at e?gmﬁj& s theeTstes dathedsabevsrdbiica?12abytes SyEbol £ BFe generat ed

for the code word in response to the data- synbols i ncl uded in code
: - It is appreciated that the application TOC region and
-ﬁhe aforementioned hmOC'information may be-reedily gene?eted by
;Toc.eneoder 125 (Fig. 1) or by a separate ATOC eneoder coupled to
.yet.anofher input OE.ewitch 124 for feéording'in. for example, |
'the'firsf treck of'the'progIEm area of fhe-eptical'disk.

Whlle the present 1nventlon has been partlcularly shown
and descrlbed w1th reference to p:eferred embodlments. it will be
'readz;y_apparent to those of-ozdinary gkill in the art that |
varioﬁs-changes and variatiena may be made without departing from
the spirit and scope of the invention. To the.exfenf that such
variabipna.end.changea heve_been mentioned herein, the. appended |
claims are to be-interpmeted as inclu&iﬁg-such variations end

- changes aa well:as all equivalents to:thoae feafures whiﬁh have

‘been particularly disclosed.

8095 MAR/3193.AFF SR 92
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AR, Meris i Wle&mmnts t he- ata synbol s ar ¥ 'Y m
coldalhe’ldsllibhgm&!!bi’ltﬂm’ bl . d 18, it is Ep@fof 65l
that symbols [err] constitute dat a and ‘i‘-ﬂ\ “MM ol s, and synbol s -
[err] constitute Cl parity synbols.: recuated-t si nce

twel ve [err] parity synbols are recorded I n.a. [Gg Acr @:@@rd up 5& t wel ve
data synbol's can be corrected. -Since these nvéﬁ Iawaynb %bg iL ded
“kn-twel ve- sueﬁessrve~€&mcode'wordS"maﬁnnst ErIOL—Q —twe{ve ds = =

*can be grounts to a correctable error of 12 x 136 = 1,632
symhol e S format ECC encoding is schematically

illustrated in Fi g éb ﬂ?alg éﬁlé’“ﬁavﬂr{be d WBlwtler Qagst *Mqlomre

di vi ded into two groups of” sI X
& thickness of 1.2mm % O lmms a plural:.ty of recoxd tracks having -
data recorded thereon as_embossed.piﬁs representing iﬁformation.
.the trscké exhibiting a pitdh-in the;rande 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 being disposed in saxd lead=-in area, sa;d
TOC region.eontaining Toc'inférmation and at least some of.said
plurél jata track regions containing user information incliding
HPEG-ccmpresséd video data and compressed audio data; said 'TOC
informa:ioh_being recorded in a first plurélity of sectors in
said Tdﬂ region-and.said-uger information being recorded ir. a
léécbnd 11urélity of sectore in said plurai data track regicns: |
each data track reg;cn having a zespective start sectors %t id TOC
‘informat.ion 1nclud1ng addresses of the respective start sectorss
and sald TOC information and aazd user lnformatlon being rtcorded
as moduated long diatance.érror co::eétion encoded data hsving
at_léaa* 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.

ROS5HAR/41¢ 30
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ar cayish @ Safiford w8 @IZINBEGIRUD Of six C2 parity synbol's bei NG eBThes 16235 pn
2:28 l;‘!lll‘yar Muumm&wwgm six C2 parity synbols being addBjHSoHSl

“the next 58 data synbol's. -Thus, rat her than generating the C2 par m 0&.

synbol § fromdata synbols included in 128Wﬂmmmﬁmmm me C2 parl sl 19
~synbols in the.S format are generat ed fro H symbol s - |n %@fo&bﬂ
"in 64 Cl code words havi ng the schematic represert‘att om shown in Fgg _
‘\ihereas the L format permts the use of C2 parity symbols to c4FPad -3193 s

in twelve Cl- code rds the up p correcti,on of up
‘to six Cl code! wor ih"(,5 %P&géﬁ%lt% ‘%ﬁ‘??e&%ﬁlﬁf-“ﬁ Bﬁrst
+error of feﬁ%tl?%ﬁxe ﬁcﬁ%& $roc reglon conta:l.n:l.ng dupl:.cate TOC '

:.nfcrn.at:.on and d:.eposed :.n sa:Ld lead-:.n area.

4. The optical disk of claxm 1 further camprzuzng an
' appl;catzon roc reg;on d;spoaed 1n said program area and
Ry conta:ﬂlng applzcatlon table of contenta (ATOC) 1nformat1nn
.:1dent:fy1ng 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 v1deo cempresalon fbmrnts,
the ccmpressed audio data ia encoded ‘in a aelected one of plural
:'audlo *ormats. and said amoc 1nformat10n Lneludes plural ormat
.Ldentxfler data for 1dent1fy1ng the vxdeo compresa;on an.> audlo
_.format; ‘used in each data track reg;on. ' -
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'

6095 . MAR/31I3.APE ' '\;
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REﬁhA@EhENﬂuﬁhmﬂiﬂﬁﬂivﬁbﬂﬂ?gp”?eed to the ECC format used i'n, for@

d9:35

i898%d h : the L - nﬁmi

~or Sformat in accordance mnth the present invention permts g reduction in

| nventi-on. A sector forned of ECC encoded- dmm“' mﬂ I|l&mtxt tor the S

is shown in Fig. 21 wherein the sector" i cludes_a_sentgaé} '
. formed of 24 synbols and also.is conprised of elghteen Cl cod k%&h

\%rgloldﬁc %‘qﬁ@ai{bn %{:gec{igggti%%%gl?our elr‘fgbdr: d&%%ﬁ? %I(%eand

r edundancy from about 25% of prior art CD-

.- format

twel ve syghobssbbakt 3

' ..'t.h.e sfructure shown |n€§§e§ﬁ %ﬁgl\évert#l‘?&gs errors?ﬁ nmay be

o - Te j The optlcal dlsk of CIaLm 6 whereln at least one

'-'traek section Ln Sald appl;catlon Toc reglon contalns pluzal :

“_parameter field. po;nters to deslgnate a correspondzng number of

parameter fields, thereby Ldentzfylng the v1deo compreﬂalon

. format and the audlo format used 1n the data track reglon |

fassoclated w;th sald one. track sectlon._

i §i the present

npeader exhlblts

8. The Optloal ‘disk. of C1aim 1, further comprxalng an"

V_applrcatzon Toc reg;on disposed in saiq program area and

_contalnmng applicatlon table of contents (AEOC) 1nformatzun

o Ldentiﬁylng as entxy- poxnta part;cular aectora in each data track

: datao )

'rEgzon,that cqntazn-e-selected type_of MPEG—qompressed v:deq

9;: The optlcal disk of clalm 8 whnrexn saxd MPEG-
-compressed video data is aelectzvely eompr;sed of 1ntraframe

e encodeq pzcture data or: pIEGICthElY encoded p;cture data: and '

ﬂr saxd aroc Lnformatzon ldentzfles entry point sectors in eaﬂh data.'

'track region contaxn;ng 1ntraframa encoded ploture data..

10, The optlcal disk: of Cla;m 9 wherein saxd

::appllcatron Toc reg;on lncludea an entry po;nt sectlon conca;nzng

':.‘a plurallty of entry point fzelds, each entry point flelé

-7regzon contalnlng a beglnnlng portlon of Lntraframe encoded

o plcture datal and said appl;catlon Toc region further inclndcu

————

-; scas.ulalalrs.apz S B T e
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o 'prﬁae knﬁﬁec%&thﬂﬁnm be corrected generally by using @oﬁ-;a-ﬁha-aap '
CL Tuaiifie.t Yushiltrio Odoo- Soky ot 182 BASUI00UIBBUITY f or-—t-hat—Cl-code-word.- As an as[pest of 651
of this invention, the sequence of the symbols included in a Cl .code word. -

" ‘as recorded in a track differs fromthe seHMﬂ"MlmﬂﬂFlﬁmb (that are |
~-supplied. for recording. That is, and with 't he sequence
of the synbol's supplied to nDduIator 140 differs Trdm the’ ¥ Sequence PATENT

'symbol s supplied to switch 124. By recording \LQ&MT’&GEM.M&BIBQ
refereed to herein.as a di sarranged order; the.possibility is reduced that

‘a bur st pkuxal \eracbleQRCFWnﬁwe efma hetmgw@mattedhmthm n‘esppc&sdueed

'gthe data_wi || -not. be
RS .data track region and each conta;nzng at leaat one entry point

.;.~f1eld pointer to Ldentlfy the entry po1nt fleld conta;nzng the -
' *eector address whzch repreeents the sector in whlch aezd
l'7beg1nnang port;on of intraframe encoded pzctune data is recorded
_: | :°[ 11. The opt;cal disk of c1a1m 10 wherexn said } '
fi appllcatlon Toc region. further_xncludea deta representlng the
number of entry poznt aectora recorded on sa;d disk. |
' : 12. The optxcel disk. of clezm 1 ‘wherein sald MbEl-
3~fcampresaed video deta and said’ compreseed eudio date 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 conteinlng 1nformat1on represent;ng respectlve “
_'chapter 1dent1f1catzon. predeterm;nnd paremeters of the MPEG- :
| compreqaed ‘video data,andlthe compresaed audio data recorded,;n:
'“eeid'rEapectiﬁe' chapter.-and'entry point data idehtif&ing-entry
'.poznt rectore in wh;ch selected MPEG_compressed v;deo deta are
recorded. | | _.' R
.13 The optzcal dlsk of c1a1m 12 whereln Bald
| “Tappllcatlon ch region anludes a chapter name - aection coniain;ng'
 a plurallty of name f;eldaa and sa;d lnformetlon in e chap*wr |
[section IEptesentlng chapter 1dent1£1catlon 1nc1udes at 1395t one_

. name polnter to 1dent1fy a name f1e1d in thch the name of said

::_respect;ve chepter is recorded.

L

“ﬁlsl'iiﬂ‘liliilﬁili"lﬁei
| _R-e'_c,e.iv'é_d Time____15. Mat. 9":55?’5 : P;__int Time 15. M.a':. 10:33
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] ”Tn%i P&ﬁiﬂ
: recw%nmhﬁmdmm@mmMranged order enhances the possi lmbﬂtdjnsi
- that accurate’ vi deo plctures nevert hel ess can be recovered even in the ,

f,presence of the burst error:- Fig. 20 is a sc atj on of ‘the
~manner i-n which the data synbol s are di sarra ﬂmllnﬁmﬂ Let. it be
I'S

:.assuned that data synbols are recorded on thex
it -be further:

11: SONY FOREIGN PATENT A +81354483063 T-536 *.84/46

' wdmmr.{@dmmiz the data represents video inforngtesqpss tmgg,,

Dk RAREN®t

4 nuhe orde
B0~ n

assuned -t hat ‘each Cl1 code word is forned of ms

- of those synbol s constltutlng a C2-code word (j.e. 116 data synbols and 12
C2 parity synbol s)}4md Fhe- GW%%E@%?WSCMGQ oherpdmead parity

s. .The re atlonshlp mand n for r ordlng ‘thus 1s: k =
+ 3n E Lf‘r?“wﬁ@n ac¢ E‘H?grkéeémahlr%%?tanrﬁ apbeXinen j > m2
.rdent&flcation 1ncludes track number data for 1dent1fy1ng the -

- -synbol
m.X: i

_data track region in whlch Bald respect;ve chapter is recorded.

15. The optzcal dlﬂk of Clalm 14 wherein said

“ﬂlnformatxon in'a chapter sect:on representlng chapter .

1dent:f1catlon further 1nc1udes chapter number data;for_'

Ldentmﬂylng the number of sald respect1ve 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..

17. The optlcal disk of c1arm 1 whereln each geutor of

"sald firat and second plurallty of lectors 1ncludes a aechr

'header at a lead;ng port1on thereof. sald sector header

ccntaxazng a sector aync pattern, a aector addreas..an erir.

detectron code. and subcode data.

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 is a subcode addrela-_

'20. The optxcal disk. of Claim- 18 wherein said uwiser-

' xnformntlon is picture 1n£ormatxon representlng a respect:

 91cture,.se1d picture ;nfcrmatlon be;ng;recorded in at lear.: one

098 1R (324 NPT
,' I. .". .l.‘ :E.'..l.:.

[
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1 ferohd] { e sy iagivel e Wime di sk in the recorded sequence Be@iEH :Hm
© sudin: Ba fieshidatatln s Seny at B IR W8S ®% odd group foll ovved by an—even. Jodinel 61

..'For -exanpl e, and assum ng 136 synbol s, data q titute an
- odd group of odd nunbered data synbols and o,m B " ,,ﬂ nstltute an
and_.

- even group of even-data synbols. It will be understoo

"even" refer to the original sequence in whichthose data.syn?gé
presented for recording. I'n. the foregoing equations i 1s the g% fids

oL B S, Sy YRl aghth ARGl A S U e 3 23
. record'@%f%&?ﬁ%;b% B 1udes first distance information representing the .
o dlstance f:em aa;d gzven sector to the ‘aector in which pxeture
' 'lnformatlon 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__represﬁntlng a next follcwing plctuxe ia reaordad _
o 21.e The opt1ca1 dlsk of clalm 18 whereln said naer
'1nfoma'l"ion ia c.rmpreaaed p'm'l-nrp dafa mﬂeﬂhwﬂv f‘ﬁmpT‘Ith of
-?1d1fferent types of compmesszon-encoded data representlng
.'reapec+1va pzctures havzng a predetermxned display sequence. and
'elsald 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 g;ctune
irepres@nted by the cempress;on—encoded data that 13 recordsd in
 3aa1d given seetor. _ : _ '. | _
| | _' 22. The optlcal dxsk of clalm 18 whereln aald uiler
_31nformetion 19 variable over time, and said subcode 1nformat;on |
: 1ncludes t1me code ‘data- repreaent;ng time ;nformatlon at whueh |
';saxd uaer informatlon is recorded.: _ _
'_ ,23.: The optlcal dzak of Clalm 1 wherein sa;d TOC
efxnformatlon is repreaentatlve of record/playback charactereatlcs. e
_  d1amete.. xecording capac;ty and number of recozd tracks oi sazd
;'optzeal digk. '

EORI0R/31909 P o o " 'This Sheet Has Been Replaced
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Or okt Gurtisyimoreis & Saffod)at YOV LRIA) 4067L2 1 ecor ded on the disk. That is, [ @rea{i3-9 10.3?11-

Wie rtu:t Hire Yskikatds loael Sonp i SSHIUIBHUBIARENS sy b [err] .65 of 651
[err] are played back fromthe disk, the data synbols stored in ring buffer

-217 of Fig. 2-are rearranged to the sequence““llmu - 20. This

.'sequence of Fig. 20 is referred to as the ar |s forrred
of sequential alternating odd and even data synbols

sequence-as the data- 'symbol s - originally pres 10 swtch Lﬂ@QﬁOQ#Qﬁgq

S (I‘)1£| nggrl Inntghe reC“érdeﬁg X S{‘E‘g!ﬁ esﬁ\f)#‘dg‘l%nlf a% {ES#@G'O Sﬁﬂré-‘ C'qﬁ{g”] o
Ty
includes)gyagobs be' phid- woc[féglonarabébecéﬁﬁgﬁkmbx{ Wt laeiFar d ‘e

. i'ncl udes synbols [err] ... [erf].
: o regzon, and sector confzguratlon of each of said pluralzty of

sectors. , _ _ _

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. j
| 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 s2lected playbacl: speed. |
. ,_zsj_ The opt;cal disk of c1a1m 1 wherein said lcng
“_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
;osymbola 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: lty
-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.mnm.m | | _
" . A A : - o | : This Sheet Has Been Re'ilaced
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Received Time_ 15.Mar, 9:55 < Print Time ~ 15.Max 10:33



e . vo5-g3-15 11:@2 SONY FOREIGN PATENT  ° +81354483063 - T-S36 P.87746
[ etvoh: Gittes, Namtsciseltand at @ ¥ tions in ring buffer 217 of . Frgm-ﬁ

syniie . faskl mutsﬂlém 858 t he dl‘k“nﬁy—bewx*m-eseed- as -‘510”51
.'_foIIovvs [err] (k/m - (kmod2). + 1 j = (nm2) km)dr'r)/Z where i
is the- sequentlal order of the Cl code words tH QH of the ring-

buffer, j is.the sequenti al order of the seque ois in'each'
- Cl code word that is read out 53 of the rllw__:gui—_-f:e_r_a,nd k i
- di sarranged order in which the m synbol's ‘are recorded on the %?%gh

the 'p_r.e_slel'nt. | ngen gsgggﬁ.%ﬁgdynuﬁﬁg{'déf d&‘&fa Cl code words as said 1ong

-d:.stance errox correct:.on encoded data.

29. The optmal d:l.sk of cla:un 28 wherein aaid
x.nfcmt:t.on that is recorded as aaid lcng 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

“ word is compr:.aed of odd and even aymbols with the odd symbols |
| -_be:.ng recozded together in ‘an odd group and the even symbnls
bez.ng reaorded together in an even group. | _ '
| _ 31. The opt:r.cal dlsk of. CIa:.m 30 wherein each cl code '.
. _-word 1.a formed of m symbols and each C2 cede wcrd is formed of n .

f aymbola. where m and n are lntegeras and where:.n:

'_k = m;_q, + -2x_7 - m, 'whe_n J _-< m/2
'- -'.__'k =mxi + 2%j = '(m—I)_.-when i 2 m'/2.' f

where i.is the aeque_'nt:i.al”c.:-.'der in which t'he. Cl code words are
E preeented for recording. j is the set;uential ofder of the u

symbol& in each (o § eode word preaented for record:.ng. and i
.-i:he order in wh:l_ch the m aymbols are- recorded on the dlsk- '

'9085.MAR/3100 PP E
e : Sheet Has Been Reilaced P
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i N FiokicOutbish, dlarmiztd afmg@&uwm% eachi ngs herein may be errplﬁ% tihﬂ!l

. S f dvirfine Yasitimte finyy pang, 3t @ between the L fornat and S for

‘be nade by sensing the ECC byte in the tratk~+ﬁ%e%naLLon«LLeld of the TOC '

data, such as the ECC byte shown in Table ﬂ or by sensing fjhe ECC byte _

~included in the subcode field shown in Fi ”mm hij ECC byte of
the aubcode field may have the structure ’ mu" PATENT

techni'que that can ‘be used for ECC f or mat dlscr|n1nat|on conte Q(ﬂ?%ﬁar@

ekl yhe e SRRl CzhaLbBE s ﬂdt#%*s*‘a‘?%a?%tf%@%%&ﬁ#g Eoed.
thet yBZE%“E*é%“SS?ﬁ%%"%‘;%ﬁﬁE%“'%‘Z%"%%?""‘E@?‘E%Shm o SR Sor i nat | ng
- betmeen boﬂﬂbmﬁtldﬂdcsdéornat ECC encodlng enpl oys the addltlon of a
| | 'j33;. The optlcal disk of c1a1m 1 whereln said Tnc and
_ f.uaer 1nformat10n are modulated for recording by read;ng from a -
-:-Q.aelecfed one. of plural storage tablea a 2n-bit symbol in. xesponae”ﬁ
"to an n—b;t byte Bupplled for reaord;ng, the aelected stcrage
'table belng a functlon of the precedlng 2n-b1t aymbol thai: had
ll:peen_xead.-' o
| 34._ The optlcal d;sk of C1a1m 33..where1n succuasive
-Zn—blt symbols are run length llmited. |
' 35. The: optlcal dlsk of c1a; 34 wherein diffexent'ﬁn-
_'biﬁls wbols aze ‘stored reapect1VEly in # laas£ twe of eaid
lg}-storag@ tables for ‘the same n-b;t .byte. | -
. _ 36; The optlcal dlsk of Clalm 35 wherein the. 2n-b1t
l aymbolﬂ etored in. one of said. two storage tables exh:b;t pos;tlve -
:;”dlgltal sum_ value (DSV) and the 2nrb1t symbols stored in the 3
.othe: ef sa;d two. storage tables exhibit negative DsV. o
: - 37. The opt;cal dlsk of clalm 36 whereln the selected
"ﬂfnraga fahlp in dﬂfermined AR A fnnrfann of fhp numher of ‘ﬂ“l
_b;ts Ln whxch the precedzng 2n-b1t aymbol term;natea and
'aceumulated 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

500 m/m;g. S ._101: .

e LT mslliietflliilllailelnlllgﬂ "
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| "dl@'u’lmﬁami ng the sectar Q\/nr_na_u_ern@&
it o e Ly e

bet ween the L and S ECC “ornmat s

'BP
683 of 040

" based upon the ability of the ECC correctin Flig. 2 to’

- .operate.satisfactorily. For exanple, if errﬁ'“l[)mllmllﬁﬂﬂlﬂ s that the
ECC encoded data is in the L format and error. cbrr%ctlo i § n t po%ﬁﬂﬂdi
it is hlghly | i Kely. that the data actually TS in the S. fornat4501qﬂjsﬁga:

~. REPLACENMENT SHEET 54 Conversely, if error correcti on assunes that

' enooded f‘]? t%afe‘%‘ﬂfé"ﬁﬁ 4P PV iddd Antd'd AdddVin e, BOia’i*o@ﬁm't ifs"

,dhlghly I a had been encoded-in the L. for nat .

_ prov;d;ng user informatzon lncludlng HPEG-compreased v;deo 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 seotora in at least

E 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 aazd user Lnformatlon

lncludlng HPEG-oompreased v;deo data and compressed audlo data

{

area and a lead-out area, sazd method comprlaxng the ateps ofs

B land said Toc znformation ln ‘a long dlatanoe error oorrectlon ‘code

T:-hQVLng at least e1ght parity symbolss modulatlng the encoded user

'-’and TOL lnformatlons recordlng the modulated. encoded Toc

'1nformatlon as emboased plts 4n’ sazd at least one TOC track Ln :

'_Sald leadpln areas and recordlng the modulated. encoded user -

--Lnformatzon as embossed plts 1n aa;d user tracks in said program '

d'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 embosaed pltﬂ wilka a

;_lxnear denalty Ln the range between ‘0. 237pm per bit and 0. 37aym

gfper bmt.

'Hof recording at least one addzt;onal Toc regxon containlnq

”dupl;cete Toc information in said lead-in area.'

soqs.mji;fa:;.agz P 102 -
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- Thigsm: Ghitse; MorisnbSariord db @ DB for mat s i s dependent upon the su@c8dadTpHril: m
f ai Tof . desiikatsaoing c Sony ot 8 MMISUBHRIIABEI.ncoded data, whether_in the L fdRfkel ¥
- or the S format, constitute convol uti ffFeodes. A group of Cl code words may
“be thought of as a block and such Cl got# mmlmlmllm“m"mr coded. in the
~manner. shown schematically in Fig. 22 L for ECC

encoding, the Cl code words are block ¢ ded as ‘'w I how be bn ATENT
%£¥90131%Brd

- descri bed. Let. it be assuned that the: data synmbols in a preli

constitute a C2 vorg (agdosgkhbadedbeygln 46! shipep SohgRaLhg chioa(o

- words are presente& e sequence [err etc symb
“repr eseniu@d bR i Hee Em&ehelshetdsia 8¥n8ehtehts! pﬁpdc) NiAPSohetidn DA,
.~the synbol s represente afilled-incircle are data synmbols included in

‘the [err ]aumpgb;rbhtmmﬂ'obs reep.aas ént adzﬂyprogran ngtea axdedhiﬂursygbol s

Jncluded in the [err]:
predeterm;ned parametera of the MPEG-compresaed v;deo data . and _

the eompreased audro data- recorded in respectlve uaer tracks.

_ 42. The methed of c1a1m.41 whereln the HPEG-compreased
video data is provided in a selected one ‘of plural vrdeo '
-]compresslon formats. and the oompreaaed audioc data is’ prov;ded Ln.
;.a selected one of plural audlo formats. and sald atep of
. recordzng amoc 1nformat1on.1ncludes_record;ng plural format
o _identifier.data'for identifying'the-videoaeompresaion and audio
'formaia ‘recorded in each user track. | d
| 43, The method of C1azm 42. further comprlszng whe .
:”jsteps of reeordlng a parameter sect;on in sald appl;catzou Toc
regior. eontaznxng a plurallty of parameter f;elds. each purameter
;ffzeld conta;nzng a format ID code 1dentify1nq one of a v1deo
f'.compreas;on format-or an aud;o format, and reeordlng plural traek
rsectzons in sazd appl;cat;on Toc region, each track nectrﬁn be;ng
: aasocrated w1th a. respectlve user track and record;ng 1n ach
3:traek qect;on at least one parameter f;eld po;nter to deargnate -
the parameter fleld containlng the format ID code whlch |
t_ident; ies the v1deo compressron format or audio format of the '
'tser.;aformatzon recorded in the assoclated user ‘track.
| | 44; ‘The method of Claim 43 wherein plural paramater B

'.fleld pornters are recorded ;n at least one track sectior . in gaid

i

'.sossmlsmm ' S 103
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: wmmt meamdmaamMMumdwﬁ% Ha&:2 pw.
rr '% ﬂrﬁ%%@ﬁﬁd by an X are data synbols i ncl Ja&¥h of 848
~'|n the [err] mord Since a bl ock code con5| ﬂ“ﬁu“ﬁ code wor ds, '

“‘\ “ w?g C2 parity

put each C1 code word includes only 128 da
. e jerrq codé ca
~included in the illustrated block and is expected to be |nclud ggg

i-synbols) it follows that oné data synbol in«

: next- - REPLACEMENT SHEET 55 fol I.owi ng bl ock: However; bl ock codlng

- requires f&éﬁhﬁ'%a'&gﬁr R€& chSEQEséﬁﬁdﬁn e&& Ecbfena'“_"-
in that g?%h% % t herefore, the astagata synool the Terr] code mord .

s 'parameter fields, therehy identifying the video compression .

-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-appllcatxon TOC region in sa;d program aree 1dent1fy1nq as |
;-'_entry p01nts particular - sectors in each user track that oontaln a
”eelected type of MPEG-compresaed video data. '
_ 46. The method. of clalm 45 whereln aaid MPEG-
'r'oompreesed v;deo data 15 seleotxvely oomprlaed of lntraframe :
:-._'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“-}:““
: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 reeorded.

o -'..soss /3203, AP '1-0_4
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" f oo ONer S S iagiocg of the | ast--dat-a_synbol of the [err® 11:25

| ".':wor&' WF%‘WWTW?%@ ¢ o s of the [err] word_are expedd 8o 04 .:

. to fall . within the next-fol | owi ng bl ock, tz)mmﬂﬂﬂﬂl codi ng, these

“.two synbol's, identified as data synbols 1 ,i”m' Wﬁl d back into
the [err] and [err] code words, respectlvely °St &t el general

synbol s ‘of a [ -word which otherw se woul d be incl uded in the r@bt d%?@

bl-ock- are fol ded back to the beginning of the illustrated bl oc su

" each CL code word jgg! upitd hderod! O€kcid 4 Gulals: Wil A
i nterl eaved data symbols from 128 of the 144 Cl code words, as shown. Each

bl ock COBEeﬁiSoﬂfracémiﬂgslnvi‘ﬁ&bélpﬂi&.ﬂﬂibn nric GRsgiien idtean 16K bytes.

Error correctiton can be -carried out on a bl ock-by-block basis. Fig. 23 is a
.'schenatlrepresentinglthe nﬂmbéma¢foz¢try po;nt sectors recorded ‘on said
- disk. S ' | B
_ _49;* The methcd cf Claim 38 further ccmprrslng the
..-atepa cf reccrd;ng aa;d HPEG-ccmpreased v1deo data and said
' ccnpresaed audic data as. chapters cf user information; and =
rrecordlng a pluralrty cf chapter aectlcns in an appllcatzon TOC
-'reg:.on. hav:.ng recorded there:.n :.nfcrmat:.on representing |
fgrespectlve chapter 1dent1f1catlcn. predetermlned parameters of -
:-_'the MFEG—ccmpressed V1deo data and the ccmpressed audlo data
. recorded in sa;d respect;ve chapter. and entry polnt data
p Ldentrfy1ng entry p01nt aectors in Bald respectlve chapter in
' thch selected MPEG—ccmpresaed vzdeo data are recorded. |
- .'1_50.; The methcd of Claim 49 further comprising the
-_steps of record;ng in sa;d appl;catlon ToC regzon a chapter name
' aect;on conta;nlng a plural;ty of name f;elds; ‘and reccrdlng in a
t:chapter aection. as informatlon representlng chapter '
'; 1dent1£rcatlcn. at.leaat.one;name pointer to identify a nsme
" field in which the name of said respective chapter is recexded..
| .51. The method of c1a1m 49 whereln said 1nfcrmatlon in
';a chapter section representrng chapter identification includes

| _.track number data for :.dentlfy:.ng the user track in wh:l.ch said

renpecm.ve chapter is recorded.
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COFtuw2 Quress, florfio & SalfarEQCEICR12) 88Tt 2. The sane princi ple that is (REHXS 1:28 m
- theMIﬂbcbﬁﬂs‘GrtlwmﬂthWmded : . ssed in conjun %ﬂ”"
~“with Fig. 22, is applicable to the block coding: ‘of S format encoded -
-data. - Here, however each block REPLACEmuﬂ'ﬂEm"W ts of 4 '
. sectors;, and as a result each block is co lm",?\a %%%L@%
g

 The modul ation technique used to nodul ate tHe €1 tode viords f fg
0 of

" on.disc 100 (é.g., the nodul ation.techni que used by nodul ator

§ :(1)EFrI\]/)OW wi '_'_ be dessi' b%e %ﬁaweo@fcrmﬂﬁ iereid stdi.dlidmlrﬂa%t:.'diﬂ in
.:' e chapter aection representing chapter identrfrcatlon further '
1nc1udea chapter number data for rdentzfyzng the number of Bald

'hrespectlve chapter.i' ) |

| o 53;- The method of Claim 49 wherein said Lnformatron in

& chapter sectlon repreaentlng chapter 1dent1f1cat;on ‘includes
: ;categcry data for Ldentlfyrng a category type of aald respectlve
,chapter.- ' o 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 thereofs and said step of recordrng user rnformat“on |

| anludes recordrng 1n sa;d sector header. a. sector sync pi ttern,
';a-aector,address. an error detectlon code. and subcode daia.-'

| ;'5 5. The method of Claim 54 wherexn said subcodh data
_ hln a grven sector 1ncludee a subcode ldentrfier and aubcoae_
E_Lnformatron of a type 1dent1f1ed by sald aubcode identifier.
o 55;.'._- The method of Claim 55 where:l.n said aubcode
'-1dent1 lier is a subcode addresa.,'_
57. The method of Claim 55 wherein said user

,'informhtion is picrﬁrehihformafion repreeenting'e:reapective;_

-picturﬁa and'aeid step“of.recording comprises recording said
*pucturm.;nformation in at 1east one sector in sard user tracke,
“and recordrng as. subcode 1nformat1on first d;stance 1nform=tzon;
'drepresent;ng the dietance from said given sector to the s=ctor .

' :m wh:.ch plcture J.nformat:.oh represent:.ng a nexl: preceding

5095 .HAR/3], ;& AP o | - - 106
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WhiFeda: mwsumaatwmmumaer conpact discs, and one exanpl e. Gfﬁdiﬂﬁ 1122
.. EFM Tot Wre Sushikytey s - Gany ot BLR45P19070115 e patent application 6-2655. In B““"‘”
‘conventional- EFM an 8-bit byte is converted |nto a"IH*B“T“SynboI (the bits

.of 'the synbols are known as "channel " e supplied to-the '

“ recording channel) ‘and successive synbo s 'mmm Eﬁm” margl n.-bits:
Heretofore three margin bits were used, | and these ree i é

. to assure that the Digital Sun1VaIue (DSV) .accumul at ed fron1su TRLEPY

 synbol s i reeMridag? n gﬁhi | y’ o
~ the shorteéest rungﬁ engt h permathtae %Fﬁégﬁéﬁgts ilf‘isfxggsf;%nse%utlve ze
whi ch ar%n&paﬁgéa&@kMQQQMﬂSalang1baa b@8E6E! t5UEhe CBEEEOL Sihiwhiss 10 10 '

fwhereln 10 ‘consecutive zeros may be present between 1s.”  If-two margin bits
are usedpistiaze tﬂmrﬁmtﬁ.bn megrehéntingbannexbnsobloving pﬁn:gure bias are: -

."oo ‘01, 10 and 11. In EFIVl
: : recorded

'  58. The'method-of claim 55 ﬁherein éaid ste§ of
'encodhng said user infomatlon compr:.ses compre-aing a . -
Lpredetermlned dlaplay sequence of pxcture data in aceofdance 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
' techn;que.that_;s uggd to qampress the data_reeoxded-in Edld._”
"'givén'séctor and‘sequencé'ihfprmétion for ideﬁtifying the -
_ 1ocat1nn in sald dllplay aequence of the p1cture repreaenwed by
 :the ccmpressed pzcture data that is reco:ded in sald giver
“'secto:._ _ : |

| '59. Thefmethodﬁof 01§im'55 wherein.éaid usef
. information is var;able over tlme. and said subcode lnformatlon _
Vfinclud@s txme code data representlng tlme LnformatiOn at which -
_ aaLd uaer Lnformatmon is recorded. ' | |

' 60. The method of cla;m_38 whereln said TOC _
;;nformatlon is repreaentatlve of record/piayback eharacterlstzcs;.
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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a ey m.mmmmlliwwibﬂted Hence, only three different@®13% 1:22 g
coripi §ra deskiipessing - Som at @ W™ sed to | ink (or separate) succedDSnaf 68

synbol s: 00, 01 and 10. But, dependi ng upon the bit. strean1 f one or- the. ..
ot her -synmbol's which are i nked by the mar ﬂwm““ﬂ“‘t lw or rmre of
. these possible states nmay be precludéed be recl uded state
'nay result” in an undesirable DSV. Fig. 24_L§_é_§bhenat|c re r§§€
“string" of data synbol's separ at ed by margi nibits. Each dat

B e o £t &eree
' least mne Toc track. recordlng a data conf;guratlon of saﬁd at
r_leaat one TOC track, and reeord;ng a sector conf;guratlon 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
e e

'-aoos m/ma.apr' L ' '. 108' _ \
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: anﬂ.,{_ﬁﬁ kg s it iz) pPR’ ate data synbols [err] and [err]@wmnu
' bi T g9: Wpr YalRilaBD Do Rins st B459106701081358988709]) -and—D4—and [err] on, with marmuenme
bits [err] separatlng data synbols [err] and [err] hbvert?eless assurm ng :

" “that the .14 channel bits included in a ﬂilﬂﬁ mmmr idedin 14

. successive bit cells and further assum bits are
included in 2:successive bit cells, successive dafa Tran5| i ons i n PNTENT
3 strlng of - channel bits depicted in Flg 24 are separated. by n65QQ991§%%$ 2'

S e il G P 1 e D S,
~Symbol s FRER égga%iﬁh?ﬂ YilngEld ol o e i f °H=s“e owed by
4 DAl Yo Rbe, ek Rbk St o (itdodadrilea,and ending vi th 4 parity
synbols The sync pattern is illustrated as a high sighal -
-~~~ 66+ The method of Cla:.m 65 wh.erein sa:.d step ot .
-‘recozdxng cemprlaes recordxng the symbols of the c1 code worda in
a symbol sequence different . from the aymbol aequence of sald |
| .p:ellmlnary Ccl words. N _ _ _
| 67, The method. of c131m 66 wherezn a prelimlnary cl '
.'i.code w“rd is éompr:sed of odd and even eymboll and wherein samd
" step of record:.ng recorde the odd symbols together in an odd |
_group and recorda the even symbola tOgether in an even gruup.
o _ 68.- The method of c1a1m 67 where1n each c1 code woxrd
.. is foraed of h aymbola Lneludlng m~n Cl par;ty symbols. where m

" and n are 1ntegerst and where;ns

k= mxi+2xj - m, when j < m/2
k= mx_i - -28.-]' - (m—l)' wheuj = m/2:

' where i is the-aéquén#iél.Ordgr'of the preliminary Cl words of
 input-dhta. 3 is the éequential otder'of the m symhols-inﬂaach__
_prel;mlnary c1 code wcru. and k. is. the oxder in whlcn the

: aymbo1s are recorded on- the dlsk._

- S09S.OR/1SLAPP . . o 109
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_ Imlm&ﬁ.mdisrmﬂm al @ (24D Beed?izs fol | owed by a | ow signal 1evel @a@and B m
f orTu:1ir. Frshid WMTW&@WWMh signal level -extending for 2 {81l of 8% -
cells: The inverse of this pattern can be REPLACEMVENT SHEET used. Fig.

.27 al so depicts the two-bit margin bits V\ﬂ mmﬁml‘mus‘mce sive data

. .synbols; and as nentioned above, in some lﬁ n pnes of the
three permtted combinations of margin bitg cannot "e Sused

schenatlcally represents the conditions under which the narmqéﬁiqo'3193

~ conbi nation 00 h oo |
ggnb: Egt:gg 10 g;n%ote e M%gfm%sﬁlwéﬁé %ﬁﬁer\ngﬁf%o‘?% as the -
.1 nhi bi t oBBegk AgPEbmBgBeh Mwa&mfafﬁdt&@emm rdd g mgﬁw&mch o

}cann t
convolut;on code.

_ 70, The method of Claim 38 whereln said step of
tmodulatxng oomprisea supply;ng sald T0C and ueex 1n£ormat1on as
”.n-b;t;hy;es. :eadlng from a seleoted,one oflplural storage.taplee :
ﬁ?-a 2n~bit. aymbol in'response to a supplied n-bit byfe. and o
"'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 1eaat two of said storage
~tablea For the same nrblt byte. . ' ' '
| '-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;gztal
- sum vaiue (DSV) and the 2n-b1t .symbols stored in the other of
{.sald tus etorage tablea exhlbxt negatlve Dsv, .
| 74. The method f Clazm 13 wherezn the step of
'oeaelect;ng said one storage table is determzned as a’ funotl:n of
l;the number of ng« 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;cal disk
frhav1ng @ dzameter 1ess than l40mm. a thlckness of 1. me S Gﬁlmm

'sossm/amﬁ,»p . ' S 110 o -
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be Tech: MebEr Sy AL PRl hE“ﬁJST O e el oo AN

-be used. ‘And when [err] = 10, the nargl"*B‘T‘Eﬁﬁbrnatroﬁ-&ﬂ cannot be used.

‘Let" it be assumed that margin bits separ | s [errﬁ*and [err]

Let it be furtHer assuned that' t-he nunbe mgﬂﬁmﬁw zet'os! at t hgrENT

‘"l eading end of data synbol. D2 is represent nunh@gotﬁozsigs
‘at the ternminating end of data synbol [err] is B.. If A+ Bis equal to or
~exceeds &nﬂUGC&é&b\tdﬁtgr avepAdividadSintbea léadainjaredi taqpodynen i ared)
s inhibited [err] 00).- If the nost significant bit [err] of data symbol
[err] i sandl a(AeadGbud:r axeai, hendewhersin saidi datanisrecorded am" (A = 1)
or if the least significant bit Cl4 of data synbol [err] is "1", the nargln
‘bit Conbemgppgﬁdopmpg FﬁﬁFEFﬁ@&ngrm?dﬂla ed. errcrbeorrection encoded .

'uaer xnformatxon includlng MPEG—compreased v1deo data and
*.eqmpreased audlo data in sectoru in user tracke in lald pxogram_ ,:
" area., represent;ng modulated. error—correetxon encoded talile of
 contents (TOC) 1nformat;on in |eetora in at least one TOC track

in ea;;,lead-xn_area wlth,sald 70C information 1nc1udlpg

addreases of_respective start séctors'of aaidzuser_trackab and

reprea#nting application-tablefofICOntents (AEOC) inforMa+ion in

'e-sectozs in at 1eaat one track in said program area related to
u'saxd MEEG-campressed video and. compressed audio datas the traeks
huv;ng a track pitch in the range of 0.646um to 1. OSym! aaLd
'; method‘compr;slng the steps of rotating said disk to obta;n a

_conataﬂt l;near veloelty prOjectlng a plckup l;ght beam hrough

- a leng for Optlcally readlng the rotat;ng dlak. sald plckup 11ght _
- beam hmv;ng a. spatlal frequency £ = A/ZNA. where the - spatral
l'frequexcy L2 15 leas than the track pltch. A is the wavelemgth of :
'd”the p;wkup lzght beam and NA is 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'moc Lnfo:mat;on. ATOC 1nformatlon and user 1nformat10n; uulng |
";aa;d TCC Lnformatlon to access and read selected user. tracks in

“response_to access ;nstructlons from a users and u81ng_saxd-AmOC

E 8085 MAR/Y:83,APP o ’ - 111 i
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i frﬂimﬂ&aa&nﬁlmﬁrﬂﬁﬁﬂ @IBeReM2 of data synbol [err] i's "1" (B 4R35 |1i-zq|. _
'_'t hememmmumgwmmmmm "1" (B = . REPLACEMENT SHEET 5@91,30!040
1 f the nost’ S|gn|f|cant bit [err] of data synbol D1 is "1" the margin :

"-'.__blt ‘conbi nation: 10 is inhibited [err] 1 ! 3 dondltlons are

 not "nutual Iy -excl usi've; and fromFig.. 28 ﬂ)lllmnm “ufﬂmnﬂ nstIOI’lS nma
‘exi st which preclude the margin bit conbl nati dns'01"and 10 (bot %ﬂbl t
condi tions are precl uded if the nost si gnl ficant bit~ Cl of dat®

"|s "t %?kf th h+§?3 SI%?\&B ant ﬁ%‘ﬁ% oeéjaatn%s éaq_.rr]fr&n [aerd

H'The nunb
dlsko

76. The method of c1a1m 75 wherein sald emboesed pxta
-_have a linear denslty in the range betWeen 0. 237pm per bit ‘and
0378mperb:.t._ | I
| _{. 77, The methcd of clazm 75 wherein at leaat one
'add:.tional m reg:.on contazn:l.ng dupl:.cate TOC :Lnfomai::.on is
7located in said lead=in area. _ |
| .78 The method of c1a1m 75 where;n said amoc
:f'infcrmet;on ldentlf;es predetermlned:parameters-of-the MEHG--"
'._rccmpreesed video data and'the.compreseed.audio date'recordec-in- 
__respectlve user tracks.,- | _ ; | | | _
%i"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 ia _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 aeei-.u)na, ear-h hp-nng AanAoeoei ai-ed with a
respectiﬁe uUser tlaUE—:Ef &a 'co nta ing at 1east one parumeter

i“”ammnmlmw - o - 112
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'_'|smm&mmﬁmfmnm(m)m;z all three_mar natlon@m}maln

" usedo: B Nlhiﬂlﬂwoﬁmdf@tm 3l %in bit patterns is precljided andBtOliell'M'.
other two nay 'be used. 1f N. =2, two of theulmﬂmﬂnﬂ‘lumA“frns are

- .precluded but the third is pernrtted It wil t Rat NI never-
-i's' three. Turning now to Fi.g. 25, there |s]|Ifustréted a fIOM/chart mhlch

represents t he: manner-'in which a nmargin bit conbination is selégg “*
“insertion by a margin bit generator between two data synbols %9%

e, i Bikid BRaRkR.Tkl GOFRLARLLOBGe PRrdlEcy S0 o nfﬁifthf%m. na??‘LE'S” :
N1, N 2format| 2nr bolekQNisR L8eACiLidh NEle Videb | domSraiiisis ;ﬁﬁt -

:-[err] and NI for each-set of margin bits to be inserted betmeen
_syrrbol S augh.befdmtrmﬂeﬂhéruaerhnnferulatmsmluprdééchn rnthe gass’tﬂ::.ated

user t;eck. _ L
) 1'81; The method of cla;m 80. wherezn at least one ‘track.
. _aectlcn of laid amoc 1nformatlon contalns plural perametea field
';poznters to des;gnate a correepond;ng number of parameter fields,
thereby 1demt1fy1ng the v1deo oompresszon format and the aud;o
:7'format of the user informat;on recorded in the user traok
5_aaaoc1ated Wlth sald one track sect;on. . : B
| _ 82,_ The method of CIalm 75 where:n said ATOC
”Q:lnformatlon 1dent1f1es as entry po;nts partlcular sectors in each
' g:uner traok that. oontaln oelooted HPEG-oompreuoed videco data.’
._ _ :'53?, The method of c1a1m 82 whereln said MPEG- |
.compreﬂsed v;deo data is . selectzvely oompr;sed of 1ntraframe
-encoded pleture data or pred;ctively encoded plcture data; and
”;' aald ATOC 1n£ormat;on 1dent1f1es entry polnt sectore in eaeh data
V:_track oonta;n;ng 1ntraframe encoded picture data. d.
_ d | 84.' The method of c1aim 83 whereln ATOC 1nforma,1on
_includea an entry 901nt sectzon contalnlng a plurality of entry
polnt flelds. eaoh entry po;nt f:eld conta;nlng a sector address
,  represent;ng a aector in a uaer traok contalning a begznn:ng
'portxon of Lntrafrume encoded ploture data. and said Amoc
'” _-1nformam1on further 1ncludea plural track sectlons. each be;ng

rasaoeiahed wlth a ruapeetzve user traek and eaoh eonta;nxng at

"soss.mnm.an C ' _'__-113'
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| "Tmmmmawmmamemu nguiry S2 which determnes if.- t R OIS
of ToaM. Mmmlﬁwmtﬁmﬂmﬂ%ﬂﬂgl n—*REP[A—CENENT SHEET 60 bit [B®iSef m

'-'.'pattern [err] -is equal to 2. If [err] t nces to step S3
~.and only a single margin‘bit conbinatio lm F For exarrple |f :
" the- rmst si.gni ficant - bit of data synbol errc |LS n = 2 an M nh =

©°01, "10.- Step S3 thus pernits only margin bit conbl natlons 00 %8 ? '
Vsel ected as the margin bi t pattern [err] .However, |an| ry 4591 aﬁg‘ﬁéred

"'- !sgl tegtee.rc}fa% V‘ﬁ ové}ﬂﬂ‘i vancesﬁ gioysltn?g‘ig}o h%l? ‘e HE Q'% Bgin%an_pe_

field conta:.m.ng the sector address wh:.ch represente the aector

.i_1n which said beglnnlng portion of 1ntraframe encoded pzcture
;data lﬂ recorded | - | -
; ' 85. The method of Claim 84 where:m sald 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-
-l campreased v;deo data and sa;d compressed audlo data are ﬁecorded
-fﬂaa chapters of uaer Lnformatlons and ‘said AZOC Lnformatlor .
'j_'contalﬁa a plurality of chapter sect;ons. each contaznzng |
1nformat1on represent:ng respect;ve chapter 1dent1f1catlor
“predetﬂrmlned parameters of the MPEG-compressed video dats end R
rr_the cowpressed audlo data recorded in aald reepectrve chagl:er, |
... and eniry point data 1dent1ﬁy1ng entry point sectors in said
'reepectivefchaprer_in whi.ch selected MEEG-compreheed videazdeta_
itare recorded. | ' |
_ 87. The method of Claim 86 wherexn sald ATOC
) tlnformatlon further contaln- a plurellty of name fieldss and said
- Tlnformarlon in a chapter sect;on repreaentlhg chapter
'1dentlircat;on includes at least one-name_901nter to identiify a
' name £irld in which the,hame;of'gaid respective chapterliu-
'_'..,recgrdei.‘i-. | - | | “
-BS._ The methcd of CJazm 86 wherezn said informavion in

chaptﬂr section repreaent:.ng chapter :uderrt:.f:.cation :anlzxdes

i Rﬁll
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" _' ' ln'ﬁff it %ﬁﬂlﬂﬂr"mhe n-th margin bit pattern (n72) @%3.13.55 n'ZS
'deteﬁn% FHBAPPOLRISHANES, ¢ o e seconqy et of m

' = h ma |n b|t

‘margin bit patternlsz that is, if NI2 =:2, then the n-t

.pattern is construed as the (m+ 1)th margi numm)mmmu;muum

[err] 2, only one margin bit combination or the _
The flow Ehaft 't hén ddvAnc&s t o PATENTSS

remaining margin bit patterns [err]
wher ei n gata synbol ‘D2 is |inked to data synbol [err] whi ch i s 450083183

dat'a’ synbgtadlersiymber agtgjaf@r %&iﬁhﬂé % er %SngF%pl Ve rrargcn hi t

-conbl nations which are not inhi

' data
Cmar gi n bitegpadEives cb:apta:f eilg lrdtdsRiderien sel ect ed and si nce t he _
syngols up to [err] are known, the accunulated DSV up to [err] is. :

“cal cul ated. The DS\BSet &he mekHost cihicladal s8swhieeisi BBLM iaradfsdibn Lhe
-DsV- V"h' Ch heha lfLee:n sae%qt:.rcraunl azge%ci-efsre%rgz.%rge\ohggie?:ag.gei{ﬂgoitzlzeguzI }r:ei-t ep_
: Lnoluaes chapter number data for ldentlfylng the number o uald
.respentxve chapter. ' '
| | 90,- The wethod of Claim 86 wherein aazd 1nformmtlon in
S a ohapmer seotlon represent;ng chapter 1dent1f1eetlon 1noludes
',; category deta for Ldentzfylng e category type of said respective .
 chapter. L o
i d91;_ The method of -Claim 75 wherezn eaoh aeotor of sald
user and TOC traoks ;noludes a sector header at a leadlng portlon
'.thereof. said sector header containing a aector sync pattern. a
a sector address. ‘an error detection code, and subcode data. |
| ' - 92, The method of Claim 91 where;n said auboode data -
'f in a gaven seetor 1ncludes a8 .subcode identifier and suboode
-1nformmtlon of a type 1denti£1ed by sald suboode ldentlfaer.
o d.93.- The method of Claim 92 where;n said subcode :
1dent1f1er is a auhcode addresa.
' 94, The method of Claim 92 whereln said user
- -Lnformatlon is p;oture znformatlon represent;ng a respectlve
'-fpioture. sa;d plcture information being recorded in at least one
sector in a user track. and where;n said subcode 1nformatmon .
flncludes flrst distance Lnformatxon repreeent;ng the d:stanoe :
from sa¢d g;ven aector to the sector in wh;oh pzoture 1nformation

" goms. mmna.»p - IR 115
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[ vam] Surtis, Hoerivt nmaﬁwm selected as the particul &35 11:

REFB)IEE

'-_",-"-.[err] It will be appreciated that steps Sﬁ LII Hll m la prdj ected
- Jerr]. and al though the margin bit pattern oR=i=s

“pattern [err] .the technique for selectlng the_approprlate nargbg
i_conblnatlon for pattern [err] as based upon | ook ahead data

3%%

: ﬁargrﬁ—brrﬂtoﬂbrnatron whlchlaaﬂ
-nlnlnlzes the DSV that is projected to be accumul ated up to dat A synb

rr] -

:ffhé proje

[err e?e&g\}%%'szﬁ:&r g:gtagg gegaaeaeaauogeeﬁraaa aﬁanaa Hd""h'Ch

-accunu upon "l oo ead” ~data synbol s. For
dzatance information representzng the d:stance from aaxd Fiven

sector to the sector in which plcture xnformatzon represent;ng a

'7next fbllowzng p;cture is recorded. '

-“95} Qhe method of cla;m 92 where;n said user

"_1nformatlon is compresaed p;cture data select;vely comprxaed of

',dszerent types of compreas;on-encoded data repreeentlng

-.reepeotmve p&ctures hav;ng a predetermxned d;splay seguence, and -

.Bald subcoda 1nformatlon 1no1udea type ldentlfyan informatzon

'ffor 1dent1f¥1ng the type of compresslon-encoded data thac is

1recordod 1n said. ngen sector and aequence lnformatlon for

fldentlﬁylng the 1ooatzon in. sazd d;splay aequence of the picture

' _repre-ented by the compreaazon-encoded data that is recoruud in

'sald guven sector. .

. 96. The method of clalm 92 whereln aald usexr

e;nformatzon is var;abie over time, and said subcode 1nformat1on

3:1ncludés t;me code data representlng time Lnformatmon at wblch

.BALd ueer 1nformatlon is recorded.

97. The method of Clalm 75 wherein said TOC

_'information is repreaentatlve of reoord/playback characteristics.

'_dlameter._recordlng capaclty and number of record tracka of said-

- dlsk.

98. The method of c1a1m 75 whereln aa;d TOC

:_informatlon includes TOC ldentlfxcatlon data for 1dent1fy1ﬁg a

| locatlon of said at 1eaat one TOC track. data confzguratloa of

sonsm/amm o ‘_'_116_
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'smlmﬂmﬂﬂarﬂ Saffyrd st EhE282) WEER?2hat m = 3 that data synbols [err¥ i
(PIRS1OEZBUBIAERY, i-s—known an

- margin bit pattern [err] is to be sel ectedmﬂizHl 29A represents the 14-bit

~data synbol, wherein a "1" is represented nd a "0" is

a synbc%_ﬁ.
in Fig. 29A are the same data signals usedin Fi gs 29 and 2£4g1 g
represents the margin bit pattern-M as the conbi nation 10: Fig. 29B

represeg{ﬁ al B8 TBhEkNoRk! TBA! £LABK] ChRd SSctde SOMPigtdIod ofnhdh Bf 29C

- represents e margin bit pattern Mas the conbination 00. It is assuned.

i that [egg]i_d— Qurmgﬂyngft Babtbigle are no inhibited margin bit conbinations
“for .margin b|t pattern M It is further assuned that the | east significant

" bit of a data synm9ol | Theepetbedt of Qiaimvl3 whexelyaaid PO} each of data.
._:synbol s [err] ‘and [err]l Furt hernore, based. u:i:_)on t he_post. :
: o nform-\tx.on inc udea data rep:esent:at of disk sue. .
100, 'I'he method of CJ.a:un 75 whereln said TOC
infém%t;:.on :anludea data representat:.ve ef a time code
-aaeoc:.ated w:.th saz.d user :.nformation.
101. The method of. c1a:un 75 where:Ln sa:.d uaer
| 'informatl.on is reproduc:l.ble at a selected one of plural playbael:

speeds; nd sa;d moc lnformatlon 1nc1udes data repzesentat;ve of
e 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 frt‘r. a
;predetcrmzned number of symbols, 1nclud1ng 1nformatlon syibols
'and c2 par;ty symbola in ‘said c1 code word: and wherein sz id step
) of errer correct:l.ng comprz.lea us:Lng saJ.d Cl par:.ty eymbole 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

preass:.gned number of Cl code. words. and fom:.ng an erxor -

ms.ﬂ/alaa.mr_ : o 117
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i‘t‘l i fond ot B L242)AdG-C L felopdTBr 0i N bi t conbi nations 01 P ) “!;
MSOINZe 1A | )

:10 eﬂp(gﬂﬂ TeTr] = 2. Finally,. based upon the
-strean1of the trailing end of data synbol [err] and the Bit stream at the

leading end of data synbol [err] margin bJul Wﬂ |% i nhibited for
[err] (see Fig. 28) and [err] =1, Fig. 2 ﬂﬂ ﬂuimn e accurrul .pSV
that is obtained up to the end of data synﬁoI°D3L| Y
01 and. if [err] = 00. In particular, curve=a=~6f~Fig: 29D |IIustrates t e

=aaccunulahe&r98¥edhen bede] wordOfromr thebineoraatidh sPfbAls UERGELRsH DR\en

. when [err] 01; and curve c represents the accunmul ated DSV when [err] =
00 HAGHE corcenteﬁaaaaa rhcuéhdoﬁf udang eynﬂoﬂ[par:}.tf)wh -

103. The method of clalm 102 where;n said Lnfornatlon

jsgmbols are recorded in a dlsarranged orders and where;n *he step
h of eridy correctxng further comprises rearrang;ng the ordir of
 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 1nformatlon symbols recorded in an even gr«up.-and
d.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

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 e:rorhcorrected Ccl code word. and k is the |
h’d;sarranged order in- whlch the m symbols are recorded on 1he

disk. - |

o '106. The method of CIaLm 75 wherein the error.

_correcllon encoded data is 1n a convolut;on code.'

6095 .MAR/Y:33.AFP ' . .;15. e
l . l . : ThlS Sheet

il .

Received Tine  (5Mar 9:55 Print Time 15 Mar10:30



L i +81354483063 . T-538 ; %6/46 '
..|f Cagtiss- Bar€is 4 afl b 212 apvr o and DSV = -5 if [err] = 00.% ~
"Ze‘mmmtte% PR it gi-nbit combi-nati-en—01 shoul d g?m
_.seI ected for margin- bit pattern [err] But, if the margin b t .combi nation 01
is selected, the accunul-ated DSV at- the I \D3 is seen to be
DSV = -5. on the other hand, if the mar gﬁm“ﬂﬂl'mllﬁlmmt \00 had BN
_’sel ected for the rrargl n bit pattern [err] t he dcclinuf at &d DSV@BQ*tdm.g_mb of
" data synbol [err] is DSV =1. It is appreC|ated then, that if the project ed
DSV ‘i s. exam ned, th]g-,pai-hécﬂéﬁﬁomm@lbm wmmimrasimwatsa sel ctheed for
‘margin bit pattern [err] differs fromthe mar gin bit combination that woul d -
- be sel ecigdki fist Modplatedi ad BSkunslengthkxbimikeed RIL) Zpder angd @add :
~diagram of margin bit selection apparatus ip which the margin bit- '
“conbi nat sbepf of demgdnlptingaineindeedecedingt @i R HAY0Ki ng ahead by

ha or " % V08, e nlkhod: of "Miash o KA Yol e odd 14°

. (2.,10) RLL eode. such that succeas:we data trans:l.t:.ons ar:

'95-83-15 11:15  SONY FUREIEN PATENT

; 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‘ecerdad as 2n—b1t :.nfomat;on words. and sa:.d step of |
demodulat:.ng eonverts sa:l.d 2n-b:|.t :Lnformat:.on words into u-bit -
o :.nfonmt:.on words.- ) | '_ | _
. | 110. The method of c1a:un 109 wherein said step of |
.' demod\ 1at1ng compriaea stor:.ng in each of a plurality of ”ables'
'several n-b:l.t :.nfomat:.on woxds, seleet:.ng a part::.cular 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 leaat one 2n-
bi't:' irformation word read from the d:l.sk corresponds to tws
dsz;emnt n—bit infomat:.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 compr:._aes examining the -

' _ '_2n-bitf.'info:maltion ;woz_'d ﬁhich ‘next follows said presently read

" BOBS.MAR/..JI.AFF - ' 119'-
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“ﬁp 8 5y t tern1na| 10 in Fig. 26 is™80p ﬁg{ -
. g‘gﬁ%g?vm‘i ave been ECC_encoded, __z_i_nd these byt es QF m-
--SucceSS|ve 14-bi t synbols are coupled to Hs a pseudo'
- frame sync signal to the successive-data guﬂi I o I ane pRWRKIT
~signal [err] (" IXXXXXXXXXXX10" ) ‘bei ng added teo 15030 0-13193Ch
“sync frame. The pseudo frame sync si gnal serves to reserve alocation in

1. whi ch t hgnasisal nféRnet Fom waird (s Nadledt S bneaorisdich otherc tabie as
;- ‘Successive.data synbols are coupled to registers 14-17

' a functlon of said next-follcwlng 2n-bit information word..

| 112, The method of Claim 111 wherein said step of

'eat examlnlng comprlses senelng predetermined bits in said next-.'

| follcw;ng 2n—b1t ;nformatxon'word te determ;ne the table to be

| ) selected for sa:l.d next-follcw:.ng 2n-b:|.t :.nfomtzon wcrd. and
ﬁtselectmng sa;d one or sa;d other table for sald presently read

;2n-b1t Lnformatxon word dependzng upon the table to be l#‘ected

:"for saLd next followxng 2n=bit ;nformatlon word.

113. Apparatus for r:ecord:.ng data on an opt:.cal d:.sk
| having a d;ameter less than 140 T, a thickness of 1. 2 . t 0.1
ff'mm and a recording area d;v;ded into a 1ead-1n area, a prmgram
;farea and a lead—out area, said apparatus comprxs;ng. lnpui means
,for p:wvadlng user. Lnformatlon anludzng MPEG-campmessed wideo
fdata and ccmpreased audlo data for recordlng in a plurallty of
.eectoru in user tracks and table of contents (TOC) lnfOIMPtlon
e'fbr recording 1n a pluralzty of sectors in at leaat one TGL
o . track. sazd Toc 1nfozmatlon 1nclud1ng addresses of reapecfuwe
o start aectors. each Ldent;fy;ng a start sector of a respettxve .
- . user. tfack. encodlng means for encoding both Sald user |
xnformatlon 1nclud1ng HPEG—compressed video data and compressed
audlo data and sa;d Toc informatlon in a long distance ersor
"correctlon code hav;ng at lealt eight parmty symbols;: moﬁteator .
-_means tor.modulatzng the encoded user and TOC lnformatlon; and.
‘recording means for recordlng the modulated. encoded TOC_

'ms.m/s"uwp : o 120
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[er FTD wg‘%mwe”]w S P etor 15 store dg‘;?;é?;ﬂ F;‘;;ucs |

i[err] register 14 stores data synbol - D4 ‘and adder 13 now supply es data
_synbol [err] .to the input of register Htl d}[err] are
‘coupl'ed to discrimnator 30 which exam- nesDﬂmmmmm m‘ o de

if any of the bit patterns therein correspond té 6 thos® shown H 156k goigghg
‘Dependi ng upon ‘t he sensed bit patterns, dlscr|n1nator 30 generates th

i nhi bi t "Bt ford | ) Al H it R Paide atc dehgitn olB! #0& Birhek in

;conblnatlons frommargin bit pattern [err]. The inhibit margin bit signa
_produced gyid psdti-aix i averntand ifor QEecrtihgothe hodalatdd,sengdedei! usdras
t.he- margin.bit inhibit signal [err] A "1"'in the first bit posi tion of

lerr] i nmtﬁqmmmaguemﬁaemmmammmam uger) tragkshins sedddp mram .

position of [err] inhibits:
P arei wréh a track pitch in the range between 0. 646pm and g.ospm.

114. The apparatua of CIazm 113 wherein said reeordxng :
. means 15 operat;ve to record said emboaeed pltB with a linear .
'd-dens;ty 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) |
.rf_‘lnfornatzon ldEHtlleng predstermlned parameters of the MAEG-
o _:1compreaaed v;deo data and the compreesed audio data recormed 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~
’l_ccmpreeaed v1deo data is prov;ded in a selected one of plural
“video eompreaslon formats. and the. compressed audio data 13
rprov:dad in a selected one of plural audlo formats, and s..id Amoc
'lnformatmon-prcvrded by Bald input means zncludes plural'format
-1dent1£1er data for 1dent1fy1ng the v;deo conpress;on and audzo '

' __formate recorded in each user ‘track.

\'\
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‘ CrtiE)\rrds g 36 P8 - conbi nation 01 and a "1"-in t .
- bltf"p&lmhbpm[;%:;&l prrs thne nargin bit conbination 00. As an PE

+ exanple, if only the margin bit conmbination 00 is a pern1tt margi'n bit

- pattern, margin bit inhibit signal [err] | r 10" .. The
“output of register 17 is coupled to a fra mgﬂuﬁm “ﬁ u‘l 18 Whi-Chypmer
~converts ‘the 14-bit pseudo frame sync signal [cerr] %o %a 24-bify 1@@&3@g§f
si-gnal Sf. This 24-bit franme sync signal Sf is coupled:to

paral | el -to-seri al 1 @91 P& aghFarafins O£l Al isy wherein said zﬁdamlmarge
~supplied successively to frame Sync converter 18 are not nodi fied thereby
- and are fephsi ed aperstﬁéatolaecamtm@araﬁﬁbﬁ:en mﬁmgurut isarid to t he.
._paraIIeI ' :

appl;crt;on TOC. reg;on contalnlng a pluralrty of parameter
fields. each parameter f;eld conta;n;ng a format ID code
rLdentLtylng 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 parameter-fleld contalnlng the format ID
.code which ldentlfxes the vldeo compresslon format or audio
'format of the user Lnformatlon recorded 1n the assoc1ated aser
_:track. _ . |
ilsr'ihe apparrtua pf Claim 118 wherein said reéﬁrdihg
.:;means records piu151 éarameter-field péinters 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 recprded in the uaer.track-assoclated w1th,aa;d tradk.
. .- se_ctic_;n. | _ | ' _ |
| | 120. The apparatus of clazm 113 uheremn 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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'%@ %ﬁmﬂ@%ts those bits which are sup?j‘l 2o ad-tw gm
:E&ﬁ?ﬂ;* eF“l ornr—hT7nkh110m—~a+tEf a 14 b?ﬁaggt '“

--synbol is serially read out of the regi st

.produced by a margin bit generator 50 it Si}“mlﬂ“ulw l,lﬂﬂll?f the regl ster.

- Parallel-to-serial register 19 is clocke cl ock dygpge @
frequency of 24.4314 M+z:such that the serlal b|t out put rate ggorrelFics

19 is 24,4314 Mops. These ‘serial bits are nodulated by an NRzI nodul ator- 20 .

and coupkegok@ 38i8UAPOL 2Afbpmaticarihngn dpislicwkicn crod\Agion il ddid -
Jalso are fed back to a DSV i.ntegrator 40 which integrates the DC conponent:
of such  peegekisbarea.The DSV integrator thus accumul ates the DSV of the

data synbols and nargln bit ‘patterns.
: ' The apparatus of c1a1m 120 whereln said MPYG=-

'-_compreased video data is selectlwely-comprlsed of 1ntraframe
encoded plcture data or predzctlvely encoded picture data: and
said amoc 1nformatlon Ldentzfles entry pornﬁ sectors in each user
track contarn;ng Lntraframe encoded pzcture data. -
| 122. The apparatua of ‘Claim 121 wherern sald recordrng
means is further operatrve to record a pluralxty of entry point
-‘flelde 1n an entry poznt aectlon of said appllcatzon Toc reg;on,
~and t¢ record plural track sectlons in sa;d applrcat;on T)C
ereg;onp each track sectlon being associated with a respec.;ve
. user track. and sa;d rnput means is operat;ve to prov;de 2ach
_entry po;nt fleld w;th a sector address represent;ng a mector Ain
a uaer track conta1n1ng a beglnnrng portlon of 1ntraframe encoded i
r{.prcture data, and to prov;de at least one entry po;nt fleld |
pointer for record;ng in a track sectzon to identify the entry
"poznt fleld containing the sector address WhLCh repreeente the
sector in thch said beglnnlng port;on of lntraframe encoded
' pxcture data is ~recorded.
| 123. The apparatus of Claim 122 whcre;n aald 1nput
Hmeans further provides data repreaentxng the number of encry
'pOLnt aectors recorded on said disk and said. recording means is
-operetxve to record_sa;d_data 1n sald_appllcatlon Toc_regron.'
o anamﬁnuuﬁw SR B 123 N“‘““““———;c;__;
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mgﬁlﬂ“ e m ﬁ% accordance With the flow CHarsres e m
sho M on Wa&ed—byehiwaveforns Q‘ m

may be a .digi tal si gnhal processor, . an arit

Figs.. 29A~29D. It is appreciated, then, {Mhe mar gi n ‘bit geper at or 50

LR I Fr—

.Thus, the appropriate margin bit conmbination is Sel Bct®ed *i n orq‘ 01/dd-3193
mninize the accunul ated DSV.-will obtain as a result of m subsequent ata

-synbol s.
.pattern is inserted between successive 14-bit data synbols: As a result,

The foregoipq. hmed@;s;sum PE NIt VS Wherdin\iiall. FaBirdihgi t

each 8- bimedys ereoo:odsnvm:l.édmm-ecm;izﬁeaaed cbait@osydami aﬂdjsazi.&duﬁpmadl
-pat tern.

A preferred enbodi nent:

- audio data as. chapters of user. :.nformat:l.on and 19 operat:L e to .

: _.record a plurality of chapter sections in an appl:.cation "oc

. reg:.om and said :|.nput means provxde- for record:.ng in said

appl:.cat:l.on TOC region mformat:.on repreaent:.ng reapect:.ve

E chapter :.dent:.f:.cat:.on. predeterm:.ned parametera of the. M*El—

comprtzssed v:.deo data and the compreaaed aud:.o data I&GOI#IEG in

sa:Ld mepect:n.ve chapter. and entry po:Lnt data 1dent:.fy:|.m; entry
. po:mt aectors in ea:l.d respect:.ve chapter in which selected MPEG-

compresaed v:.deo data are recorded.

125. The apparatus of c1a:|.m 124 where:.n Sald record:.ng

means ia further operat:.ve to record in said appl:.cat:.op 10C

| reg:Lm a chapter name sect:Lon conta:.m.ng a pluralzty o:E name

--f:.eldm and aa:l.d :anut means is operative to provide for

'-recorti:.ng in a chapter aect:.on. as :.nformat:.on repreaent ing -

_ recorued. =

: chapttnr :.dent:.f:l.cat:l.on. at least one name pointer to iden ...:.fy a

_ name field in which the name of said respect:we chapter ia

_ 126. The apparatua o:E c1a:|.m 124 where:l.n gald input

_means further prov:.des. al ‘said :Lnformat.‘:.on representlng chapter

-_ :Ldent:Lf:.cat:l.on' track number data for :.dent:.fy:.ng the use: track

.:.n wh; q&.h said reapect:.ve chapter is recorded.

5093 MAR/JL99.4PP ) - 124 \
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~of Frown Girtisp Niefis Saliicd nbW RKD 8188812 ni nat es t he generation of margi N¢FERN L m.
+ pat fuMinctoshihates @i Semrat R SEPRPURLEMRNI ( ed DSV and—which_is constrai nedp §2 of 66 .

.run length linmted (2, 10) code now wi'l | ﬁﬂ@g crlbed Refe;glng to Fig. '

--30, a plurali ty of "fundanmental conversio &ﬂ,’fm d, for
' exanpl e, four conversion tables [err] and u

nt al s
- conpri sed of two separate tables, identifieé by the 'sdbstri pt PT 5y _b@me h
of which converts an 8-bit byte into a 16-bit symbol having positive :

“and the other conves s ¢ Oty 10 whehethl sl GV N0

. negative DSV. The taZ)Tes are categorized as foll i-f the last- it of the
i mTedl at ﬁéxnarzﬁﬁeheﬁ é@o@iaeﬁ ym'cﬁldsmﬁeﬁ da]ta (Io:d' f:.dent:.fy:.m the

N numbe: of aa;d respectlve chapter.

| 128. 'rhe apparatue of: Cla:.m 124 where:m said input
_means prov:.des. as sa:Ld information representing chapter _
'identa.fz.cat:.on. category data for :.dent:.fy:.ng a category “ype of

. said respect:.ve chapter.

_ 129._The apparatus of Clazm 113 whereln each se'tor in
aat least said user tracks includes a sector header at a lcadlng
".portlon thereof: and sald recordlng means is operatlve to record .
h'ln sa:d.sector header. a aector sync pattern, a sector addresa.
i an erxor detection code, and subcode data.
| _ 130. The apparatus of c1a1m 129 whereln Sald aum.ode
.'_-data in a grven sector anludea a: aubcode ldentlfler and aubcode
o Lnfornmtzon of .a type ldentlfled by said suboode identifiar.
| 131. The apparatus of-claxm 130 wherein said sui.code
identifier is a'auhcode addreas. '
| 132. The apparatul of clalm 130 wherein sald ugur
Lnformatron 15 p:ctura Lnformatxon reprasent;ng a reepect re
';plctu:mp and said record;ng means 1s operat;ve to record aid
. pmctuz= 1nformat1on 1n at least one sector in said user t:-acks,
':and T record as subcode inrormation rirat distance inrormaticn
"~._repreaﬂnt1ng the dlstance from $aid glven sector to the aector |

--_:.n which picture :.nformatlon representlng a. next precedin¢
: 'soss.mn.!.m.mn I - 12% _
- This Sheet Has B
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66 Irine Cirtis] Xdroio &iShifad of @ G120 BHAVRI t symbol end as "10", the next L5e-pi4s 11:%
synb!ﬂ M Stoghdliatse Gwd- mmmmwm tabL%Peu—}—depeﬁw—ﬁg—upon whet [Rpez? of

it is desirable that this next.selected 16-bit symbol exhibit=a positive

'DSV (thus calling for table [err]) or a neg M"Hﬁm Wllng f or
“table [err]) If the inmediately preced| ng 1Eﬂ“m“ lth two, _

‘three or four successive Cs, the next- foll ow" ng 16 bi't synbol 's  seRATENT
fromeither table T2 (that is, fromeither-tabie [err] or tabl 4504003193

| If th ]
Hr?r;nd;[ g? ?J%’(g"ce 1 nﬁéi%z‘iﬁ‘{ %’ﬁt’a leﬁfj%eﬁ{ir gi‘ﬂbﬁﬁt ‘a"ﬁb 3"[‘5&?}& t e §re senting
SUCCESS| Vind™us §t¥nde dedi | il %‘Je@; Ride i) &%g?eﬁ.nf LRILLab! e

‘[err]. The first 16-bit synbol I.s generate
o picture 1nformat:|.on repreaenting a next follow:.ng p:.cture is

recordad. _ .
| 133. '.l'he apparatul of Claim 130 where:.n said en: ~oding
o means cotﬁpr:.aea means for compreas:.ng a predetemned d:malay .
'aequem-e of picture data in accordance with select:.vely ds.fferent | _

"I:ypes of compreae:.on—encodx.ng technzl.ques. and said aubcod

J.nforn@ta.on :anludea type ;dent:.f.ylng infomtlon for :.dem uzlfy:.ng' :

c the type of compre351on-encod1ng technique that is used to
-ccmpreas the data zecorded in said given eector and seque:ce
'Lnformatxon for Ldentxfylng the locat;on in saxd d;splag Aﬂquence"
: of the p;cture zeptesented by the compressed p;cture data that ie
fzecorced in said g;ven sector. | ' '

134. The apparatua of c1a1m 130 whereln said ugwr
Lnformﬁtlon 13 varlable over tlme. and aald subcode Lnfoznatmon |
1nc1udaa 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 )
opt:l.ca.. d:.sk. | |
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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te romtable [err e Hlpm

fsglmlt) s m %ﬁ% gwgﬁ@%r] —di-ffer—from each ot her |n theﬁﬂfm

follomnng i nportant respects: all 16-bit synbols r ead fron1table err] o

‘include a "O' as the first bit and a "O' aj m,ﬂﬂmwm’) "16-bit

synmbol s read fromtable T3 include.-a "1" a rtéenth bltEﬁé_

a "1" as both the first and thirteenth bit. In thé 8%t ot 16 convgééigﬁa 3

‘scheme used with the: present invention, it is possi ble that th séﬁ%

16-bi t sym ;@%ﬁﬂ%ﬁ%&eﬁahﬁ@a' EoE:EiBQEEEJ.&R Lfﬂsﬁiéfseeﬂa?e bbe %&S
,Fbmever tzacirgnd a sector conf;gurat;on of each of aazd plural;tf of
sectors. |
| 131. The apparatue of CIaxm 113 wherein aaid ”0*_
-1nformatlon includea data representatzve of disk size. |
138._The apparatua of clazm 113 where1n said TGS
“:_1nformatlon anludea data repreaentat;ve of a time code
assoc:ated with sald user 1nfbrmatlon. |
139. The appazatue 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 selected playback speed. | '
' ' - 140. The apparatus of.CIéim 113 wherein seid'en~eding'
- '7r”means 1alcomprxaed of means for rece1v1ng said user and mac
| ilnformatzon as. anut data. meens for 1nserting C2 and c1 nold
sectiona at predeterminad 1ocatlons 1n said 1nput deta to thereby S
"fbrm prelzmlnary c1 worda comprlaed of plural data symho]as means-.l
for generat;ng C2 parlty aymbols in response to a predetexmlned
- 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 C1 parity ;

_symbols ;nto & CI-held-sectlon te form a Cl code word, wih a .

sooﬁ.mls;pa.m . 127
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67 rmurs mns%mmuu ntative of one of these bytes |sﬁ)ﬂeﬂﬂien,31p'
" the el Ypsh %g& at B W oduced"tWTt‘arbl—e—feﬁ—]——whereas Dy f&hof 048
the 16-bit synbol representative of the ot he duced the o
' next follow ng:16-bit syrrbol i-s produced fro m”' i’ﬂ
_appreciated that, by recognizing the table fr

oI | owi n
16-bit synbol is produced, discrimnation between the two byt ez“'&/n Sﬁ
- nevert hel ess .are converted into the same 16-bit synbol nmay be?PB49 1'9193

'achieved t ' =hi 1. e ng_th
val-ue 10° and i E g 'bdt aﬁ%&a?%gﬁsaﬁu ggﬁaﬁo?ﬁg %83%%?1556{‘33_?6_15%_ |
- sane 16- faungsymwa:mlwaw%%ﬂahomﬁaa&a &s&al But, when this 16-bit
'synbol représents the byte having the value 10, e next-follow ng 16-bit -
~synbol i's produced 1f4110rrmxaabhpp[acathav\ber eaamhmaotmeeémea@icdrééobaing
" synbol
' means further :anludes means for record:.ng 'I:he symbola of the €1
code vords in a symbol sequence d:l.fferent :I!rom the symbol
sequernce of said preliminary C1l’ worda. _ _
L 142. '.I'he apparatua of c1a1m 141 wherein a prel:.r.u.nary
'; ) c1 code word is compr:.sed of odd and even symbols and whe:rein
ea:l.d means for reeord:.ng is operative to record the odd aymbols
| together in an edd,_ group _and_ the e_v_en_ symbole together in an even
- 143, The apparatua of Cla:Lm 142 where:l.n each cl c‘ode
'word 15 formed . of m symbols :mclud:mg 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+ 2%j - (m-1), when § = m/2,

whera 5% is the aequent:.al order of the prelinu.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
: eymbola are recorded on the d:.sk.

[BOSS.MAR/3103.0PF | e 128
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remsmmmbwam\mngzxmw ue 20, the_next-followi ng 16- big 638385 011:32 pn
~i's plaplin Gkt - oy ot EEHEBBRENIS®Y sy nbol  0010000100100100 4 s [ 838 of 849
- denodul at ed, it ‘cannot be det er mi ned i medi represents o
the byte havi ng the value 10 or the byte ha m" ’m m,@,’ﬂﬁﬁ But, when
the next-follow ng 16-bit synbol is exam ned,* | tc::8"-Con hat. th ENT

- precedi ng synbol 0010000100100100 represents the byte 10 if thg Eﬁ 93
" following-symbol is fromtable [err] and represents the byte h v é Tﬁ%

whether the next-f AMwTHE FERSTAEER o c1alfl 133 aﬁ%f'éf r?? 3%“2’ W)
‘the dem%ﬁ&ﬁséserae'm%lm §6a Brcbhgli st | -

145. The apparatus of c1a1m 113 where;n saxd modulator

omeans;comprmaea an. n—to-zn modulator in whzch -ald TOC and user
Lnfozmatmon are supplied as npbmt bytes, zncludlng plural storage )
o:tablea. ‘@ach for stoz;ng 2nrb1t aymbola oorreapondlng to
.._IEBpeﬂtlve n~b1t bytes; means for zead;ng from a aelecteo one
' #torage table a 2nnb1t symbol 1n xeaponse to a supplled n~bit
fbyte: and neans for select:ng ﬂald atorage table as a funatzon ofl
:;the precedxng 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 the same
. n~bit byte.' |
148. The apparatus of Claim 147 where;n the 2n—n;t
-aymbolu storud 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 & -

pmedetoxmzned number of preeed;ng 2n=-bit symbole and means for'""

.- m.'a_.mmm.»r S . 129
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© ancteeh,Certiscertis M@W’btﬂﬂﬁéuh ng synbol ,--as—di-scussed abd® 8- QT2
[err}" @?o"’s'& "ﬂ%ﬁwude _pit symbol s havi ng a DS m"“"

“whi ch increases i n the p05| tive directi o U MJuﬂmﬂ -bi t synbol S
e negative

“direction. ‘As an exanple, if the value. of an 8-bit" by e Ts Yess tha (i,
this byte is cohverted into a 16-bit synbol ‘having a rel atlvelx I‘&bgé
.Conversely, if the vaI ue of the 8-bit byte i's 64 or nore, this

~convert edyd O ?1 ;[Fm HBid G 5 Finctith oFene aﬁnlahta w-ﬂmlzsof
whi ch are” store n. ta err] have positive DSV-and those 16-bit symbol s

- whi ch ar en @i %gghlghaa&ﬂ@ adciiiatepaswe ‘DSV. . Thus, an input byte is
..converted into a 16-bit synmbol having posi tive or negati ve DSV, dependi ng

upon -whi ch tabl e’ i s156 enppatdims (inme:epmd,um datay fron en M’-DS\I is

| ar ge or
g : d:.sk having a d:.ameter less than 140mm a th:.okness of 1 2mm :t

o 1mm and a record;ng area dxvzded 1nto a lead-in area, ¢ program
area and a.leadfoutne:ea. and wherein said data is recorced as
embccrssed éita repreenting' modulated,-z error-correctioh esaccded
user ;nformat;on 1nc1ud1ng HPEG-compresaed video data and |
compressed audlo data Ln sectora in user. tracks in said ptogram.
'iarea. represent;ng modulated, error—correctlon encoded ble 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 tracke.'and
. :epreeent;ng appllcatmon table of contents (ATOC) informaiion in
. jsectore-in atlleast one track in said'program area related to |
'sazd MREG—compressed v;deo and ccmpreeaed aud:o data: the tracks
" having a track pitch in ‘the range of 0.646um to 1. ospm aa:l.d
apparnt'uo compr:.s:mg means for rotat:.ng said dJ.sk to obtai in a
constent 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 apat:.al frequency £ ia less than the track 'pitc’-.-«'. A :i.s
| the wavelength of the pickup laght beam and NA is the numﬂrlcal
. apertuxe of the 1enss demodulatxng means for demodulatlng the

'data read from sa:.d dlak. errox correcting means for erro:

L soss.mlma.m . S 1_3.0. _ _
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S NErbd: CurdBp B ﬂg:; at Wh@12y #8201 t he i nput byte that is conver t@d 11-33!'_
tabﬂﬂdh{wglﬂ‘am 3t @ HPPGPBUBBURIP e constructed as ROV 62-69. A of 640
i nput .to be converted i's supplied fromani in comon to - .
each of these ROME. The pair of tables [errrml“lmmmmmm table are
-coupled to a sel ector switch mhlch sel ects one br-the otthef table

read out therefromthe 16-bit synbol which correspondsto Lﬁéldﬂi qgggéf
.- read out therefrom As shbmm selector switch 71 sel ectively couples

., out put frgrgéé@#s [ene] o %@gé&&%ﬂﬂai nddha £61 dethitatlifig hork e’i&&Ut put

swiitch- 75 a?ly, SW
corrected data into TOC 1nformat10n. ATOC informatlon and user

1nformat1ont and’ control means respons;ve to eaid TOC
information to access and read selected. user tracks-in re&ponae
 to aeaess inatructlons from a uaer and responsive to salu ATOC
1nformation to reproduce aelected.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._-' SR
152. The apparatua of clalm 150 wherein at leas: 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
-',inszmation ldentlflee predetermlned parameters of the MP%G-
__compressed video data and the comprelaed audlo data reeorded in

reapectlve user tracks. |
| | 154. The apparatus of c1a1m 153 wherein the. MPEH--
"_fcompressed video data in a respectlve ueer track 1s encoced in a
-fselected one:of plural-vldeo ccmp;ees;on formatsa., the compressed
'audio ﬂeta-ie-eneoded in a EelectedIOne of plural audio furmats.
.and said ATOC Lnfo:matxon 1nc1udea pluxal format ldentlfltt data
- for ldentlfylng the v1deo compressxon and aud;o formats uaed in

" each user track.

ﬁnammnbamw : 1:' L ‘131
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Sel Brox: jCarbisy Rartii | Sefdord abME2I2) 487! 3! € T2b to an input_x2 of swil@&h 1133
Swi t ¥ B lodltn BP0, | or table [err] to input x3 ol 3ol

switch 75. SMntch 74 selectlvely couples ta l ﬂ" err] to
‘input x4 of switch 75. Qutput. switch 75 sel “ aﬂu Hm H E on of its
“i'nputs xl-x4 to an output terminal 78 under eccortrol %of *a tJ e $f r

76. Sel'ector switches 71-74 select’ either table [err] or table 1 1
- control of a .DSV- calculator 77. The'16-bi't- synbol which ultimately 1s '

" supplied to output 7852 sge Bl d0 diifint ANee WhRIrREDadlr! AYed he DSV

~calculator, as; |Ilustrated abl e selector 76 senses the ending bits of the

16-bit Sym%nwmi; efnd Iwdes vd (piratetier @dqtiiion eontaininsg = pdetalittye

-whet her fundanental. table [err]- or [err] should be selected, in accordance
Wi t h- t he: ¢fipacandter | ﬁgemmeaeihspa:nm&w&@ommnqoﬁr formadd Ibhat

‘the table selector thus contrals switch 75
’ : code xdentlfyxng one. of a v1deo eempreaaxon format or an aud;o

format._and plural track sect;ons. each belng associated with a
respective user. track and each contaxn;ng at least one perameter
f;eld po;nter ro_deslgnate the parameter;f;eld containing the
. format ID code which jdentifies the'videe'cempressien foxrimat or
audiofforﬁet of the uaeriinformation‘reeoraed'in:the aseeeiated
user track. o | | | |
| 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
f1e1ds. thereby Ldentxfylng the v1deo eompresa1on format and the
-  aud;o :ormat of the user 1nformatzon reccrded Ln the user track
_ aasoc;ated w;th sa;d one track sectlon. '
- 157, The apparatus of c1a1m 150 wherezn said ATOC
informmtion.Ldentfoea as entry poznts part;cular sectors in eaeh
'user 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
:p encoded p;cture data. or predlctlvely encoded plcture datae and
' sald ArOC 1nformat10n ldﬂntlflel entry po;nt sectors in earh data |

track eonta;nlng Lntrazrame encoded pzcture data._
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t OByl Gaetls, Wiweis BOSalfurd b {250 OBHOL 1 L oy t he proper fundarrental tabl ®.” Fh el of 640
exaltyl ke, Hskikateu Ono;- Soug; of @ PIRIRRPLIIEAINE i+ symbot—suppried to out put L] _

termnal 78 ends with six, ‘seven or. elght succ ch 75 is
controlled by the table sel ector to couple i mﬁﬂlﬁg‘ J‘eh’tbut put
term nal such that the next-" foll owi ng 16- b| seae friom PATENT
fundanmental table [err]. DSV cal cul ator 77. calculates the~ FOG3 IR,

which is updated in .response to each 16-bit “synbol supplied to output

terntnal 78. |If thgspsvwhgcggﬁggatua 6becme$mt153'dheseinomsudfhm@gtculator
77 /70 controls selector swtches 71-74 to couple the outputs fromtheir

respecti ygrbzipla®3 obinbludesyansenyryi poiht aectiohacontabwuing a
' pluralzty of entry point flelds. eaoh entry po;nt field

containing a sector address represent;ng a: 5ector in a uaer track
oontazﬁlng a begznnlng portxon of intraframe - encoded plcture

' data, and sa:.d ATOC informat:.on further :.noludes plural twack

- .sectxons. each be;ng aasoclated with a reﬂpectzve user. track and

.'eaoh eonta;nxng at 1east one. entry polnt field pointer to

r 1dent;£y the entry poznt fleld oonta;nlng the sector addreae

" which represents the sector in wh;ch aa;d begznnlng portion of
j-:I.ntr:atf;:'ame encoded- pzcture ‘data. is recorded. '

1G0. The appa&al.us ol claun 1.:9 whex.ea.u aa.;.d ATDC
inforuétion further includes data representlng the number of
entry po;nt sectors recorded on said disk.

161. The -method of c1a1m 150 wherein said MPEG- |
oompressed v;deo data and samd oompressed audio data are recorded
as ohapters of user xnformatlon: and aald ATOC Lnformatzeu

tconta»ns a plurallty of chapter aectlons. each conta;nznr
1nforuatzon repreaentlng reapectxve chapter Ldentlfzoatlen.
pxede,ermzned parametexs of the HPEG—oompressed v;deo data and

tthe cempressed aud;o data reoorded in sazd respectlve ehmpter.

' and extry point data ldentlfy;ng entry po;nt-seotors ;n gaid
respeetite chapter.in.whioh seleoted MPEG~compressed vidéo data

~ are racorded.

5095 AR/ 3193 APP | o 133 . o
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cal gug: Bletid, RePrik @ GifRas ot B2izhewwBat i ve direction, selector sw tChesesrtas pfac s g
are Do.rioshlioti By -t Soy DT HSBEULMTYESIBo coupLer_t_h(,Lgut—puifwem_L_el r D635 of 640
respectively tables [err] It is expected, therefore, that if thQJ'receding
16-bit symbol exhibits a | arfger negative DSV, mﬂlll II]E‘“H“M“L > dontrol | ed_
to select the next 16-bit synbol having a posi
table fromwhich this next 16-bit symbol is read |s 6etern1ned @%t%gﬁ
selector 76. Thus, the accunul ated DSV is seen to approach and é

about 0. An exarrpl e % 6 tO- 8‘51%&};& cqcknv(_elr zlélh%xér%; -\qu QP Qe or

conpatible with the Sstrated in

Fig. 31 %ﬁ%?m%@‘gﬁ}%ﬁ Soith A 1 iy T BRI ek Bald

"16-bi t Sy such t es arfe identified as tables

Jerr] anﬂnESfﬁitibﬂS£ntah$ﬁspmaw §EbﬁﬂcﬁExhpred&ﬂﬁiﬂh4cﬁihte&6 and 87. It
i's ex ected-
: P _ 1dent1fication 1nc1udee at least one name po;nter €o Ldentxfy a

name ileld in which the name of sald reapectzwe chapter 11
_xecorted. | | - | ' '

163. The apparatus of Claim 161 wherein said
-Lnformatmon in a chapter sectlon representzng chapter
.1dentrf1catlon includes track number data for 1dent1fying the
user track in whlch sard respectlve chapter is recorded.

164 The apparatus of c1a1m 163 where;n sald
'1nformation in a chapter sectlon repreaent;ng chapter _
e1dentrf1cation further xncludes chapter numbher data for
;1dent1fy1ng the number: of said respect;ve chapter.

_ . 165. The apparatus cf CIaLm.161 where;n gsaid
' glnformatlon in a chapter sectlon representlng chapter
'.:1dentxf1cation 1nc1udes category data for zdentlfyang 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. pgid_sector header containing a sector EYRC

=p-atter_n..-e aectcr-eddreasa_ah error detection code, and subcode

data.
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thahﬂe&QEHBM@ﬂfﬂ corresponds to two 16-bit syﬂb g
"one FRairigshiiatsy %ﬁ%%éexm bi ti ng negative DSV. Uﬁm of 83

AIternatlver, if the 16-bit. synbol is usei“ﬂlﬂ each 8 bit
byte stored in a table- may have two read a ﬂuﬂm WE@FIN herw se, each
{8-bit byte. may be stored in two separate redd address [so ; A
‘termnal: 81 is ‘supplied with a 16-bit symbol, a@gN\Tmegw@prBu“ 93
Itenporarlly in‘a register 82 and then 7 1 coupletFr= -nf-n to I nver se

conversion tables [ggf] e afihdidtus B Ui 68 Wiertin Baidmu
[input terminal 81 and to the output of register 82 sqo that it |s suppl ied
concurrena&ua in a given sector includes a subcode identifier and mubcode

- lnformation of a type identified by aa;d subcode identifier.

i o - 168. The apparatus of CIaim 167 wherein said auhcode

. | _ 1dentif1er is a subcode address. :

: 169. The appsratus of. Claim 167 wherein said usar

b e _ 1nforma£;on za p;cture 1nformation representlng a respecnzve

| a pxcture, samd 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 dmaeance

. from ﬂﬁld given sector to the sector in which p;cture Lnfgrmatlon

E' ' 'taprengnting a ne#t_preceding picﬁura'is teqordad and second
| dietampeeinfbimation repreaentiag the.distance_fzam said given -

sector to the secfor in which pictufe infoimation fepresehting.a_
- next following plcture is recorded. |

E“' ' I 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 ‘ex
1dent1fy1ng the locatlon in Bald dlsplay sequence of the nlcture
repreuented by the'compmeaslon—encoded data that is recorded in
said glven_lector.
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Wt Rood: RG] o560 Wl Stirg Ge@ @) gzt synbol and the i mmediatel y preceds 11533 pm
16- bd: mymhthemmammM 83 may be thought of as bd} A of 048
supplied with the presently received 16-bit synbol (fromt ut put of

regi stier 82) and the next-follow ng 16-b bl geseT
coupl ed to an output selector switch 88 N"'mnma"l”m”mwt put
-ei ther conversion table [err] or conversi dn tablem T2 of c
[err] or conversion table [err]. The manner in WhICh_ table sele

t 11 ' fdr 'ﬁ;qm_itht
?ge}i)?ogﬁcggmﬂ Vr;llme‘dl a?gges'?%l? ﬁﬂﬁ?ﬁ érarre sync pa ern lsssérig rom 2 -
conver si OEn?'S‘%ﬁt&SU ;.a' GaEiﬂbléoovgﬁbtl:fméel &6d QafiP ddbodd SirtiSdtion

detect th& Tranme sync tern so as to.control out put switch 88 to couple
table ITl:.hemaieaunﬁerabael défa répreceﬁﬁugotmnbm:ﬂ:ﬁa it véyistol

may repr esent :
aa:l.d vaer Lnfomat:.on :s.s recorded.

172. The apparatus of Clalm 150 where1n sald TO; ‘
Lnformatzon is- representative 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
_sald at least one TOC track, and sector conflguratlon-of sach of.
said plural;ty of sector-. | | | '
- 174, The apparatus of Claim 150 wherein said TOC
.'1nformat1on anludes data repreaentatlve of d;sk size.

175. The apparatus of Claim 150 wherein said TO?'
1nfornatxon anludea data representatxve of a t:me code )
_aaeocrated;with_ga;d-uaer 1nformat;on.

176. The apparatus.of Claim 150 ﬁherein said uear |
_lnformatzon is rapmoduclble at a selected one of plural playback
.apeedsa and said Toc information lncludes data repreaenta*1ve of

. said aelected playback speed.
' 177. The apparatua of'Claim 150 wherein said error-
correction encoded Lnformatlon is formed of a pre-establ;:hed

' num.be: of c1 code wvords. each c1 code word conta:.n:l.ng

. §005.MAR/.193,AFF _ . N 136
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on@rowr Curthiss Neprisch Saffprdtah & ’fw 8-bit bytes, table selector 83 ¥gH “;f"!;
whetnehe. fnshikatandna + Semy 86,8, g ol | —as_suppLLed_lhereto from i ngdf

termnal 81, is. fron1conver5|on tabl e. T2 or conversion table T3 Thi s

determ nation is nade by exam ning the f|r 'I of such
next-followi'ng 16-bit synbol. If the table Mmm) I uﬁtmunt h%i i't h
next-foll owing 16-bit symbol is fromtable T2, out put §mﬁvch=§§5¢§o f“gly
controlled. REPLACEMENT SHEET e . .. 5 SEP 192 72 to select the i1 nverse :
- conversi Qa e LW Symsaﬂ&erba iahea.éﬁ byi.bsxsbeacﬁrefemidnpmvweﬂvaa ‘the
out put - 0] eglster 82°to

: from an 1nformation symbol xncluded in a preasszgned number of cli

code words, and Cl parlty symbole 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 Lnoluded 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 sa;d error correct;ng meana further 1nc1udes rearranging
means for rearranglng the. order of the symbols 1nc1uded iv sald
error aorrected cl code word 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.

8095, MAR/3; 03.2FP o 137 —_—
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l--prqm;rm&iglﬁ,“hygmmqalmdmrm ation |s carried aout when table @edaqg-tss)ruﬁ,.- |
83 mnmey@WMemuummmmlt synbol" had—-been-read from anlm _

'conver5|on table T3 inFig. 30. The pres on conv
byte into a 16- bit synbol, whereas the am m’ypimﬂmm ‘A8 BEED| ﬁ byt e
into a 14-bit synbol and inserts three marqgil n é%%cessnve
symbol s. Consequently; since the present inventien uses onF‘“TG “*bj PATENT
its bit stream as conpared to the prior art use of 17 bits, th$5ﬂ%99T§%?§n

techni que of the pr effective r ion.in

data of 16/17,: or - § at Eé?g%EF?E resg éiﬂ%? ?ﬂ%éﬁ??ﬁﬂl?s %guﬁid?g??y |
liPS'eleﬁ'a%aud%% T2 93 W bbrSRRP hEladthd o ARGRIAL fon SepRRLPR. 0T ©f
. particul ghlefelschnd NN areCenbegeraydanartndreing digital video discs (DVD)
on which video data and. its aSSOCIated : _
= (k/m) - (km0§2) +1
j = (m/2) x (kmod2) + (kmodm)/2
"ﬁhére i_is'theﬂgequential oxrdexr of the ergor-QOIIécfea.CI 2ode
| words, j is the aequegtial order of the arranged séquence of m
{qymbola-iﬁ.éach_er:of—eorrectedlc1,codg-wbrd; and k is the
_disarrnnged'oider in'which'thé-m symbolswaie recorded on the_ _ 
disk. o B -
| 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
a -  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 Claim 182 wherein said RLL. 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'o;f Claim 184 wherein said .RJ-:.I.
- decoder compriaea'a pluralitylof étoiagé-tableﬁ. each for aﬁoring

5095.MAR/3103.2PF - ' . 138
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aud-i-@ Al 1S e MRTRd winew-sAat a i s conpressed in accordance widhg3-1395 1% pn
MPE®: ummnummammmudeo dat-a—-s-recorded on the di sc.lﬂaﬂm
'subcode information included in each sector header (Fig. 10) |ncfuup¢1a

. Subcode address having the value 3 or the va I utStBH
subcode field .appearing as shown in Figs. I| Imnlﬂ lm aj Lﬂﬁzo_d_e_
address value is 3, the user data recorded in t hé séctbr COR or e _PATENT
standard | SO 11172-2 ( MPEG 1) or | SO 13818- 2 (NPEG 2). Data t h@P1P9-3193

B i i L

tahle as a funet:.on of a preced:.ng 2n—b:.t :.nformatz.on word . read

=211

. £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 ﬁo contxrol the selection of said o;e ox
'said'ether-table asea function of said next-following 2n-bit-

- information 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.

S

e

eet Has Been Replaced

e v

Received Tine_ . 15.Mar. 9:55  Print Time  15.Ma: 10:28



L ' e-.T"14:49 SONY FOREIGN PATENT +81354483063 T-584 -F. B2
di fxinﬁfﬁme ishemivuiahee LRaiziz)cgse8d the sector which contains this @uistIds L

- and thie. Nasksikhteuclive dmmsemaumwmrew ous | picture or next-follow n% l3033_n!‘053
__picture-is recorded. It is expected that an | pict $1é%1 - b
‘i ntrafranme ‘encoded plcture “as nenti-oned previousl )

N two- or -

" nore sectors. O course, each sector includes a hejader mpveL_m;hem . _—

distance dabaUe iokSek ?"meww. rgﬁe@ﬁﬁ RO (81025733,

|- picture or next- foliomnng TRty =hdw aN | picture is
‘recgrded partially . in one séector ’ frot her, the sector .
heager of the "othgg u d t Lﬂﬁég r t 0

-di'stance and the nextoﬁgg aﬁggklﬂﬁgxﬂg ? That E Qég?hghgﬁe§?g§§ fiad.

. di sgancegagibhfesexbt! 1J2anance. 2, Om.tﬂ hhplﬁubmﬁzﬁy addfeasmai:sacka 4,

-the subcode field.appears as shown in Fig.- i E and, as menti oned. above, the

DICBUFG hav;ng data ‘recorded thereon as . embossed plts representlng

O,

6 '1nformstlon and exh;b:tlng a track pitch in the range between

7. 0. 646pm and 1. 05pm3 thh the tracks be:ng dlvided Lnto a lead-ln

 81; ‘arear a program area and a lead~out area. The data anludes

9 table of contents (TOC) 1nformation recomded in a plural;ty of
e;o.‘ -sectors ;n at least one Toc traok and usexr. 1nformatlon re.orded
e_ll- e in a plurallty of sectors in user tracks. The user Lnformat;on

'12':, 1s oompt;sed-of-MPEG-compressed v;deo data. ﬁhioh'may exhibit'any

o13_ f:one of dlfference MPEG formata. and oompressed audlo data, whlch
_114 n:'llkew1se may EXhlblt an HPEG format._a bcn format or ‘the .Lke._
-' i5:i;eThe O lnformatzon 1neludes addresses of etart sectors recorded

16 siln the user tracks and also includes applzcat;on table of
: 17_el-conten*a (ATOC) lnformatlon whloh 1dent1f1es varlous paraneters ' .
e:la.';_for ‘accuessing and usxng the user 1n£0rmatzon.- The data. (koth |
19 Jeuser, oc ~and Amoc lnformatzon) is encoded in a long dmstance
1:2O;f'-error eorreot;on oode havlng at. least emght par;ty symb°1ﬂel'
e,,;;—————‘”*""’—
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Crigine]_abefruet- oot
type data indicates mhether the video data that is recorded in onpﬁessed '

formin this sectar is |, P or B picture data and the tenporal reference
data indicates the location in the sequence of pictures in which this
particular video picture is disposed. The sector in mhich an |, Por B

picture first i-s recorded is referred to as an
respect | ¥BPRRABYENFOR BEEARPING BNDBRBPE?BVEIHGt€°¥3R3§§§PdEHF§3WéT¥9§|Ilng

portion of that sector, whil.e | 1] iis-corded in a | eading
portion thereof. | | REPLABBSIEAC L A T 95 SEP 19. 74

. .' \‘
'Anibptica§'digk'hav§hg a diameter less than 140mm and,

a thickness of 1.2mm * O.1lmm, with a plurality of record tracks
having data recorded thereon as embossed pits representing

information and exhibiting a track pitch in the range between

0.646um and 1.05um:; with the tracks being divided into-a lead-in \
area, a program area and a lead-out area. The data includes
table of contents (TOC)-information,recorded in a plurality of

sectors in at least one TOC track and user information recorded

in a plurality of sectors in user tracks. The user information
is comprised of MPEG-compressed videé data, which may exhibit any
one of diffe:énce MPEG formats, and compressed audio data,.which
likewise may exhibit an MPEG format, a PCM format or the like.
The Toc.inférmatioh includes addresses of start sectors recorded

in the user tracks and also includes application table of

contents (ATOC) information which identifies various parameters
for accessing and using the user information. The data (both
user, TOC and ATOC information) is encoded in a long distance

error correction cede having at least eight parity symbols.

]
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Fi g. 32 is a block di agr am of Tmrmges@ggmea{p@m atus which
to inpyt termnal 121 of Fig. MPEG conpressed vi deo. . dat
i nforhatioh, sypplied as, for exanple, anal og | um nance (

Daret..C Ol o Y.
difference (RY and B-Y) signals.are dightized by an anal o

al
converter 101 dR conpressed in accordance with the MPEG conpression system
by video conp? BRI FCRUREFPRPANG AN RERFRAICI NG COYRRESHE I NFORMATION
sifRtoy Ne MPEG 2 standard

consistent wth thel MPEG i s; _
(1SO 13818-2). The ¢onpressed VI ( ais stored™tn a buffer nenory 103
fromwhich it is suppki edvéRt Boldldte@Xdo h0hokel optiddll evisRgant) hmaxder
data (soon to be describeqd) which then is input to input termnal 121 (Fig.
1). Lnfor rertdeuderivedtocthse dinipr dssadmeithed dit pecnnstied iamdbyéading
menory 103 is supplied to:systemcontroller 110, this infaqrimation being

i ndi cat.i vengermgglogy ghpthe qiet nd thee a@ﬁ?ﬁ@éé@eﬁ“&i%ﬁé‘ﬁa““ that ~

method. 7

‘Ooptical disks have been used as mass storage devices.
for computer applications, and such optical. disks aré known as
CD-ROMs. The disk which is used as the CD-ROM is modeled after

”rtbe standard compact disk (CD).that has been developed for audio
appliéétions and is basically an audio CD with various
impfdvements and refinemeﬁkézparticularly adapted for computer
applications. Using such‘é ED as a standard, the CD-ROM has a
data storage capacity of about 600 Mbytes. By usiné audio CD
technology as its basis, the, CD-ROM and its disk drive have
béqome relatively inexpensive and are gquite popular.

However, since conventional audio CDs with their
‘inherent format and storage capacity have been adapted for CD-
ROMS, it has heretofore been diffigp}t'to improve the data
storage capacity. .In typical computéf applications, a capacity
of 600 Mbytes has been found to be insufficient.

Alsco, the data transfer rate that can be obtained from
audio CDs generally is less fhan 1.4 Mbits/sec (Mbps). However,
computer applications generally require a transfer rate far in
excess of.1.4 Mbps: but it is difficuit to attain a faster

transfer rate with conventional CD-ROMS.
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corresponds to an |, P or B picture, the tenporal sequencefe

ot

pictures in which this conpressed-video picture is |ocated| REHhNXﬂﬂﬁﬂTSHEET
representing the tine of receipt or tinme of recording of the V|dq05d§§PmHBS
etc. The information derived fromthe storgd, conpressed vjd&te dat-a--aftd.-=¥¥...

supplied to the systemcontroller is used to generate subcote

AT O TTet TOTT

that is recorded in the sector header . Is recalled fromFig. 1 that this

| nformation is suppligdy 8{’&&%’ Sélesré‘d%a%rﬁ §£s&e} at‘% de%‘i%thoé

encoder 129 for |nsert|on I'nto the sector er o user

Hp@fetona:

REPLACEMENT &blrlolMd)ata@d. which is due to the fact that the audio CD format

has been adapted for computer applications, is the relatively

long access time associated with acceséing a particuiar location

on the disk. Typically. relatively long strings of data are read

from audio CDs, whereas computer applications often require

accessing an arbitrary location to read a relatively

small amount

of data therefrom. For example, accessing a particular sector

may take too much time for the CD controller to identify which

sector is being read by the optical pick-up.

A still further difficulty associated with CD-ROMé. and

which also is attributed to the fact that such CD-ROMs are based

upon audio CD technology., is the error correcting ability

thereof. When audio data is reproduced from an audioc CD, errors

that cannot be corrected nevertheless can be concealed by using

interpolation based upoh the high correlation of the audio

information that is played back. However, in computer

applications, interpolation often cannot be used to conceal

errors because of the low correlation of such data.

Hence, the

data that is recorded on a CD~ROM must be encoded and modulated

in a form exhibiting high error correcting ability.

Heretofore,

da@a has been recorded on a CD-ROM in a conventiocnal cross

interleave Reed-Solomon code (CIRC) plus a so-called block

- completion error correction code. However, the block completion

code generally takes a relatively long amount of time to decode




75 Audi o signals, such as analog | eft-channel and right- chj

and R dre dit gltlzed by an anal og-to-digital converter 104 a'mﬁlﬁéﬂnﬁﬁShsET
an anal og Hata conpression circuit 105. This conpression ci ficgib ..mayd SCF 1995
operate in accordance with the Adaptive Tpansform Acoustic CGegtihag-—t- gue "
(known as ATRAC) consistent with MPEG 1 audi o conpression or MPEG 2 audi 0
conpression standards. It is appreci ated that this ATRAC technique -
presently i gndS@skd 0 LRATRORES AR gqr Bk 8Prbp &864H v LBe1 Mg tan
known as the "M ni Disc" devel oped by ony Corporation. The conpressed
audi o dat a belsenssl ited Her dnecbfifeissi dm ¢theceavént 0bhdto marltdpdeoebudterare
menory 106 fromwhich it subsequently is coupled to a nultiplexor 107 for
mul ti pl-exi NBEAPERE tie acG’HﬁPEsse%l%%éW%&F§°rAF?EF%?¥%Icﬁ’decéﬁ'ﬁ?éss| on

circuit 105 gg}'rx]nnl?qeueosmél}ee%aggdfép ea %D(l%ohzegrhgggég gr?fya oCnaen E%S technigue

igs used for an audio CD (namely., the CIRC technique), a greater
amount of non-data information must be réecorded on the cb-ROM to.
effect such error correction, and this non-data information is
referred to as "redundant” data. In an attempt to improve the
error correction ability of a CD-ROM, the amoﬁnt of reduﬁdancy
that must be recorded is substantially increased.

Also, it is desirable to provide a standardized optical
disk with the additional capability of having digital video
informatioﬁ recorded thereon in a data-compressed format, such as
MPEG-compfessed.video data and compressed audio data (or PCM
audic data) that can be used as a digital wvideo disk (DVD). But
there currently are different MPEG compression techniqueg, or
formats, available and more may be devéloped in the future. It
is difficult to play back a video program from a DVD if the MPEG

) form;t that had been used to record that video program is not
" readily determined: and this problem is compounded if one DVD has-
recorded thereon different video programs exhibiting different
MPEG formats as well as different audio formats.
OBJECTS OF THE INVENTION
Therefor, it is an object of the present invention to

provide an improved optical disk having particular use as a DVD




sUppI led directly to a buffer rrerrbry 106 as, f.or exanple,_a_l16-_hit PCM
encoded signal. Selective information stored in the audi.@f RgpfAE rafgma '
coupl‘ed to the system control ler for use in generating tfe sulfb ¢ SHEET
information that is recorded in the sectar header. Additifopgk i rlfﬁrﬁ‘ép__i_]g%
identified in Fig. 32 as sub- information, including cha i
graphic and nusical instrunent for digital interface data (MDI) also is
coupl ed tOdPJbbLﬂbﬁX&? veﬁ&h‘éad%@ éﬁoﬁ@rﬁ%&i o £2Y 81 £0d agder
generator 111 which exanpl e, may be of conventional construction. The
REPLACEMENRigHBR4Antages associated with CD-ROMs for which similar uses have

been attempted heretofore.

Another objecf of this invention is_to provide an
optical disk which exhibits a higher access speed, thereby
permittiﬂg quick access of arbitrary locations, such as sectors,
t§ be accessed quickly.

.A further object of this invention is to provide an
improved optical disk having a higher traﬁéfgr rate than the
transfer rate associated with CD-ROMs heretofore ﬁsed.

A further object of this infentiqn is to improve the
accessibility of differént segments of video information, such as
chapters, ;ecorded on an optical.disk; thereby making it more
advantageous for use as a CD~ROM or as a DVD.

An addifional object is to provide an improved optical
disk which stores data with reduced redundancy.

still another object of this invention is to providg an
improved recording format for an optical disk which enhances the
ability to identify and access the video information recorded
thereon. |

Another object of this invention. is to provide an
optical disk having a substantially improved recording density.
thereby facilitating usé of the disk as a CD~ROM oxr a DVD.

A further object of this invention is to provide an-

improved optical disk having video and audio data recorded in



Daie ..S....SEP . 76-title data is identified as fill datfgamd key data—
and is» conpressed by a conpression circuit 112 which encode RERLACEMENT SHEET

in variable run I ength coding. The conpressed title data isjjcoupl
mul ti pl exor 107 for subsequent applicatios to the input ter %?éqpig§§gng

in Fig. 1. Preferably,.multiplexor 107 nultipl exes the conpressed video,
audio and title data, together with the sub-information, in accordance with

the MPEG i 2 5l & Jh ; NEuic
8,17 I, ShalEEER2 SO0, ASplRY ey AU ki

mul ti pl exed adabasi Shékdi £ madfdth Mok Rired candrr e6ohale b O thdl Fecdd8edFi g.
33 is a block diagramof circuitry for recovering the video, audio, title
and sub-i nf datat being atdentiifiedatio lpeamit compatible data recovery.

Various other objects, advantageous and features of the
present invention will become readily apparent from the ensuing
detailed descriptién. and the novel features will be particularly
pointed out in the appended claims.

SUMMARY OF T .I NTION

In accordance with this invention, én optical disk, a
method and apparatus for recording that disk and a method and
apparatus for reading data from that disk are provided. The disk
has a diameter of less thaﬁ 140mm, a thickness of 1.2mm * 0.lmm,
and a plurality of record tracks exhibiting a track pitch in the
range between 0.646um and 1.05pm'with data recorded in those
tracks as embossed pits. The tracks are divided into a lead-in
area, a program area and a lead-out are, with table of content
(ToC) information beihg recorded in at least one TOC track in the
lead-in area and user information recorded in a plurality of user
tracks in the p?ogram area. The user data preferably comprises
MPEG-compressed video data and coﬁpressed audio data., encoded in
any one of different MPEG formats and audio formats (such as PCM
audio), and, advantagecusly. each track contains a chapter of
user information. Application table of contents (ATOC)
information is recorded in the program area to identify various

parameters of the chapters of user information for accessing and



reéorded on disc 100 and that had been reproduced fromthe BREPDNCENENT SHEET
pl ayback apparatus shown in Fig. 2. The input to the data recovery, circuit
shown’in Frg. 33 is output termnal 224 of Fig. 2. This ter 'D@tb:.l.li ..... @Eﬂm

to a demnul tiplexor 248 which denultipl exes t he af oredescri bes=mattiplexed

video, audio and title data as well as the sub-information. The
denul ti pl exor operates in accordance with the MPEGi or MPEG 2 standard, as

Ty be desi (84! 0nSENAALSINSCOMREESIEM, ViddeD dabe: ahlig, P essed audio

data, the conprésse ata an nt or mat1 on. e conpressed

video data ishestRa€Ioh B RIHREATRADAY184Y dilsttineli ebrbi dsrctibdedola
expansion circuit 250, processed in a post processor 256, for exanple, as
may be needédvipgcahckedst eight parity symbols, the encoded data being

modulated and recorded on the disk. Preferably., the data is
modulated as run length limited (RLL) data.

In the preferred embodiment., the data is recorded with
a linear density in the range between 0.237um per bit and 0.378um
per bit.

As one aspect of this invention, the ATOC information
comprises fields of chapter data, each field being associated
with a respective chapter and including information used to
identify the location of that chapter, its name, the different
formats of MPEG and audio compression exhibited by the ﬁideo and
audio data recorded in that chapter, and the locations in that
chapter at which representative video pictures (useful for guick
display) are recorded.

The error correction code used with the present
invention preferably is a long distance code having at least
eight parity symbols. ECC techniques which have been used’
heretofore have relied upon so-called 'short distance codes in
which‘a block of data is divided into two sub-blocks, each sub~
block being associated with a number of parity symbols, such as 4
parity symbols. It is known, however, that 4 parity symbois may
be used to correct 4 data symbols, and if 4 data symbols in each

sub-block are erronecus, the total number of 8 erroneous data



REPLACEMENT' SHEET Date: 77 errorR, and reconverted hank to- n"_
“digital-to-anal og converter 251. Expansion circuit 250 oper akg “MENT
accordancewith the MPEGi or MPEG 2 standard such that the qétglnwg;%ﬁgggss
information is recovered. Post processor 256 also is adapte BT Subdti -
graphical title information on the recovered video data, as wll be
descri bed bel ow, such that the recovered title data nmay be suitably
di spl ayed, ae?m@él%”@@fxpﬂé'édﬁ%c‘%@da VBEEO DF Ui SuplBEoSkPAsALthARdI 0 data
i's supplied om denul tipl exor 248 to an audi o buffer nenory 252 from which

it i s expandatdndo@B QXPaNSINMId1G I RHétedd kN bthegOBUBLbESI Ccaditaliog Bor m
by digital - to-anal og convertor 254. Expansion circuit 253 operates in
' erroneous data symbols, use of the short distance code may be

effective to correct only 4 data symbols in the one sub-block,
thus permitting a total error correction of 7 data symbols. But,

in the long distance code, the block of data is not sub-divided:

oo pusn Pl et e T~ Tot b -1

long distance coded data, can be corrected.

As another feature, tﬂe RLL code that is used
preferably converts 8 bits of input data into 16 bits of data for
recording (referred to as 16 channel bits) with no margin bits
provided between successive 16-bit_symbols. In RLL codes used
heretofore, 8 data bits are converted into 14 channel bits and
three margin bits are inserted between successive 14-bit symbois.
Thus, the present invention achieves a reduction in redundancy.

- BRIEF DESCRIPTION OF &KE DRAWINGS

The following detailed description, given by way of
example and not inteﬁded to limit the present invention solely
thereto, will best understood in conjuncfion with the
accompanying drawings in which:

Fig. 1 is a block diagram of the preferred technique by
which optical disks are made in accordance with the present.
inventions;

Fig. 2 is a block diagram of apparatus incorporated in

the present invention for reproducing data from the optical disk .



accordance with the MPEG 1 or MPEG 2 or mini disc standard as, may he '
desired. Ifthe audio data that is recorded on disc 100 hasRﬁSPﬂgéﬁﬁgTEHEET

conpréssed: expansion circuit 253 nay be omtted .or bypassegf“As Bt
&8"} .i.g' %r. ven

in Fig. 33, the sub-information separatedgby denultipl exor

as a direct output signal, consistent wth the representation shown 1 n Fig.
32 wherein such subinformation is. not processed prior to being supplied to

mul ti pl exor ¢ 107 \and R P LIEES $h NG SHRASHER: th O AE MU dHLRXOER S48 i Fi

illustrated. The separated title data 1s applied to title buffer nmenory 233
from denul t1pl exor 248 fromwhich the title data is decoded by a title
decoder 260 that operates in a nmanner inverse
Fig. 3 is a schematic representation of the recording
areas for the.disk made by the technique shown in Fig. 13
Figs. 4A and'AB are schematic representations showing
the recording areas of Fig. 3 in greater detail:
fig. 5 is a schematic repreéentation of another format
of the recording areass |
Fig. 6 is a schematic representation of still another
format of the recording:areas;'
Fig. 7 is a schematic represehtation of yet another
férmat of the recording areas:
Fig. 8 is a tabular representation of a portion of the
information recorded in the TOC region of the disk:
Fig. 9 is a tabular representatidn of another portion
of the data recorded in the TOC regions
Figas. 10A and 10B are schematic répresentations of a
sector of data recorded on the disk:
Figs. 11A-11E are tabular representations of different
types of subcode data that may be recorded in a sector:
Fig. 12 is a tabular representation of copyright data
that may be recorded as gubcode information in a sector:
Fig. 13 is a tabular represenfation of application ID
information that may be recorded as the subcode information in a

sector:



REPLACEMENT SHEET Date:. 78 to the operati on- of conpr essi on
(Fig. 32). That is, decoder 260 may carry out an inverse v _ ng H
decodi’ng operation. The decoded title data is supplied to post,pr dcdsSEP 1999

ﬁiaé'bsfigbﬁsa. T SHEET

256 for superposition onto the video inf orgration that has b LAy ed HATR
fromthe optical disc. Demultiplexor 248 nbnitors the renaining capacities
-of buffer nmenories 249, 252 and 233 to sense when these nenories are

o1ty vely ety of Thbeche 1S RIERSEE Pho ARG KIS GRSy
does not OCGiHat fi4gt BE FEMFUd ¥s 28R 30H-HAET 1 AFNRIIACE 2R1a0kebtdr; 33

Fig. 15 is a tabular representation of picture-type
data that may be recorded as the subcode informétion-in a sector:;

Fié. 16 is a tabular representation of ECC type data
that may be included in the TOC information recorded in tﬁe‘Toc
regionss

Fig. 17 is a schematic representation of one frame of
error correction encoded data, identified as a Cl code word;

| Fig. 18 is élschematic representation of the long
diétance error correction code format used with the present
invention; |

Fig. 19 is a schematic representétion of a short
distance error correction code format that could be used with the
present invention:

Fig. 20 is a schematic representation of the sequentiai
oraer of rearranged data symbols.after those aymbols have been
played back from the disk: |

Fig. 21 is a schematic representation of a sector of
data that has been error correction encoded;

Fig. 22 is a schematic representation of a block code.
of error correction encoded data in the long distance format:

Fig. 23 is a schematic representation of a block code

of error correction encoded data in the short distance format:



are the sane as systemcontroller 230 and user interface 1 ] O 2. The
present* invention finds particular application with a digift FPIAGIRIAENT SKEET
(DVD) “wherein the user information recorded in the progra &L ea]sﬁo&fp %
for exanple, Figs. 1-7, includes video angpaudi o as wel | §Pf-edat-a; e-

| atter being useful for conputer applications. Fig. 34 is a schenatic
representation of a general formof an optical disk that can be used both

as a DVD and as a CDgIg\l h d erob¥ed 8fri ers”
and, in the preferred errbg?il: ?rgn% g"eﬁééc“%%gcag%gfgﬁée%&? ecord gd |ﬁ ,ggla&f

respective aéﬁﬁksyﬂm)m@xhh_ﬁﬂtiﬂgtm wdalafQent nf or mati on, the optical
di sk schematically represented in Figs. 34 is provided wt h an application

TCOC regi on di sposed iFig-h&@5piags afd ewabarkndxpbaining mpwappirodnt bobe tae e of
contents (Ag£§2cted in the EFM modulated data shown in Fig. 24;

Fig. 26 is a-block diagram of an EFM modulator that can

be used to produce the data string shown in. Fig. 24:
| Fig. 27 is a schematic representation of a frame of EFM

modulated datas

Fig. 28 is a table which explains how margin bifs are
selected/inhibited when forming the string of EFM data shown in
Fig. 24:

Figs. 29A-29D are explanatory waveforms which are
useful in understanding how margin bité are selected;

'Fig. 30 is a block diagram of a modulator that may be
used with the present inventions: |

Fig. 31 is a block diagram of a demodulator that may be
used with the present invention:

Fig. 32 is a block diagram of apparatus which may be
used to supply data for the recording technique shown in Fig. 1:

Fig. 33 is a block diagram of data recovery apparatus
fhat may be used with the_élayback apparatuas shown in Fig. 273

Fig. 34 is a schematic representation of 5 format of
the recording areas showing-uae of the optical disk as a DVD and

also as a CD-ROM, with user data being recorded as chapters of,

for example, video programs, and with application table of
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to the recorded chapters of video data. As nentioned above, gg V|1d§osga
Is recorded as, for exanple, MPEG conpressad video data: an % 'he - pr-esent -

time, two different MPEG formats are used to conpress video data, nanery
MPEG-i and MPEG 2 techniques. It is not unreasonable to expect that still

I
{echn ques. R RRECTRARGE) (SR ERC th oAl e 3N THE lr 8IS,
data whi ch aftroppRagras ¥iéebPrthe aigkng may be conpressed in accordance

with the MPEGi or
Fig. 35 is a'tabular representation of ATOC information

recorded in an application TOC region in the program-area of the
disk;

Fig 36. is a_tabular'fepresentation of the "disc
information® shown in Fig. 35: |

Fig. 3j is a tabular representation of the "chapter
information" shown in Fig. 35:

Fig. 38 is a tabular representation of the "name field"
shown in Fig. 353

Fig. 39 is a tabular ;epreseﬁtation of the "pool of
stream parameters"® showﬁ in Fig. 35:

Fig. 40 ias a tabular representation of the "pool of
entry point information” shown in Fig. 35;

Fig. 41 is a tabular represenfation of each streem
‘parameter field included in the pocl of stream parameters shown
in Fig. 59:

Fig. 42 is a tabular representation of each entry point
field included in the pool of entry point information'shown in
Fig. 40:

. Fig. 43 is a tabular representation of the stream type
data that may be recorded in each stream parameter field shown in

Fig. 41: and




NPEGZ fo}mats; and here too, it is reasonable to expect th
audi o conpr.essi on techniques will be developed. As will b aﬁgg?r;\lblgggkﬁgéh' A
the ATOC i.nformation identifies predeterm ned paraneters Dtage._._t SEP

MPEG- conpressed vi deo data and the conpre3zed audi o data ri o IO o =
‘respective chapters: and such ATOC i nformati on accommopdates the possibility
that the audi o data need not be conpressed but sinply may be PCM encoded.
As used herein, the expdessi da aCoaph Bss efbpredientd8ion o5 thHe emaedetro refer
to audi o data that has been either conpressed in accordance with an MPEG
(or other deatlkegped)ddin rhitatomayybe oreardadhdn thepthapbePGviformadddn From
Fig. 32, it i.s_seen that the user information recorded on the disk and,
thus, the uférlinfBPFRtI®FY%cdlded in respective chapters, is nultipl exed

froma streamof vid S AEShREMIHN i Uririakin iedba of title

information. A
The present invention records different types of data

on an optical disk, preferably for use as a CD-ROM but also
adapted for use as a digital video disk (DVD). Such data may be
file data or application data to.be used by a computer, or it may
comprise video data which sometimes is referred to herein as
motion picture data which includes image information and audio
information and whiéh preferably is compressed in accordance with
the various conventional video data compression standards, or
formats such as those known MPEG-1, MPEG-2, or when still video
pictures are recorded, JPEG. It will be appreciated, thefefore.
that the information on the disk admits of "multimedia"®
applications.

Before describing the technique used to record data on
the optical disk, a brief description is érovided of the disk
itself. The physical parameters of the optical disk used with
the present invention are gquite similar to the conventional audio
CD: and for this reason, a drawing figure'of'the disk is not
provided. Nevertheless, it will be appreciafed that the diameter
of the disk is 140mm or less, preferably 120mm or 135mm. Data is
recorded in tracks..and-will be.described in greater detail,

having a track pitch in the range between 0.646um and 1.05um, and




chépter may contain corrpfessed video data only or a conbi naffron " _
REPLACEMENT SHEET 1 DateA J.L.5 a... 80 of nultiplexed conp e§§%'d\%f‘ﬂawr &HEET

conpressed audi o data, or a conbination of nultipl exed conpiiessed Yisi
data, conpressed audio data and title data3 The ATOC i nfor Lﬁﬁ"ser-vﬁg-gg--

identify, for each chapter, the number of "streams” of data that have beem
mul tiplexed to formthe chapter, each streamtype and the particular fornat

used to encpdergagbiptifaRe FARGATEE 61 AdRL.igon al %&%“&L deepdabea WLgl
identifies each.chapter by, for “exanple, the nanme of that chapter
data recorded on the optical disk is in the'form of embossed pits

having a linear density in the range between'0.237pm per bit and
0.387um per bit, although this range could be in the range of
0.3um to 0.4um per bit. Data is recorded in‘that porticn of the
disk having a radius from 20mm to 65mm. The disk, whose |
thickness is 1.2mm * O.lmm, is intended to be driven for a
playback operation such that its linear velocity is in the range
of 3.3m te 5.3m per second.

As a result of the linear density and track pitch of
the disk, information.is optically read from the disk by a pick-
up head which projects a light beam of wavelength A through a
lens having a numerical -aperture NA such that the projected beam

o - ‘ . exhibits a spatial frequency £, where £ = A/(2NA). The light
source for the optical pick-up preferably is a laser beam whose
wave length is A = 635nm, this laser beam being projected through
a lens whose numerical aperture is NA = 0.52, resulting in the
spatial frequency £ = 6l1lnm.

Typical examples of the physical parameters associated
with the optical disk are as following:

Disk diameter = 120mm.

Program area = 23mm to 58mm.

Track pitch = 0.84um.

Linear density = 0.307um.

This results in a data storage capacity of 4.4Gbytes.
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(which may be assigned by the manufacturer of the disk to i dgrggdpaceEm NT SHEE
different vi‘deo prograns), the |ocations of the respective cfpapters (t%at

is, the tracks in which the chapters are recorded) and the ciltmryltﬁsﬁpejg%
progranmm ng included in that chapter (for iexanple, the videol ) .
a novie, a nusic video, so-called "karaoke", a sport video, a drama, etc.).
Still further, since the video data recorded in a chapter is assuned to be
conpressed in accor dagee pidpdsal MR FdBlor ebbBaing MR Ahe’ €l ati ng
to MPEG conpressed pictures are included in the ATOC i nformati on. For
exanpl e, thepbRE&lfaigktisrknoranps esise \ERe ®Plusi Erames (BEM aseflaxr prtodedght-

i ntraframe- REPLACEMENT SHEET:
- to-fourteen modulation). An EFM Plus frame is formed of 85 data

symbols (each symbols is a 16-bit representation of an 8-bit
byte) plus two syﬂchronizing symbols thus consisting of 87 16-bit
symbols. One sector is comprised of 14 x 2 EFM plus frames.
But, the amount of user information that is present in a sector,
that is, the amount of information which contains useful data and
thus excludes sector header information, error detection code
(EPC) information, et cetera, is 2048 symbols. Accordingly., the
efficiency of the EFM Plus format méy be calculated as:

(2048 x 16)/(87 x 16 x 14 x 2) = 0.8407.
That is, the efficiency of the EFM Plus format is approximately
84%, which means that 84% of all of the data that is recorded in
a sector is useful data. Therefore, if the storage capacity 6f
the optical disk is 4.4 Gbytes, as mentioned above, the amount of
user data that can be stored on the disk is 84% x 4.4 Gbytes =
3.7Gbytes.

Of course, if the track pitch is varied and/or if the
linear density of the embossed pits is varied, the storage
-capacity of the disk likéwise is varied. For example, if the
track pitch is on the order of about .646um, the storage capacity
of the disk may be on the order of about 6.8Gbytes, whereas if
the track pitch is oh #he order of about 1.05um, the storage

capacity is on the order of about 4.2Gbytes. As a practical




Dafe: 5 SEP X encoded picture data or predictively encoded > »
as nentioned*above. Because of the particular characteristi Q* Aﬁﬁﬁ?NTSHEET
i ntraframe encoded picture data, a video picture of reason Ia“?pqd§q§ﬁggﬁgs
can be readily recovered therefrom and thesl ocations of s = RICE R ec™VM..

recorded in each chapter are identified in the ATCC information. Such

| -picture |ocations are know as "entry points”; and the entry point data

| nol uded i n hdeATORALALTREAD s SR D f138oh0y ! 3P o Ackeds pod, df splay
representative chapter pictures so as to permt~a user to play back a
desired chapietexiinge’ thenmihdf@eftrddk Pi#ch34ndihen B 1GAkLLNadiXi £ 0i On

is illustrated as being recorded in the first track of the program area;
but it will breayssr d&i asedeshmablkmthate dbeetrackdpitacibe not hesPriagmbnar ea
can be assigned tqg this region. Fig. 34 also illustrates N

apatial frequgncy of the pick-up beam and the linear density be
no less than one-half the spatial frequency of the pick-up beam.

When compared to the audio CD, the linear density of
the recorded data of the optical disk used in the present
invention is approximately 1.7 times the linear density of the
audio CD and the recording capacity of the optical disk used with
the present invention is approximately 5.5 times the recording
capacity of the audio CD. The optical disk of the present
invention is driven to exhibit a linear veloci£y of approximately
four times the linear velocity of the audio CD and the data
transfer rate of the optical disk of the present invention is
approximately 9 Mbps, which is about six times the data transfer
rate of the audio CD.

With the foregoing in mind, reference is made to Fig. 1
which is a block diagram of the technique used to make an optical
disk of the type that has just been described. An input terminal
121 is supplied with user data to be recorded, this data being
formed of, for example, multiplexed video and audio information,

~title data and sub-information such as, but not limited to,
computer files, character data, graphic information, et cetera.
The data supplied to input terminal 121 is prgduced'by the

apparatus shown in Fig. 32 and will be described below.




the recording of each chapter in a single track; but it is
t hat a ‘chapter may be recorded in a plurality of tracks. Pr
howevér, ndt nore than one chapter is recorded in a given t ks -

conveni ence, the chapters are shown to beigecorded in sequ fRAf s

W SHEET
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only one chapter is recorded in one track, each track contains the next-
hi gher chapter nunber), but such sequential recording of chapters is not
necessary. of course,Thé dder Haght a8t célsledarh aCbkhphge-beet NavwiltRiny 124

identified, and it is helpful if there is a direct correspondence (e.g.,

one-t 0- one) widicheehsa paradantesr tohapteivaritakliee ofr gaoktent WFQM t hat

-efapter s rfi%%&%ggiongﬁgpfié%e%Lrgge swi%gﬂ' EE%FQE ?Eggg-terminal 122 via
a TOC encoder 125.. The Toc.information.identifies various
parameters of the diqk'which are used for accurate reproduction
of thé user information recorded thereén: and the TOC information
also includes data related to the user information per se, such
as information that is heipful in rapidly accessing the user
information recorded in particular tracks. The structure of the
TOC information is described below.

Switch 124 selectively couples user data supplied at
input terminal 121 and encoded TOC data supplied at input
terminal 122 to an error detection code (EDC) adder 127. As will
be described, TOC information is. recorded on one portion of the
disk and user data ié.recorded on another portion: and switch 124
selects either the TOC information or the user data at the
appropriate times. As will be_described.below in conjunction
with, for example, Fig. 21, the error detection code is added at
the end of a sector of user data or TOC information: and adder
127 serves to produce the.error detection code after a sector of
data has been.received and then adds the error detection code to
the end of the sector of data. In the preferred embodiment, a
sector is comprised of 20‘8 bits of useful data, plus parity

bytes, plus sector heéder data, plus a number of “reserved®

bytes, plus the EDC code.



Date ...5SEP 195 82 chapter can be rapidly accessed for pla bﬁE#metNTngET
scanni ng the*disk for the particular track in which that ch@pter If

recorded and then scanning that track either .for the beginni n.atef_ ______ li SEP]SQS
chapter or for any desired entry point therein. It should bé&=s
that when the user information is recorded as chapters of IVPEG corrpressed
vi deo data and conpressed audi o data on a DVD, each sector in a chapter may
be of the type shown Ans&ihbr Hthder iGBeransBtiw susptedetbi 8hd 4 edctded in
each sector header may include the information di scussed above in

conj unct i on heiaderrtgseath Gédtfor Rifgusds iefessatiicn hepdpedi tiatiao BPCway
region and provides a preferred enbodi ment of the structure of the ATOC

i nf or mat i on Sfe&BFdeddehel &l n. AudHldabg dercieiRad bedowoipr fepipnction with

Fig. 10, a sector header lncludes a synchronizing pattern and

information useful to rapidly identify access the sector. -Such
- information, particularly in sectors containing user data.
includes subcode information whiéh is coupled to the sector
header adder by way of a sect&r header encoder 129, the latter
operating to encode subcode information supplied thereto by way
of input terminal 123. "Such subcode information is generated by
a suitable source ahd, as will be described further below in
conjunction with Fig. 11, is used to provide helpful identifying
and control information related to the user data that is recorded
on the disk.  For example, the subcode infofmation identifies the
track number in which the sector whidh contains this subcode
information is recorded, copyright management information which
determines whether thé data reproduced from the disk, such as
video data, may be copied, application ID information which
designates the particular user-application for the data recorded
in the sector, time code data which represents time information
at which the user data is recérded; and information relating to
video pictures that may be recorded on the disk, such és the
distance, or separation, between a videb picture recorded in this
sector and the next-following and the next-pfeceding video

pictures. A system controller 110 controls sector header encoder

L4




of the following illustrative areas: a di sk information ardg | ET
contains data that is useful for the entire disk and not si TB'FW §EM§NTSHE

parti cul ar *chapter; several p chapter information areas, Wi %3.01‘ S;LS(EP 1995
area containing information relating only*o its correspondlit§ cHapt e

wi |l be described in greater detail below, the chapter i nf or mation
associ ated with each chapter identifying predeterm ned paraneters of the

MPEG- conpr esiged ¢ flgRe a2t A0 thid@ €RAPS AldicaedahacrRsPise hdd othat
chapter; an area in which all of the possible nanmes of the different

chapters ar esectoer Hedder information (as shown in Fig. 10) is placed in the
proper data location for proper recording in a user track.

User data, including the sector header added thereto by
reason of sector header adder 128, is subjected to error
correction encoding carried out by an ECC circuit 132 in
combination with a memory 131 and a memory control section 133,
the latter being controlled by system controller 110. An example
of ECC encoding that may be used with the present invention,
subject to modification so as to be applicable to the data
recorded on the optical data, is described in United States
Reissue Patent Re 31,666. 1In one eﬁbodiment of the present
invention, the ECC encoding pfoduced by circuit 132 is
convoluﬁién'coding end is described in greater detail .below in
cdhjunction with Fig. 17. It is.sufficient for an understanding
of Fig. 1 simply to p01nt out that the ECC encodlng assembles a
frame of data bytes or symbcls, referred to as a C2 code word
formed of, for example, 116 bytes or symbols, and generates C2
parity bytes as a function of a respective deta byte or symbol in
a predetermined number of C2 code words. For examples if the
data bytes or symbols in each C2 code word exhibit the sequence
1. 2, « . . 116, a C2 parity byte, or symbol, may be produced by
.combining byte 1 from €2 code word C2; and byte 2 from C2,.
Another C2 parity byte may be produced by combining the third

~ byte of C2 code word C2; and the fourth byte of C2,. In this
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L@.xa%ii’.t.lﬁﬁ.

af orenenti ohed "streans" of data that constitute the user i

the chapter; and an area which contains entry point informai
identifies all of the entry points in each chapter. It is e
I nformation which is included in all of the aforenentioned
than the recording capacity of a data track; and the excess capacity of

t hat trackmhfnéfsaheed2f @arivy Ubgrats aare Gofeputberpywfa Rtoas-Dhtehleave

constitute each of the aforenentioned areas is depicted in Fig. 35. The
dat a whi chtedmsiquas esnd he dhsexamplor.ndRi enchrea pHritiye BXTEE ané oxdded on

«shown in Fig. 35 is d%Picted in greater )
t0 the C2 code word C21, even though such C2 parity bytes relate

Lol

to data bytes included in other €2 words. Then, Cl parity bytes
are generated for the C2 word (such as.C21) ﬁb which has been
added the C2 parity bytes, resulting in what is referred herein
as a Cl code Qord (such as Cl,). The resultant Cl code word,
consisting of 116 data'bytes, plus 12 C2 barity bytes, plus 8 C1°
parity bytes is stored in memory 131. |

The sequential order of the data bytes in the Cl1 code
words stored in memory 131 is rearranged by, for example,
delaying the odd bytes so as to form an odd group of data bytes
and an even group of data bytes. Since eaéh group consists of
only one-half of the data bytes included in the C1 code word., an
odd group of data bytes of one Cl code word is combined with an
even group of data bytes of the next-following Cl code word, thus
forming a disarranged order of bytes. This disarranged order
improves the burst error imﬁunity of the ECC encoded data. The
disarranged order of the ECC-encocded bytes is supplied from
memory 131 to a modulator 140 which, preferablf, carries out 8-
to-16 modulation, although 8-to-14 (EFM) modulation could be
used, if desired.

Memory controller 133 supplies to memory 131 the
necessary read and write addresses to enable the generation of

the C2 parity byteés in cross-interleaved form and also to
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detail in Fig. 36. Thé fi-él ds which identify the disk infor 9%5 FENT SHEET
descriped nore particularly as follows: TOC Identifier: Thig .égA,

conprised-of 8 bytes, contains a character string that idenfi dtéaslisesf@tm
structure used to represent the ATOC inform@ation. This TOC

detected by the controller in the DVD player permts the playback operatTBn
to be conpatible with the format in which the ATOC infornmation and the

“chapt er i nf geaRthAge atite IAGRIcHRd a1 FBEAEX 3P| the idatldByebar 8at&rerd ri ng of
the TOC identifier is "AVIO001", the data structure of the ATCC _
i nf or mat i on afbdembet ated stirsactrangedfl otderuser i nfornmation recorded in each

chapter are as shown in Figs. 35-44. ) ]
: In the preferred embodiment of the ECC encoding

---- technique, a long distance code, alsc known as the L format, is
use. The L format results in Cl code words that are arranged as
shown in Fig. 18, described further below. If desired, the ECC-
encoded data may exhibit a short distance code or S format, such
as is depicted in Fig. 19, described below. Dépending upon
whethér the L format or the s format is selected, system
controller 110 controis-memory controller 113 such that the read
and write operations of memory 131 permit the data bytes to be
ECC encoded in either the L format or the S format.

- Modulator 140 serves to converts 8-bit bytes supplied'
thereto from memory 131 into 16-bit symbols. Each symbol is run
length limited (RLL), as will be described. It will be
appreciated that, by generating 16-bit gymbols, the accumulated
digital sum valug (DSV), which is a function of the run length of
the digital signal, that is, the number of consecutive 0s or the
number of consecutive '1s, is limited to permit the DC éomponent
which is produced as a.function of such consecutive 0s or 1s, to
remain at or close to 0. By suppr;ssing the DC, or lower
frequency component of the digital signal, that is recorded,

errors that otherwise would be present when that digital signal

is reproduced are minimized.
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Is intended’'to identify the actual |anguage of the nanmes th tﬁg‘rslé’&}/%‘@éﬂgéﬁ"zm
in the nane information area of the application TOC region. I_éangi,'!_lj S_eSEpelggﬁ

appreciated that this 3-byte TOC | anguage2ts simlar to the nga
Country Code recorded as the disk information in Table 2. Total Nunber of
Entry Points: This two-byte field identifies the nunber of |-pictures that

are recorded on the disda1dEeN180t £iudPrianes Qn%‘éééréiﬁgcéﬂ;fndlhmicﬁhiﬁn
|-picture first is recorded. It is appreciated that over 64k 1-pictures can
be recordedconpléé th dutthing epparatug 150l dThilsowpphratuyg. iBGasede twomake
further an original disk from which one or more mocther disks may be
produced and from whiéh copies may be stamped for distribution to
end users. That is, such stamped disks constitute the CD ROMs.
In one embodiment, the cutting apparatus includes an
electro-optical modulator 151 which relies upon the so-called
Pockels ettect to modulate a light beam that ié used to "cuﬁ" an
original disk. This original disk is used by a mastering
apparatus 160 to produce a master of the original disk. The
mastering apparatus relies upon conventional techniques, such as
development and vacuum depesition, to produce a plurality of
mother disks. Such mother disks are dsed in stampers which
ejection mold copies that subsequently are packaged and
distributed. Blocks 171 and 172 in Fig. 1 are intendéd to
represent the injection molding and packaging.apparatus in
manufacturing auch disks. Thé completed disk is depicted as disk
100. |
The technique used to reproduce the information
recorded on optical disk 100 now will be described in conjunction
with the block diagram shown in Fig. 2. Here, the disk is
optically read by an optical picku§-212 which projects a light
‘beam, such as a laser beam having the spatial frequency £=A/2na.,

this beam being reflected from the disk and detected by a

conventional pickup detector. ‘The detector converts the



described herein as they are not needed for an adequate und
t he present- i nvention. Each 32-byte chapter infornmation are
the application TOC region exhibits the data structure sho
wi Il now be described. The information recd ded in each of
information fields is as follows: Chapter Nunber: This 4-byte frerd '
i dentifies the nunber of the chapter, and up to a maxi nrum of 256 chapters
can be recordftectsd rigghto bedmatove ,catrdspopdiherebzbttrd oadc eidnahewitimipt er
in one data track; and it is contenplated that one chapter nay be recorded
in two or ndfeseRRYLad £a0% PR 112 ito jas waveferh Y dEe%02h8rand han one

chapter be £§gﬁgék¥%lé1p g%e locked loop clock reproducing circuit 214 and

NTSHEET |

to a demodulator 215. Transitions in the recovered electrical
signal are used to synchronize the phase locked loop to extract
therefrom the clock signal which was used to record data on the
disk. The extracted clock is coupled to demodulator 2i5 which
performs RLL demodulétion that is described in greater detail
below in conjunction with Fig. 31. Suffice it to say that if
data is recorded on disk 100 as 16—bit'symbols, demodulator 215
demodulates each 16-bit symbol to an 8~bit aymbol or a byte.

The demodulated data reproduced from disk 100 is
supplied to a ring buffer 217. The clock signal extracted by
phase locked loop clock reproducing circuit 214 also is supplied
to the ring buffer to permit the "clockiﬂg in" of the demodulated
data. The demodulated data also is supplied from demodulator 215
to a sector header detector 221 which functions to detect and
separate the sector header from the demodulated data.

Ring buffer 217 is coupled to an error correcting
circuit 216 which functions to correct errors that may be present
in the data stored in the ring buffer. For example, when data is
recorded in the long distance code formed of, for example, C1
code words, each comprised of 136 symbols including 116 éymbols
representing data (i.e. C2 data), 12 symbols represénting c2

parity and 8 symbols repfesenting Cl parity, error correcting




REPLACEMENT SHEET Date:...! SEP 1995.. 85 given track. No"t Eg@él}&
this di*sk are identified by the sanme chapter nunber. Corres I NQ raci:’P'EET
m&e\ml@ P.1%..

Nunber: This 1-byte field identifies the nunber of the trac

chapter is recorded. In the sinplest enboddment, if the app

region is recorded in track 1, then chapter 1 is recorded in track 2
chapter 2 is recorded in track 3, and so on. Chapter Category: This 1 byte
field represdrtaithel prhgratimusebothat chnpd ity alymbeast eat gontedthiexrrelrapt er .
The val ue of the chapter category data identifies the chapter category as
shown in Fi giha¢4mafobe@<%ﬁﬂﬁfé'- ipnf tbﬁecbhmda-r dosoxirastadngliverd i@ val ue

of the Chaptreel’ rg%%g Xtc? ring %ugfe 2£'Pe a(t:rpd’imh t?xe error correcting

circuit uses the C2 parity symbols for further error correction.
Those data symbols which are subjected to further error
correction are rewritten into the ring buffer as corrected data.
Reference is made to aforementioned Reissue Patent RE 31,666 for
an example of érror correction.

In the event that an error in the éec£or header is
sensed, error correcting circuit 216 uses the Cl parity symbols
to correct the sector héader, and the.cofrected sector header is
rewritten into a sector header detector 221. Advantageously. the
C2 parity symbols need not be used for sector header error
correction.

As mentioned ébove, the input data symbols suppl}ed
four error correction encoding exhibit a given sequence, but the
error correction encoded symbols are rearranged in a different
sequence for reccrding. In one arrangement, the odd and even
symbols are sepafaéed and the odd symbols of a Cl code word are
recorded in an odd group while the even aymbols of that Cl code
word are recorded in an even group. Alternatively., odd and even
symbola of different €1 code worda may be grouped together for

_recording. Still further, other éeqﬁential arrangements may be
used to record the data. Dufing playback; error correcting

circuit 216 and ring buffer 217 cooperate to return the recovered



,musi ¢ video, the value of the chapter category byte is 1. GQhet .2‘:~-"-“r;-£es

of chapter category representations are shown in Fig. 441 andREPLAGEMENDSHEET
under stood-that the present invention is not limted solelyijfo the SEP 1995
categories whi.ch are shown. Pointer to Chapter Nane: This 2- ij)'atE:f..-i..L]% .................

identifies a particular 8-byte field in the nane field area +he
application TOC region shown in Fig. 35 In the preferred enbodi ment,
2,048 diffesaly ARSI EbIEnORY IS AnaY) gtvid ddimataae Theld fdeamnd the
2-byte-pointer to chapter nanme in Fig. 37 identifies a respective one of
the 2,048 nads fdyaitdas ®hg Banghdighthefchapbeing emorded hnt atdiderrangedded
in the 32-byte chapter information area itself; and instead a separate nane
field area ¢oxiqr @nddébef combismision o Bhaeenrox Morrestingpehtrwyc and

ring buffer operate to rearrange the order of the symbols in a C1

code word to its properly arranged sequence.

Error corrected data stored’'in ring buffer 217 is
coupled to error detecting circuit 222 which uses the EDC bits
added to the recorded data by EDC addef 127 (Fig. 1) to detect an
uncorrectabie error. In the event that data cannot be corrected,
EDC detector 222 provides a suitable indication, such as an error
flag in a particular uncorrectable byte or an error flag in an
uncorrectable Cl code word, and the error corrected data, either
with or without such error flags, as the case may be., is couplea
to output terminal 224;

In addition, TOC information that is recovered from
disk 100, after being error corrected by error correcting ci:cuit
216 and error detected by EDC detector 222, is coupled to a TOC
memory 223 for use in controlling a data playback. operation and
for permitting rapid access to user data. The TOC information
stored in memory 223, as well as sector information separated
from the reproduced data by seétor header detector 221 are
coupled to a system controller 530. The system controller
responds to user-generated instructions supplied thereto by a
user iﬁterface 231 to control disk dfiye 225 so as to access

desired tracks and desired sectors in those tracks, thereby
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the chapter. REEEggﬁM
whi ch ‘contains the chapter nanme. If the nane of the chapter ? qggexms
than a single 8-byte nane field, for exanpse, if two or nor 1l '
are needed,

'nane pointer sinply "points" to the appropriate{n

b, -
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sequential nane fields forma suitable "string" in mhlch t he

entire nane of the chapter is recorded. In that event, the chapter nane

poi nter s

rbﬁﬁe&h{;l@éef hetd &%E;ugg{?@dfﬂaflﬂué Nddl.S Fbil Bfambid Nigle tO

Streanlparane ers: This 2-byte fiel'd preferably includes several "pointers"

whi ch i dent ifor Aagpemnatien etoried Shr £o0) PaNGIPIE3 a9l dacladé heatpool of
stream par anet er

representing the locatlon of the beginning of each 'track: and
system controller 230 responds to a user—generated request to
access a particular track to control disk drive 225 such that the
requested track is located and accessed. Particular identifying
information representing the data in the accessed track may be
recovered and supplied to system controller 230 by sector header
detector 221 so that rapid access to such data may be achieved.
A further description of the TOC information and sector
information useful for controlling the disk drive in the manner
broadly mentioned above is discussed in greater detail below.

It will be appreciated from the ensuing discussion of
Figs. 10 énd 21 that sector header informafion that is recovered
from the disk may be errbr corrected by using the Cl1 parity
symbols included in the same C1 éode word as the sector header.

There is a-high probability that any errors that may be present

~ in the sector header can be corrected by using the C1 parity

symbols only. Since a Cl code word contains C2 parity symbols
that are generated from the data symbels included in differént Ccl
code words, sector information is quickly detected quickly by not
waiting for all of the C2 parity symbols to be assembled before
correcting the sector header. Thus, position information of a
sector, which is included in the sector header as a sector

address, is detected, thus facilitating rapid access to a desired



fiéids.shomn in Fig. 39. As nentioned above, each chapter i Or.{1 ” _'
MPEG- conpr essed video data together with conpressed audiC)céEéf%§E§%ﬁ4§ﬁg?E'
data. 'Video conpression may be in accordance with the I\/PE':E»E%,[OL' VSEGSEP 1995

format. Audi o conpression may be in accorgdgnce with the Mg 1 Y/ 2] €

format or with the PCMformat. The conpressed video data constitutes one
stream the conpressed audi o data constitutes another streamand the title

data consti tgebesryetriid Urd her pat & rdd wift® ae%8HPLAEiSn£h IV HomcONSi St's
of only one stream of data such as EG conpressed video data, only one
st r eam par ambegeiposedtiarr ireadeedédfothatt ivn disapnéerisaded nod wfverwd c1
mul ti pl exed streans of data (e.g., video data and audi o data or video data

and title dSC9F FREARt (WA FSAYAELRY tRA Mesoyerdy ape @S6RF SRFFSaticrect
chapt er s L(ilirrgg Qlfxostehrcqe crcl)‘glet ‘i«wg:lc;ga)a(egetsgz[ee%% geg{:og agg)éeef &ata can be
assembled and interpreted.

Fig 3 is a schematic representation of the manner in
which the recording surface of disk 100 is divided into separate
areas, referred to as the lead-in area, the program area and the
lead-out area. Fig. 3 also identifies the lead sector addresses
of the program area and the lead-ou; area. In the illustrated
embodiment, thé_sectors-included in the lead-in area exhibit
negative sector addresses ending with the sector address -1
which, in hexadecimél notation is OXFFFFFF. The sector address
of the fifst sector in_the brogram area is identified as address
0. As indicated, the length or duration of the program area is
dependent upon the amount of data recorded therein and,'thus; the
address of the last séctor recorded in the program area is
variable. It is appreciated, therefore, that the first sector
address ¢f the lead-out area is variable and is dependent upon
the. length of the program area.

One embodiment of ‘the disk configuration shown broadly
in Fig. 3 ié schematically illustrated in Figs. 4A and 4B. Here,
the TOC region, which is comprised of one or more TOC tracks, is
disposed in the lead-in area and TOC information is recorded in

sectors identified as -32 to -1 (Fig. 4A). These 32 sectors of
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audi o data plus title data) than three stream parameter poifiters 3rs
preferred. -Each stream parameter pointer identifies a respeftpaté: y$€P '995

stream paraneter field included in the pogh of stream paranttess—fEig—30k—r
which represents the characteristics of the corresponding stream that is
i ncluded in this chapter. As discussed above in conjunction with Fig. 35,

the pool ofpgd rﬁ&@r&at%ﬁt@ééumﬁ 4 GGedeBob it fos EPAICH @a212€81hg14 hoc
application TOC region: and each 4-byte stream paraneter field exhibits the

dat a structtrsckshdwnthe Fegd-#d.arda.ShawnFig. FB. dddl icadeh Tdchyégicid aara

P A T iposed in the ledd-in area, Pogether With other date PRt may
be used for different purposes. The program area shown in Figa.'
4A and 4B is comprised of N tracks. where N ig variable. The
sector address of.the first track of the program area is
identified as address 0; and the total number of tracks includéd
in the program area is dependent upon the amount of information
stored on the diak, and since the number of sectors included in
each track likewise is variable, the sector addresses of the lead
sectors of tracks 2, 3, ... N are variable. Of course, the leaq—
ocut area commences after the Nth track is recordea.

. In one embodiment, the data recorded on a given disk
may admit of different applications. However, it is preferred
that all of the data recorded in a respective track admit of the
same.application. .

Fig. 5 illustrates another disk configufation wherein
TOC information is recorded in the lead-in area from, for
example, sector =32 to sector -1, as was the case in Fig. 4, and
a copy of the TOC information is recorded in fhe-program area.
In the example shown in Fig. 5, the copy_of.the TOC information
is recorded in at least one track whose leéa sector is, for
example, secéor number 1024. Since the size of the TOC region is

fixed at 32 sectors, as will be described, the last sector of the

copied TOC region is sector 10553 and the lead sector of the



rep'resent ation of -such 1-'byte data is shown in Fi-g.' 43. Depe
val ue of the*streamtype byte, the -streamto which the strean par anqtlsr SEP 1935
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poi ntér points identifies the data included in this chapter gbDMEEG:. 1. 0. 9., |

conpressed video data, MPEG 2 conpressed vigleo data, MPEG 1 - F
audi o data" MPEG 2 conpressed audio data, a further type of MPEG conpressed
data, title data or PCM audi o data. Thus, this 1-byte streamtype data

included i n hbReStS LMY ABBECladd &l Adik0 1 Wk §ont Pes St ra%a@ee%5§”?6§§.  one

pointer points satisfactorily identifies the necessary paraneters o
stream of datreaseuw|fisteprionitibeg chagmr ofAthal 90C ShwFdrmdt ibind indthet PLogram
4-pbyte stream paranmeter field includes 1-byte stream|D data which
identifies t.ﬂEe"r‘lLH‘ﬂ)éiha&f SOFE cepRPWie i Arplinat iane daindtpleasddyi necdgnize
chapter. Conglgl eRlooldell §RCa A SAC I T SGUSSL O LRE S8 ThL 5, Pyd e MY
sectors -32 to -1 of the TOC information recorded in the lead-in
area). |
Still another embodiment'df the data configuration
recorded on the optical disk is illustrated in Fig. 6, wherein
the TOC region is provided in the program area at sedtoré 0 to
31. Here, the recording of TOC information in the progfam area
differs from the recofding of TOC information in the program area
of Fig. 5 in that the Fig. 6~arrangement does not include a copy
of the TOC informatién. Nevertheless, since the TOC information
is recorded in positive sector addresses in Fig. 6, the
. possibility of misinterpfetation due to the difficulty of
recognizing negative sector addresses by a computer is obviated.
In the embodiments of Figs. 5 and 6 wherein TOC
information is recorded.in the program area, it is appreciated
that the TOC region is éegregated from data files which are
particularly relevant to the computer with which the optical disk
is to be used. .Fig. 7 illustrates a still further example of the
data configuration recorded on the optical disk and illustrates
the TOC region to be located from sector address 32 to sector

address 63. In this arrangement, information recorded in sectors

0 to 31 is reserved for computer files that are particularly
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of only one “stream of data (e.q. 7 conpressed vi deo data) two gt of
data (e.g., conpressed video and audi o data or conpr essed i(ﬁeﬁﬁs%

data) or three streans of data (e.g., conppessed video, audro and trtre
data). Fig. 41 further illustrates that the 4-byte stream of paraneter
field includes 2-byte | anguage data which identifies the | anguage of the

audi o i nfor iiUbHTé Ebthﬁe|égﬁﬁﬂggﬂ(H}Q%Qﬁtwﬁgﬂ &ﬁiéﬂ“ﬂh&g%gtieaiha§sk is

chapter. In e foregoing discussion, ‘it has been assuned
to be used. Thus, in the embodiments of Figs. 5, 6 and 7 wherein

TOC informgtion is. recorded in the program area, such TOC
information is segregated from and, thus, does not interfere with
file system data that may be recorded on the disk. Such file
system data may occupy several sectors ér several tens of
sectors; and since the TOC information is recorded in a fixed
number of sectors so as to occupy a fixed TOC region, there is no
interference by the TOC information with such file system data.
As mentioned above, in the preferred embodiment TOC
information is recorded in 32 sectors. Preferably, although not
necessarily, each sector is comprised of 2048 bytes and an
example of the TOC information recorded in a TOC region is set

out in the following Table 1.



the 2-byte stream-paraneter pointer i ncluded in the chapte‘ [a% o)
area ircludes several pointers. Alternatively, only one po n%e%tiégk"%gshsET
i ncluded; and if the chapter consists of two or three nulti xed bfﬁ@@psmms

of data, as represented by the 1- byte strgam ID data incl a1 o

stream paraneter field (Fig. 41), successive stream paraneter fields are

|l i nked to provide the necessary representations of the types of streans
that are nmultiplexed in this chapter. For exanple, let it be assuned that a
singl e stream paraneter pointer is included in the chapter information area
and that this stream paraneter pointer pabhéslto stream paraneter no. 25.
Let it be further assuned that tHls chapter conS|sts of nultiplexed vi.deo,
audio and title data. The 4-Hak LoSANEants - td,

stream par aneter—ng. 25 t b
stream par affep££; 4 1\&lfls nos. 25 26 and 27 and I|nked by thia strean1|D
. Bytes

Disc Information 2048
Track Information (l-st Track) 32
Track Information (2-nd Track) . : 32
Track Information (3-rd Track) - 32
Track Information (N-th Track) . 32
Reserved . . 63488-32N
TOTAL : | 65536

From the foregoing table, it is appreciated that the
TOC information includes one sector dedicated to disk
information, described more particularly with respect to Table 2,
and up to 31 sectors in which track information (see Table 3) is
recorded. The TOC region also includes a reserved area for the
recording of information that may be useful in the future. In a
practical adaptation of the optical disk of the present
invention, user information may be recorded in N tracks where.
for example, N=256. Tha-track information which is recorded in
the TOC region relates fo the data that is recorded only in a
corresponding track, as_ﬁill be described in conjunction with

Table 3.
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stream*paraneter pointer is used, the three stream paranet ggg%gcg, ﬂééf@ﬁT
to idéentify the three types of streams that are nultipl exed KRt hiys
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chapter. Thus, with a single stream paran®ter pointer, thr (RVi

paraneter fields nevertheless are identified in the pool of stream
paraneters to thereby represent the formats of the conpressed video,

-conpressed audi 0 and ghle! kgt dafiRi s Cd#bRd thitebhtSe (el Qnf obEBESN Of
Streanms: This 1- byte data sinply identifies

recorded in the TOC region is shown in the following Table 2:
Table 2
‘Digk Information -

Field Name - : Byte(s)
HD=-CD ID 8
Disk Type 1
Reserved for Disk Size 1
Lead Out Sector Address 3
Reserved for Multi Session Parameters ' . 20
Reserved for Writable Parameters 20
Volume Number : 1
Total Volume Number 1
-Catalog Number ' 16
Reserved for Application ID Strings 8
Disk Title in English/IS0646 - 16
Local Language Country Code '3
Length of Disk Title in Local Lan. (=N) 1
Disk Title in Local Lang. N
First Track Number 1
No. of Track Entry 1
Reserved : 1947-N
TOTAL ' | 2048

The fields which identify the disk information are described more
particularly as followss
'ggzgg_;gz This field, comprised of 8 bytes, contains a

character string that identifies the data structure recorded on



‘the nunber of streans that are used in this chapter. In th RE#MM@E%ENrSHEET
di scussed above, if only conpressed video data is recordedjin th C ter,
than the value of the 1-byte nunber of streans field is 1. Iﬁm5{1 ________ kéké ________
is formed of two nultiplexed streans of da$d (e.g., conpre
conpressed audi o or conpressed video and title), the value of the nunber of
streans field is 2.* Axe if Llxzee ulul L~i pl exed uLLenm of dualLa atte used
in this chaprerdisk.g. lncé@ﬁ'ﬁrlést@%l M%@tr@@ﬁﬁif@sybéc%u?eﬁ di%ﬁﬂjth FPE}’GB%Wan

t he val ue of the nunber. of tre ns field I t reC| at the _
nunber of sTPeahRiqT ™A &°@an éhﬁﬂiﬁﬁfqﬁﬁﬂqﬁane?hﬁ° Pe stream

parameter fi ISS’:S:FI ddn Ang 'thQKSQt.—L % AR Y %hﬁ 8&9@{-5 Chfor”l: g@ié usgged

to record t apter. Pointer to Entry Point: Is 2-byte fi e
simlar to the Shd R BeRAbRIRhEN 190t HI-IDOANH , i I&ﬁéudeﬁa ae'tﬂﬁid'ﬁtﬁl’e wat6Rded

on the disk is of the type illustrated in Fié. 4, the data
structure used to represent TOC information is as shown in Table
1, the data structure used to represent track information is as
shown in Tables 2 and 3 and the data structure of the sectors of,
for example, the user data tracks. is as shown in Table 4 (to be
described). Different data structures may be identified by the
character string “"HD-CD002", "HD-CD003", etc. The particular
character string which is recorded in this field is detected by
the reproducing apparatus which permits proper interpretation of
the played back data consistent with the sensed data structure.

Disk Type: This l-byte data identifies the type of disk
as, for example, a réad only disk, a write once read many (WORM)
disk or an erasable disk (such as the writable optical disk known
as the "Mini" disc). -

Reserved For Disk Size: This l-byte field is used to
identify the size of the optical disk. For example, a disk
diameter of 120 millimeters may be identified by a byte whose
value is "1", a disk whose diameter is 80 millimeters may be
identified by a byte whose valﬁe.is “2", and so on. In addition
or, alternatively, this field may be used to identify the storage

capacity of the disk.

et e e e v e e T A M o Wi r TR et st



identifies a 4-byte entry point field included in the pool TRFPL@%%WENT§HEEf

REPLACEMENT "SHEET Date:....5..SERI SSS 90 entry point inforngti6n
Fig. 40. As nentioned above, it is expected that each chap eﬁmQag EeSEP
therein several 'I- pictures. Each .I-pict8e may be recorde n_Gie: oy pore”

sectors. The address of the first sector in which an I-picture is recorded
I s designated an entry point. The entry point pointer included in the
chapter information atéwd Guthisdctdrd Addfedidi Mhd st G-Bife Of idESRIti i es
poi nt's included in the entry point pool (Fig. 40); and, preferably, the
entry point thel atdresserf itheeLirhe ee¢tor in the lead-out area.

Reserved For Multisession and Writable Parameters:

These two-fields, each formed of 20 bytes, store information

which is particularly useful for erasable disks or for WORM disks
and is not further described herein. |

Volume Number: This l-byte data field is used when
several disks constitute a collection of data for a particular
application. For example, if the collection includes 2, 3, 4.,
etc. disks, this field identifies which one of those disks is the
present disk.

Total Volume Number: This l1-byte field identifies the
total number of diaks which constitute the collection in which
the present.disk is included.

Catalog Number: This 16-byte field is used to identify
the type 5f information or program that is recorded on the disk.
Such identification constitutes the "catalog number" and is
represented as UPC/EAN/JAN code presently used to identify
various goods.

- Reserved For Application ID Strings: This 8-~-byte field
is intended to identify the particuiar user application for this
disk medium. At present, this field is nét used. |

Digk Title In ®English/IS0646: This 16-byte field stores
the title of the disk in the English language, as represented by

the IS0646 standérd. Although the actual title of the disk may




poi.nt field in which the first entry point of this chapter[f @@ﬁeéi
Each 4-byte‘entry point field shown in Fig. 40 exhibits tt1ed%§g§6§ ructu
shown'in Firg. 42. As illustrated, entry point data includes 1-

e ?9‘5#9

chapter nunber which identifies the chaptes which contains
and a 3-byte address which identifies the sector of this entry point. 't
wi || be recognized that the 3-byte sector address identifies the address of

the first seqd qn LRcYHEEN LMhsa e.ph%kuhﬁ h$ah e flRGeibh bs gxpected that a
chapter contains hundreds if no thousan s of |- pictures. Each I-plcture

consti t ut es curreapbyding NEngPrelf dicahitifiabtion édhechartt tytpei hs sréqoraled in
chapter are |inked such that information representing the first entry point

in the entrythis Adepdel T8 ??hﬁﬁlthgélﬂyntﬁe ehe rEieded WﬁYpﬁ?ﬁﬁ%&n|%1hﬂﬁﬁ§r

h r infor i on ar r nting, t he nex ntr
¢ ap;e 2 n%&egteg ggmbé¥uo e%sgotas é é%cé%&édgtg %ngflgh titles of

lesser or greater length.

Local Language Country Code: This 3-byte field is
intended to iaentify the actual language of the title of the
disk. For example, if the actﬁal title of the disk is in
Japaneée. this field reéords the' "local language country"” as
Japan. If the title is in French, this field records the "local
language éountry“ as France. The code recorded in this field may
exhibit a numerical value corresponding to a particular country
or, alternatively, the field may be as prescribed by the IS03166
standard. If it is desired not to utilize this field, the
character string redorded therein may be OXFFFFFF .

Length of Disk Title in Local Language: This l-byte
field identifies the number of bytes that are used in the "Disk
Title In Local Language" field (to be described) to represent the
title of the aisk in tbe local language. If the actual disk
title is not recorded in a language other than English, the "Disk
Title In Local Language" field is left blank and the numerical
value of this "Length Of Disk Title In Iocal Language" field is
.0.

Disk Title In Local Language: This N-byte field

represents the actual title of the disk in the local language.



in this cﬁépter is recorded in the next entry point field in ﬁ@plgangNﬁquET'

sO on., For éxanple, If there are 500 entry points in REPLACENENEEE

91 Date:.1.5.SEP.. this chapter, 500 sugceggi:VEYem: yNwN
£+44+kp+§r________,

point fields are linked; and the flrst of 3shese entry pointli
identified by the entry point pointer. The nunmber of such |inked entry
point fields and, thus, the nunber of such entry points included" inthis

chapter are repeeapbetedYedte AUFISE LT wﬁgdafgééownf 5859% éb@ ddt Fi 9.
37. Nunber of Entry Points: This 2-byte f didentifies the to number
of entry poisttandalrdt bt ergpresanit dhiskhtstTdaptaatd such local language
" standards are expected to be used as the data recorded in this
field. It is appreciated that the number of bytes which
constitute this field is variable.
. First Track Number: This l-byte field identifies the
number of the track which coﬁstitutes tﬁe first track that
contains user information. For example, if the TOC information
is recorded in a single track, and if this single track is
identified as track 0 in the program area, then the number of the
track which constitutes the "First Track Number" is 1.
| Number of Track Entries: This l-byte field identifies
the total number of user tracks that are recorded. It is
appreciatéd that if this field contains a single byte, a maximum
of 256 user data.fracks. that is, tracks ﬁhich.contain user
information, may be recorded.
The data recorded in the track information fields of
the TOC data shown in Table 1 now will be.described in

conjunction with the following Table 3:



and, as nentioned above, thus determnm nes the nunber of entr
included in‘the pool shown in Fig. 40 that are linked. It iy apprectar
that, by detecting the entry point pointer_and the nunber o Ly Hos

both included in the chapter information at%a, the location al n#ﬁ¢§@g5m.

ﬁﬂﬂcé@ﬁ\iﬂ%ea

point in this chapter is identified. This nunber of entry point data
permts quick access to an arbitrary entry point included in this chapter.
Since the location of the first entry pehpiei® known by the entry point
pointer and the entry point field identified by this pointer, and since the
| ocati ons of subsequent entry poi ntxackkinfeemsgiriorknown by reason of the

i nked entr ly sinple matter to rapidl

access the fhird or twenty- Lfih r_one- hundred seventy fourth ept ol 1}t ,
. F'1e m

as may be d — : &rs%1é@%ﬁ?eﬂﬁﬁﬁr4%ﬁﬁ%Hﬁﬁﬁﬁf%4ﬁ%++&f%§%£%8£h#—
Track Number 1
ECC Type 1
Speed Setting 1
Start sa 3
End SA 3
Time Code at Start Point 4
Playing Time 4
Mastering Date & Time 7
Reserved for Application ID Strings 8
TOTAL . : 32

The information recorded in each of the fields which
constitute the track information of Table 3 now will be described
in greater detail.

Track Number: This l-byte field identifies the number
of the track represented by this track information. Since one
byte is used to identify the track number, it is appreciated that
a m;ximum of 256 user data tracks may ge recorded. Of course, a
single track number is used to identify a respective track, and
no two trackg on this disk are identified by the same track
number. Although it is preferred that the successive tracks are

numbered sequentially, it also is appreciated that, if desired,



St andard Recor di ng Code which identify a nusical program eﬁEF’lQ-ﬁﬁtMENTbHEET

REPLACEMENT * SHEET Date 15 SEP 1 92 in this chapter.. If this c gﬁ& oes
not contaih a nusical program the |ISRC data is recor ded ADat:. Dyt el Q ___________

FF. It is appreciated that the appli cati op7 TOC regi on and
t he- af orementi oned ATOC infornation may be readily generated by TOC encoder
125 (Fig. 1) or by a separate ATOC encoder coupled to yet another input of
switch 124 fathr ecacklingy ibe abeigR¥ANP! Landdi€ rumbal bhaCknod Ld1RicH RARBAY

area of the optical disk. Wile the present invention has been particularly
shown is identified by the "Track Number* field.

ECC Type: This l-byte data identifies the error
correction code which is used to encode the user dafé recorded in
this track. For example, the ECC type may be either long
distance error correction code, known as the L format, or short
distance error correction code, known as the S format. The
difference between the L format and the S format is described
below.

Speed Se£§ipg: This l-byte data identifies the data
tranasfer rate by which data is recovered from this track. For
example, if a reference data transfer rate is 1.4 Mbps, the
"Speed Setting" field may exhibit a value represenfing 1 x this
reference ratg or 2 x the reference rate or 4 x the reference
rate or 6 x the reference rate. Fig. 8 is a tabular
'representation of this "Speed Setting" field; and it is
appreciatgd that the data transfer rate need not be an integral
multiple of the reference data transfer rate, as represented by
the value "FF". The byte value 0 for this field, as shown in
Fig. B8, represents that real time read-out of data is not
required. It is appreciated that computer data, as opposed to,
for example, video data, does not require real time read-out. |
Hence, if computer data is recorded in the track identified by
the "Track Number" field in Table 3, thé value of thé'"Speed

Setting"” field is set to 0.
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and descri bed mnth reference to preferred enbodiments, it will be r
apparent to’'those of ordinary skill in the art that various c &?@s?ﬁdéélp 1%

vari ati ons ‘may be made without departing fromthe spirit and SCOPE o tHe—— —

i nvention. To the extent that such variatB#®ns and changes have been

menti oned herein, the appended clains are to be interpreted as including

such variations and changes as well as all equivalents to those features

whi ch have been partigtd¥ ldadliEnal 666tor AddRERsAEEVEAT: SHrEEe 13-byte

Dat . . 5 SE ...... | 93 WHAT IS CLAIMED I S: -

I 1 fields ldéﬂﬂlﬂﬂJMhe address of the start sector of the track
identified in the "Track Number" field and the address of the end
sector of that track. Since the number of sectors included in a
track is variable, the start and end sector addresses of a given
track are not fixed. Hence., these fields are useful when
carrying out a high speed access operation of a desired traék.

Time Code At Start Point: This 4-byte field identifies
a time code for the start sector in the track identified by the
"Track Number® field. It will be appreciated that if the user
information represents'video data, such video data may be
recorded with conventional time codea and the start sector of the
track which contains such video data is recorded in this "Time
Code At start Point" field. If time codes are not recorded with
the user information, this'field may be left blank or may be
provided.with no data, such as the character code 0.

Playing Time: This 4-byte data represents the overalil
playback time for the program information that is recorded in the
track identified by the "Track Number" field. For example, if
the user informaticn in this track is an audio program, the
playing'time for thia‘track may be on the order of about 10
minutes. If the user information constitutes compressed video
data, the playing time may be 2 or 3 or even up to 15 minutes.

Mastering Date and Time: This 7-byte field identifies

the date and time of qreation of the master disk from which this‘



1. An optical disk having a dianeter |ess than 140mm a t hijjcRERIACEMENT SHEET
O 1mm "a plurality of record tracks having data recorded thgreon gs

enbossed pits representing-information, the tracks exhibiti gD%tepﬁtghsEﬂ 1995
t he range between 0. 646pm and 1. 05pnp saix tracks being div
| ead-in area, a program area and-a | ead-out area; said recorded data being
recorded in a table of contents (TOC) region and in plural data track
regrons w t@p@ﬁié’l H¥ax' GdbORabE! NG 5@°§.‘§d | PaB@] & | RG8k-darn@bh€8onsSaEd TOC
region containing TOC i nformation and at | east sone of said plural data
track regi oplwi€ofilcdidli Nngfugesited Ortflsd dieldachadi by MEGceaATpyesakl datkeo
data and conpressed audio data; said TOC information being recorded in a
first plurareépsessntedcbyr sharaskdn cPA8 Gegi on and sai d user information
being recorded in a second Iurallt Of sectors in, sald l.u data_ira
regi ons; each data trrEEREFE e e Pespte ; ' 'Iﬁ"‘ %t'm’e 5+%I1‘§rOC

is intended to store information representative of the particular

application for which the data record in the track identified by
the "Track Number" field is to be used. This differs slightly
from the "Application ID" field in Table 2 because the Table 2
field is intended to identify the type of application or use
intended for the entire disk, whereas the "Application ID" field
of Table 3 simply the identifies the type or use of the data
recorded in a particular track on that disk.

Referring now to Fig. 10, there is illustrated a
preferred embodiment of the.data structure of a sector of user
information. TOC information also is recorded in sectors, and
.the structure of such TOC sector is similar. The following Table

4 identifies the fields of the sectors shown in Fig. 10:



i nformation including addresses of the respective start sect :rﬁr;@w{:@mﬂwcm
TOC information and said user information being recorded as fipdul ated [ ong

di stance error correction encoded data having at |east eight gggtétl/ﬁ SEP

synbols. 2. The-optical disk’ of Caiml erein said data i $—teecord 2
enbossed pits with a linear density in thé range between O 237pm per b|t
and 0. 378pm per bit. REPLACEVENT SHEET 1 111111 111111111111111111 |

P'1l Date .... 5..SEP. .. L M Trable 4 Dat~er...5..SP95 94 3. The

optical disk of claim1l further conpristng at

Sector Construction

Field Name | Byte(s)

Sector Sync
CRC

Subcode

Pos-in-Cluster

Address

Mode

Sub~Header

User Data 204
EDC

QW W = W = U N N

Reserved - 12
TOTAL 2088

It is seén that a sector is comprised of a sector
header which contains 24-bytes arranged in one eﬁbodiment as
shown in Fig. 10A, followed by 2,048 bytes of user data, 4-bytes
of error detection code (EDC) and 12-bytes which are reserved.
Preferably, a number of sectors constitute a "cluster", and as
one example, a cluster is comprised of 8 sectors or 16 sectors,

as may be determined by the preferred format.~
A more detailed explanation of the different fields
which constitute the sector shown in Fig. 10A now will be

provided.



| east one additional TOC region containing duplicate TOC i n{log#®td QR and

di sposed in said lead-in area. 4. The optical disk of Ca %%ﬁ{tﬁqﬁﬁ' SHEEY
conpr’i sing an application TOC regi on di sposed in said progr Tr@a’{\é ea laﬁdSEP 1995
contai ning application table of contents 43ATOC) i nf or mati onlk PRV |
predet erm ned paraneters of the MPEG conpressed video data and the

conpressed audi o data recorded in respective data track rpgi onf. 5. The
optical - di sk of C ai gedrvbesphd: e d REGyteorpeesses sdaRa data in a
respective data track region is encoded In a selected one of plural video
conpr essi orpfesiaimirsinedebib npatessod wilidiho idareadile ntdedednaad sehhizdt €id one

of plural audio formats, and said ATCC information includes plural format

i dentifier MRS Y GAREIRGEREE threomy itheo debapPakiein inrdudadi B fanvmat s

used in eac£¥é¥¥i%igagcgfrggéég%or. The accurate detection of the sync

pattern may be confirmed sensing errors which are interpretated
fr&m the information reproduced from the ;ector. If a large
number of errors are detected continually., it is safely assumed
that the sync pattern has not been accurately sensed. |
Alternatively., and preferably., the demodulator which is used to
convert 16-bit symbols to 8-bif bytes (or, more generally, to
convert an m-bit symbol to an n-bit byte) may include suitable
conversion tables which are not operable to convert the sync
pattern to a byte. The sync pattern is assumed to be present
when the demoduiatof is unable to find an n-bit byte which’
corresponds to a received m-Bit symbol.

Cyclic Redundancy CQae (CRCY: This 2-byte field is
derived from the subcode data, the cluster position data and the
sector address and mode data included in the sector header. Such
CRC data is used to correct errors that may be present in these
fields.

Subcode: This 5-byte field is described below.

Cluster Position: This l-byte field identifies the
particulér order in the cluster.in which this sector is located.

For example, if the cluster is formed of a 8 sectors, this field



6.

The optical disk of Caimb5 wherein said application T &0 = -
i ncl udés a paraneter section containing a plurality of para ﬁéﬁ¥ﬁﬁw%FT°HEET
each paraneter field containing format |1 D data identifyi ng slgﬁblggs

conpression format or an audi o fornmat ant? sai d application rnm faYa)

further

i ncl udes plural track sections, each being associated with a

respective data track region and each containing at |east one paraneter
field point %aehelﬁféémepa&l%ceﬁaer@é@éoxz B @hgoaaﬁwl Ngeddifi, thGkal JfLFI

f~in

] REP LCEWNT SHEET

P 1995. 95 fornat ID

data whi ch ietlent sét¢®sr tite thede@usbaps essi on format or

Address: Thié 3-byte field constitutes the unique
address for this sector. Since the address is represented as 3-
bytes, a maximum of 64K sectors theoretically may be recorded.
Figs. 4-7 represent the sector,addreéses of differen# user data
tracks.

Mode and Sub-Header: These fields are conventionally
used in CD-ROMs and the data represented here is the same as that
conventionally used in sﬁch CD-ROMS . ’ |

User Data: 2,048 bytes'of information are recorded in

' the user data field. For example, computer data, compressed

video data, audio data and the like may be recorded. If video
data is recorded, the MPEG standard may be used to-compress that
data, as described in standard Iso1381-1. |

Error Detection Code: This 4-byte data is cyclic code
which is added by EDC adder 127 (Fig. 1) and is used to enable
the detection of an uncorrectable error-iﬁ the sector.

Fig. 10B schematically illustrates another embodiment
of a sector header, this one containing 20-bytes. 'The fields of
the 20-byte sector header of Fig. 10B are similar to the fields
of the sector header shown in Fig. 10A, and to aveid unnecessary
duplicative explanation, are not further described. |

A detailed discussion of the sub-code field now is

provided in conjunction with Figs. 11A-11E. It is appreciated



audi o format used in the associated data track region. 7.
di sk of Claim 6 wherein at |east ](t)ne track section in sai(] REPHACMENHSHELY
region contains plural paraneter field pointers to designgte a { 58

correspondi ng nunber of. paraneter fields, gghereby identif |%et'he--v+-aféf0139-5-

conpression format and the audio format used in the data track regron
associated with said one track section. 8. The optical disk of Claiml,

further comphihgi B AMUKRIGC 31008 TO RS Qb LicHP@R80ph P Sk £t rya%g@baf ea
and contai ning application table of contents (ATOC) ihformation idehtifying

as entry poaddisegarportiloar aneChodsbyte atatn Gaird ibhdCkThe€graTud I3t teentain a
sel ected type of MPEG conpressed video data. 9. The optical disk of Gaim
8 wherei n sAPErRFE@ROEGHAN Se3¥Es IEeetdenktify $heetypei 0€| Jatoniatsdd of

| ntrafrane recorded in the data portion. For example, and as shown in Fig.

11a, if the value of the address portion is 0, null or zero.data.
is recorded in the data portion.

If the value of the address portion is 1, as shown in
Fig. 11B, the data portion is provided with the'foliowing l-byte
informations

Track Number: This data identifieé the number of the
track in which the sector containing this sub—code is recorded.

gogzrightéd: This byte exhibits the structure shown in
Fig. 12 wherein a "1" bit represénts that copying of the
associated user data is prohibited and a "0" bit indicates that
copying of the associated data is permitted. The bit positions
of the copyright byte identify the type of user data for which
copying is selectively prohibited or permitted. As shown in Fig.
12, the identified user data is analog video data., analog audio
data, digital video data, digital audio data, and the like. For
example, if the user data in this sector is digital video data
and if copying of that digital video data is prohibited, the
copyright byte may appear as “06100000".

Application ID: This indicates the particular

application intended for the user data that is recorded in this

sector. Examples of typical applications are shown in Fig. 13 as



encoded plcture data or predictively encoded picture data; ﬁﬁﬁLﬁéEﬁEﬁ?@ﬁEﬁT
information*identifies entry point sectors in each data tr qosn
containing intrafrane encoded picture data. 10. The opticg Dg@sknum“§fﬁj _________

~wherein said application TOC region includés an entry poi seeti-on
containing a plurality of entry point fields, each entry point field
containing a sector address representing a sector i-n a data track region

cont ai ni ng éo@ga&mt@qtp%ia@& i dedl/adbi BB £AC 0L Y ke idatacoAlkh Sai d
application T regi on further” includes jf|lelllllllllll 111

REPLACEMVENTLSHEHE Gectbr, Sthe applicatioh SEPAPOS i @e represented as .the
...... character 0. |

ECC Type: This data indicates whether the user data is
ECC encoded in, for example, the L format or the S format, as
shown in Fig. 16. oOther types of ECC codes may be represented by
otheflvalues of this ECC type byte.

If the value of the sub-code address is 2, as
represented in Fig. 11C, the data portion represents time code.
That is, if the user data recorded in this sector is variable
over time, as would be the case if such data is video data, the
time code data recorded in the sub-code field represents time
_information at which the user data is recorded. An example of
such time code data is represented in Fig. 14. It is appreciated
that 2-digit BCD bits are used to represent the hour, minute,
ocoond and frame at which the uoer data in thio ocotor is
recorded.

If the value of the address portion is 3, as depicted
in Fig. 11D, the data portion of the dub—code field represents
the distance from the sector in which this sub-code field is
recorded to the first sector in which an immediately preceding I
compressed video pictu;e is recorded:; and also the distance from
this séctor to the first sector in which the next-following I
compressed video picture'is recorded. Those of ordinary skill in

the art will recognize that video data, when compressed in



96 plural track sections, each being associated with a res ' T
track tegi on and each containing at |least one entry point fij BEFLASEMENT SHEET
identify the entry point field containing the sector addre vvhi~cl' 8 :
represents the sector 'in which said begingg ng portion of i P&f&hwe--e%ee%--
picture data is recorded. 11. The optical disk of Caim10 ¥ ' '

application TOC region further includes data representing the nunber of
entry point d o] o di 1 T ti gal _di [m1
LY, DLt ASEELAed SANE SRR dt il Lany RSN off Sheshellplm |
recorded asegbeddenSiddo p38tutd] OfyEidAAny ahdwaakhsl 44 SK dikkLper gonprises
an application TOC region containing a plurality of chapter sections, each
cont ai ni ng prédictaitveorodedr vsdet | pirtnaspetypieathaptrewn denei Pi pattwrs.,
predéterm ned paraneters of the MPEG, . . . - .

and a bi-directionally predictive coded video picture, typically

known as a B picture. - The dafa portion of the sub-code fiéld

- whose address portion ﬁas the value of 3 thus indicates the
distances between this sector and the beginning of the next-
preceding and next-following I pictures.

If the value of the address portion is 4, as éhown in
Fig. 11E, the data portion includes l-byte picture type.
indicating whether the video picture that is recorded in this
sector is an I, P, or B picture (see Fig. 15), and 2~byte
temporal reference data which indicates the location in the
original picture display sequence of the particular picture that
is recorded in this sector. This tempqral reference data is
helpful during a playback operation because, as those of ordinary
skill in the arf récégnize, the location of compressed B-picture
data in the MPEG code sequence may be quite different from the
actual location of that.picture when the B-picture ultimately is
displayed. - .

The ECC format which preferably is used with the
present invention is the L format. A schematic representation of
an encoded “"data frame" is depicted in Fig. 17. The ECC "frame"
is referred to herein as a Cl code word and this word.-wheﬁ

recorded, éonsists of a sync pattern followed by 136 data
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conpressed video data and the conpressed audi o data record

respective chapter, and entry point data i.dentifying entry ipoi nt
whi ch sel ected MPEG conpressed video data are recorded. 13.} 'ﬂa&oﬁ&coﬁpl@g

di sk of Caim12 wherein said application 4£C region includes: Saac
name section containing a plurality of name fields  and said information in
a chapter section. representing chapter identification includes at |east one

Chaptor 1's. 1 SERPAEE the, SepfTopiin £y £ WU hBRe P RaR B RRRF ST

chapt er
go; L| | Daae wﬂiﬂ-bﬁEBe$895bed. the recorded "symbol" consists of 16 bits

(known as channel bits), whereas a byte typically is understood
to consist of only 8 bita. It is appreciated, however., that the
Cl code word, prior to conversion from 8-bit bytes to 16-bit
symbols, that is, prior to modulation of the Cl code word,
nevertheless consists of the construction shown in Fig. 17,
wherein it will be understood that the iliustrated symbols are,
in fact, bytes.

The manner in which the Cl code word structure is
generated now will be briefly described. 116 data bytes, or
symbolé, known as a C2 word, are supplied to, for example; the
ECC encoaer formed of memory 131 and ECC circuit 132 of Fig. 1.
A C2 hold section is added to the C2 word, preferably by being
inserted between two groups of 58 symbols, and a Cl hold section
is added to the end of the resultant 128 symbols. A hold section
merely reserves a location in the data stream in which parity
data subsequently is inserted. Thus, a preliminary €1 word may
be thought of as being formed of a group of 58 data symbols
followed by a C2 hold section followed by a group of 58 data
symbols followed by a C1 hold section. Then, C2 parity symbols
are genefated by, for example, modulo 2 addition. Preferably,
one dafa'symbol in one preliminary €1 word is modulo-2 combined
with a data symbol included in the next (or second) preliminary

Cl word. If desired, further combinations may be effected with a



97 :14. The optical disk of Caim.12 wherein said informati < :
section reprgsenti ng chapter identification includes track|nREbcCRIENT BUEET
identifying the data track region in which said respectiveflchapt ef SSSEP 1995
recorded. 15. The optical disk of- daim 147wher ein said i nf|dPHAEi-onn-a-TV.
chapter section representing chapter identification further I ncrudes

chapter nunber data for identifying the nunber of said respective chapter.

! ! . e
sacti on 1+ oprSREh AT AF hIdic e e B T IS BreliBryemiel (Azd.
i dentifying gy £al Ly, thny QlcsUdd ggsg .gtg'i ter pd’y ﬁ;{p?%rg%aﬁcy Y,

di.sk of Claim 1 wherein eac sect or , st and Secon
sectors inclaydsola isepkoduced by a similar combination of the next data

symbol in thia.first preliminary Cl word with reapec%ive data
symbols in the next-following preliminary ¢l words. In this
manner, C2 parity symbols are generated by combining a
predetermined number of data symbols of the same predetermined
number of successive preliminary Cl words. That is, if the €2
parity symbol is produced by modulo-2 combining two data words,
then one data word of the first preliminafy Cl word is modulo-2
combined with one data symbol in the next symbol position of the
next-following preliminary Cl1 word. If the C2 parity symbol is
produced by combiniﬁg three data symbols, then one data symbol in
successivé symbol positions from each of three successive
preliminary Cl words are combined to prodﬁde the c2 parify
symbol. And if'the C2 parity symbol is genérated by combining
four data symbols, fhan one data symbol in successi#e symbol
positions from each of four successive preliminary Cl words are
combined. |

As a preferred aspect of this ECC encoding, the data
symbols which are combined occupy successive positions in the
respective preliminary €1 words. That is, if the data symbol in
the first preliminary Cl word is the nth data symbol, the data

aymbol in the second preliminary Cl1 word is the (nth + 1)th data



header at a |eading portion thereof, said sector header cornl RERLACERENESHEET
sync pattern, a sector address, an error ‘detection code, a subc t

18. The optical disk of C aim 17 wherein said subcode data j Date g .................
sector includes ‘a subcode identifier and 48bcode informati A
i dentified by said subcode identifier. 19. The optical disk of Cla|n118
wherein said subcode identifier Is a subcode address. 20. The optical disk
of Claim 18 mh r ser |nfornat ths gict nforgﬁtbop is th
representing® e§pe |ve B TR 18T GS R PR ? Yo et iy Fectited

in at least gpe 2yhlddid yaddif ahkllb ohAEPI ACENENT SHE

When 12 C2 parity symbols are generated in the manner

just described, those 12 C2 parity symbols are inserted into the
C2 hold section of this first preliminary C1 word, thus forming a
precursory C; word. Then, 8 Cl parity symbols are generated by
conventional parityisymbol generation in response to the data and
parity symbols included in this precursory Cl word. The
generated Cl parity symbols are inserted into the C1 hold section
thus forming the Cl code word.

In the Cl code word shown in Fig. 17, the C2 parity
symbols are inserted between two groups of data symbols.
Alternatively, the C2 parity symbols may be 1oca£ed at the end of
the 116 deta symbols, that is, at the end of the €2 word. A
preestablished number of Cl code words having the structure shown
in Fig. 17 constitute the long distance error correction encoded
data. That is, a preestabliehed number of the Cl code words are
used as the L format ECC encoded data having the structure shown
in Fig. 18. As illustrated. 128 Cl code words are used, such
that i = 0, 1...127. Each Cl code word is comprised of a sync
code, or pattern, followed by 136 symbols S, SyieeeSjeeeS550
wherein j = 0, 1...;35. The circles shown in Fig. 18 represent
the manner in which the C2 parity symbols are generated. As has
been described above, the C2 parity symbols are generated for the

Cl, code word in response to the data symbols included in ceode
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region,” and ‘wherein said subcode information includes first fistance
i nformation representing the distance fromsaid given sector
in which picture information representing43 next preceding p

T EHEET

recorded and second distance information representing the distance ffom
said given sector to the sector in which picture information representing a .

next follow i chure. s recprdegd ical. disk .of C.ai.n18
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respective pictures having a predeterm ned display sequence,” and said

subcode i nf grhoemt Fdgsi Nt vales LBupeti densedyitigit pyabshsi Sp-s{Qr costdtdte ng

the type of conpression-encoded-data that is -
data and C2 parity symbols, and symbols S,,~5S,35 constitute Cl1
parity symbols. It will be appreciated that, since twelve C2
parity symbols are recorded in a Cl code wérd. up to twelve data
symbols can be corrected. Since these twelve data symbols are

' included in twelve successive Cl code words, a burst error of
twelve Cl1l code wérds can be corrected, which amounts to a
correctable error of 12 x 136 = 1,632 symbols.

. ~ An example of the S format ECC enceding is
schematically illustrated in Fig. 19. In the s format, the
twelve C2 parity symbols are divided into two groups of six C2
parity syﬁbols each, with one group of six C2 parity symbols
being added to 58 data symbois and the other group of six C2
parity symbdls being added td-fhe next 58 data symbols. Thus,

- rather than generatiﬁg tﬁe C2 parity symbols from data symbols
included in 128 Cl code words, the C2 parity symbols in the S
format are generated from successive data symbols includeé in 64.
Cl code words having the schematic represenfation shown in Fié.
19. Whereas the L format permits the use of C2 parity symbols to
correct errors in twelve Cl code words, the S format supports C2°
‘parity correction of up to six Cl code words. Hence, the S

format permits the correction of a burst error of 6 x 136 = 816

symbols.



recorded in said given sector and sequence information for iﬁgp{_,&éﬂ,‘@mgh@g
| ocation in said display sequence of the picture represent¢d '
conpr éssi on-encoded data that is recorded in said given se(tggte 45 SER. ]Qﬁ
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optical disk of Claim 18 wherein said user.information is \z blo-—ovor
time, and said subcode information incl ud@® tine code data representl ng’
time information at which said user information |s recorded 23. The

optical disk of Caim1l wherein sajd TOC inf on yepresentatiye of
record/ pl ayback char %188 FORPaLedF_RSECS 3;8 %’ ‘QS% ot &y TafEeNBhBer of

record trac&ﬁ-ﬂ%méegfjéyaé %ﬂgtdhgke been proposed heretofore, the use of

the L format or S formaf in accordance with the present invention
permits a reduction in redundancy from about 25% of érior art CD-
ROMs t§ about 15% in the present invention.

A sector formed of ECC encoded data in the L format or
the S format is shown in Fig. 21 wherein the sector includes a
sector header formed of 24 symbols and also is comprised of
eighteen Cl code words, each Cl code word having the construction
shown in Flg. 17. The 1last Cl code word included in the sector
includes four error detection code symbols and twelve symbols
that are reserved for future use. The sector header exhibits the
structure shown in Fig. 10. Nevertheless, errors that may be
present in thé‘sector header can be corrected generally by using
only the Cl parity symbols which are generated for that Cl code
word.

~As an aspect of this invention, the sequence of the
symbols included in a Cl code word as recorded in a track differs
from the sequence of the symbols that are aupplied for recording.
That is, and with reference to Fig. 1, the sequence of the
‘symbols supplied to mbdulator 140 differs from tpe seguence of
symbois supplied to switch 124. By recording the data symbols in
what is referred to herein as a disarrénged order, the
possibility is reduced that a burst error will destroy the data

to the extent that, when reproduced, the data will not be
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identification data for identifying | ocaPton of said TOC r -nh datna

configuration of said TOC region, and sector configuration of each of said
plurality of sectors. The -pticaal.disk. of Aaiml. whereir.aaid. .TQC

i nformati on j cIude res nta iLve o i sk Ze. e cal dISk
of aim1l \/\7ﬁer e’:pr’f_e%ggg 'P o%r%gtu 8h’ih nclétjhes a:a are é.ersggg?lt‘?ﬁ%/e of a

tine code asHdraagdoW, t@hé%&d&%ﬁ&ag‘ BEOERBI 4L sffubola® 1ﬁpéi§§fr£jdg°éﬁ of
Caim1 wherein said user
order enhances the possibility that accurate video pictures
nevertheless can be recovered even in the presence o% the burst
error. 'Fig. 20 is a schematic representation of the manner in
which the data symbols are disarranged for recording.

Lef it be assumed tﬁat data Symbols are recorded on the
disk in the order D, and let it be further assumed that éach cl
code word is formed of m symbols, with n of those symbols
éonstituting a- C2 code word (i.e. 116 data symbols and 12 C2
parity symbols) and m-n of those symbols constituting the C1
parity symbols. The relationship among i, j, k, m and n for
recording thus is:

k=mxi+2x j - m, when j < m/2

k=mxi+2x 5 - (m - 1) when j 2 m/2
If the data symbols appear on the disk in the recorded sequence
Dye Dy, Dzl... such data symbecls are grouped into an odd group
followed by an even grbup. For eiample, and assuming 136
symbols, data symbols D, = Dg constitute an odd group of odd
numbered data symbols and-data symbols D,; - D,;; constitute an
even group of even data symbols. It will be understood that
"odd" and "even" refer to the original sequence in which those
data symbols had been presented for recording. In the foregoing
equat;ons, i is the sequential order in which the Cl code words

are presented for recording, j is the sequential order of the m
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and sai'd TOC i nformation includes data representative of sai | sel eqd gd
pl ayback speed. 28. The optical disk of Claim1 wherein said |m@3f§t§EBel395

error correction encoded data is encoded 32y i nserting C2 and=Ci—ford
sections at predetermned [ocations in the TOC and -user information
supplied for recording and thereby formng prelimnary Cl1 words conprised

of plural d | s, natating C2 parit 'égbl,sinresgonsef[o.,a

pr edet er ni ngédﬂ%%%goge)(rinoig aggt gasgz/%%!%o%c_? Eﬁ?@)égi : g%ﬁéer‘x’&l‘h PefPifhaty the
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parity synmbols to forma precursory G word, generating Cl parity synbol's
in response Ro#abprecursory G word and inserting said G parity synbols
i'nto a 0 hold section to forma O code word, and -

' When the Cl code words having data symbols in the
sequence ‘D, D,, ... D,3; are played back from the disk, the data
symbols stored in ring buffer 217 of Fig. 2 are rearranged to the
sequence illustrated in Fig. 20. This sequence of Fig. 20 is
referred to as the arranged sequence and is formed of sequential
alternating odd and even data symbols which is the same sequence
as the data symbols originally pfesented to switch 124 of Fig. 1
for recording. It will be appreciated that the data symbols
which are included in the recorded Cl, code word in fact belong
in part to Cl, code word and the Cl, code word. That is, if the
Cl, recorded code word is formed of symbols Dyr Dys oo« Dy, the
reproduced Cl, code word includes symbols D,, Dy, ... Dy, D,;s and
the reproduced Cl, code word includes symbols Dyr Dyr wee Dy,

D3+ The sequential storage positions in ring buffer 217 of Fig.

2 of the symbols D, that are reprodﬁced_from the disk may be

expressed as follows:

i (k/m) = (kmod2) + 1

j = (m/2) x (kmod2) + (kmodm)/2
where i is the sequential order of the Cl code words that are-
read out of the ring buffer, j is the sequential order of the

sequence of the m symbols in each Cl code word that is read out
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I 15 SEP 1995 100 using a pre-established nunber of said Clj code ﬁqi i

sai d I'ong distance error correction encoded data. 29. The odfipgal 8 IS OT IR _
Claim 28 wherein said information that i<3recorded as said | HAREe——-—

error correction encoded data exhibit a synbol sequence different fromthe
synbol sequence of the information supplied for recording. 30. The opti cal

disk of Gal g\:%&’}gﬁ@/%&g&ﬁ ita G048, WAl di 82 R0ROLS - B - qdd A3dneYRD o
ynbols with the o nbol s being recorded together in an odd group an
the even synpgnsoleidie reeorded 9o &Iigkl an even group.

Although the present invention preferably records data
in the L format of ECC encoding, the teachings herein may be
employed with S format ECC encoding. Discrimination between the
L format and S format may be made by sensing the ECC byte in the
track information field of the TOC data, such as the ECC byte
shown in Table 3, or by sensing the ECC byte included in the
subcode field shown in Fig. 11B, whereiq the ECC byte of the
subcode field may have the structure shown in Fig. 16. BAnother
technique that can be used for ECC format discrimination
contemplates'using one type of sector sync patter when L format
ECC encoding is used and another type of Qector sync pattern when

" 8 format Ecc encoaing is used. Thus, nof only is sector
synchfonization detected but, at the same time, the type of ECC
format is sensed.

Yet another technique for discriminating between L
format and S format ECC encoding employs the addition of a
discrimination bit immediately following the sector sync pattern.

Still another technique for discriminating between the
L and S ECC formats is based upon the ability of the ECC
correcting circuit 216 of Fig. 2 to operate satisfactorily. For
example, if error correction assumes that the ECC encoded data is
in the.L format and error correction is not possible., it is

highly likely that the data actually is in the S format.
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is in the S8 format but error correction is not possible, it is
highly likely that the data had been encoded in the L format.
Thus, discrimination between the formats is dependené upon the
success or failure of error correction.

The ECC encoded data, whether in the L format or the 8§
format, constitute conveolution codes. A group of Cl code words
may be thought of as a block and such Cl code words may be block
coded in the manner shown schematically in Fig. 22. Here, in
addition to L format ECC encoding, the Cl code words are block
coded as will now be briefly described. Let it be assumed that
the data symbols in a preliminary Cl word constitute a C2 word
(as described above). Let it be assumed that the C2 words are
presentedlin the sequence c2,, C2,, C2;, etc. In Figqg. 22. the
symbols represented by an open circle are data symbols includeq
in the c2, word, the symbols represented by a filled-in circle
are data symbols included in the C2,, word, the symbols
represented by a triangle are data symbols included in the c2,,
word, the symbols represented by a square are data stbols
included in the C2m-word. and the symbols represented by an X
are data symbols included in the C2,, word. Since a block code
consists of 144 Cl code words, but each Cl code word includes
only ‘128 data symbols (including C2 parity symbols) it follows
that one data symbol in the Cl,, code word cannot be included in

the illustrated block and is expected to be included in the next-
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Claim 1 wherein said TOC and user i nformation are nDduIated,fﬁé reqng §

by reading froma selected one of plural %torage tables a 2fk
response to an n-bit byte supplied for recording, the selected storage
table being a function of the preceding 2n-bit synbol that had been read.

34. The optigal ai e S sive 2n-hit.sy ) run
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the same n-bit byte. 36. The .optical disk of ‘aai*h 35 wherein the 2n-bit
and, therefore, the last data symbol of the Cl,, code word is
“folded back" into this block as the last data symbol of the Cl,
code word. Similarly, the last two data symbols of the C1,, word
are expected to fall within the next—foliowing block, but because
of block coding, these two symbols, identified as data symbols
126 and 127, afe folded .back into the Cl, and Cl1; code words,
respectively. Stated ggnerélly, those data symbols of a C2 word
which otherwise would be included in the next;following.block are
folded back to the beginning of the illustrated block such that
each Cl1 code word included in a block of 144 Cl1 code words
includes interleaved data symbols from 128 of the 144 C1 code
words, as shown.

Each block consists of 8 sectors, whereby a block
includes more than 16K bytes. Error correction can be carried
out on a block-by-block basis. |
| Fig. 23 is a schematic representation of the block
coding of S format ECC encoded data. The same principle that is
used for the block coding of L format ECC encoded data, as
discussed in conjunction with Fig. 22, is applicable to the block

coding of S format ECC encoded data. Here, however, each block
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sum value (DSV) and the 2n-bit synbols stored in the other off said t
storage tabl es exhibit negative DSV. 37. The optical disk of) Gz m 3

wherein the selected atorage tahlp i s dpséermnined ASR a funct kea—ei—the

nui mbpr of flos bits in which the preceding 2n-bit synbol term.nates and
accunul ated DSV of a predeterm ned number of preceding 2n-bit synbols. 38.
A met hod of JLaGOLOL NP dRTRB-8D 2R | &fla Fedli1 PAVELG aprumtsee hgsssLhan
140 mm a tﬁ ﬁnessr}g% 1.2cm*nr 8.1 4 'Ca,L M g LKGE RIT
SHEET 102 of more than 8K byeabe 1. S = S.LP..190A. ...

The modulatienitechnique used to modulate the Cl code
words for recording on disc 100 (e.g., the modulation technique
used by modulator 140 of Fig. 1) now will be described.

One type of modulation is 8-to;14 moduletion-(EFM)
which is used as the standard in compact discs, and one example.
of such EFM processing is described in Japanese patent
application 6-2655. In conventional EFM, an 8~bit byte is
converted into a 14-bit symbol (the bits of the symbols are known
as "channel®” bits because'they are supplied to the recording
channel) and successive syﬁbols are separated by margin bits.
Heretofore three margin bits were used, and these three bite were
selected to assure that the. Digital Sum Value (DSV) accumulated
from successive symbols is reduced. EFM is a run length limited
(RLL) code and, preferably, the shortest run length permitted in
EFM consists of two consecutive zeros which are spaced between
ls, and the longest run length is limited to 10, wherein 10
consecutive zeros may be present between is.

If two margin bits are used rather than 3, the possible
combiﬁations of such margin bits are: 00, 01, 10 and 11. In EFM,
a ﬁargin bit state 11 is prohibited. Hence, only three different
combinations of margin bits can be used to link (or separate)
successive symbola: 00, 01 and 10. But, depending upon the bit

stream of one or the other symbols which are linked by the margin



mm and a recording area divided into a lead-in area, a progr -

| ead-odt area, said nethod conprising the steps of: providi ﬁEﬁLRéeﬁEﬁ SesT
i nformati on including MPEG conpressed vi deo data and conpr eg
for recording in a plurality of sectors Bh user tracks; prow
contents (TOC) information for recording in a plurality of sectors in at

| east one TOC track, said TOC i nformation includi ng addresses of respective

start sectors, each identifyi start sector ,of a respective user.track;
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correction code having at |east eight parity sy nodul ating the
encoded usemsgnd TOC i nformation: recordi ng the nodul ated, encoded TOC

i nformati on as enbossed pits in said at |east one TOC track in said |ead-in
areal and recordi ng tFegnotulim @dschapatiég representation of a "string” of

data symbols separated by margin bitas. Each data symbol is

comprised of 14 channel bits and the margin bits are comprised of
2 channel bits. Thﬁs, margin bits M, separate data symbols D,
and D,; margin bits M, separate data symbels D, and D;; margin
bits M, separate data symbols D; and D,, and so on, with margin

" bits M, separating data'symbols D, and D ,,. Nevertheless,
assuming that the 14 channel bits included in a data symbol are
provided in 14 successivelbit cells and further assuming that 'the
margin bits are included in 2 successive bit cells.-successive
daté transitions in the string of channel bits depicted in Fig.
24 are separated by no leas than 2 data bit cells and by no more
than 10 data bit cells. |

A string of data symbols may include parify symﬁols.

and Fig. 27 illustrates a frame of such symbols beginning with a
sync pattern of.24 bit cells, followed by 12 data symbols (shown

" as 1l4-bit symbols separated by 2 channel bits), followed by 4
parity symbols, followéd by 12 data symbols and ending with 4
parity symbols. The sync pattern is illustrated as a high signal
level extending for 11 bit cells followed by a low signal level
extending for 11 bit cp'l.'ls_.-foﬂowpd by a high signal level

extending for 2 bit cells. The inverse of this pattern can be



information as enbossed pits in said user tracks in said pro
atrack pitch in the range between 0.646pm and 1.05pm 39.
d ainf38 mherein each of said steps of recording is operativ

bit and 0.378pm per bit. 40. The nmethod of C aim 38 further STy t1Te
step of recording at |east one additional TOC regi on containing duplicate

TOC information i n_sai ) .l RPLACENMENT, S cf 1111 J1 |
111111 1111‘”’e |:)oa’f"eg'd21J |§ﬁ| i% the 'two-BiE margin bits which

separate successive data symbols; and as mentioned above, in some
instances, cértain ones of the three permitted combinations of
margin bits cannét be used. Fig. 28 schematically répresénts the
conditions under which the margin bit combination 00 or the
margin bit combination 01 or the margin bit combination 10 cannot
be used. As will described, a signal known as the inhibit margin
bit signal M identifies the margin bit combination which cannot
be used. For example,_when M, , = 00, the margin bit combination
00 cannot be used. Similarly, when M, = 01, the margin bit
combination 01 cannot be used. And when M., = 10, tﬁe margin bit
combination 10 cannot Be used.

Let it be assumed that margin bits separate data
symbols D, and D,. Let it be further assumed that the number of
consecutive zeros at the leading end of data symbol D, is
represented as A and the number of zeros at the terminating end
of data symbol D, is B, .If A + B is equal to or exceeds 8
successive zeros (A + B = 8) then the margin bit combination 00
is inhibited (M, , = 00). .

If the most significant bit Cl of data syﬁbol D, is "1v
(A = 0) or if the next most significant bit €2 is "1" (A = 1) or
if the least significant bit C14 of data symbol D, is "1", the
margin bit combination 01 is inhibited (M, = 01).

If the least significant bit Cl4 of data symbol D, is

*"i" (B = 0) or if the next least significant bit €13 is "1* (B =
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respective user tracks. 42. The nmethod of C aim41 wherei
MPEG- conpressed video data is provided in a selected one of plural video
conpressi on formats d the canpr.essed, aydj o.data js provid [ - D

sel ected o_nel_)df Pl ﬁ?a?gﬁu T'0 format s}f:aé‘ﬁdgéléi%fjs fﬁﬁ*’% rsé"c“%?gi g RTOL"
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I dentifying the video conpression and audi o formats re¢Brded I n each user
track. 43. The net hodTbé fHreguidldy Buebhditiommprarss nptt hatsbdpg etclwcioedi Ng
a paraneter section in said application TOC region containing-a plurality
of paranet erardy &rgm, Féacﬂ%a#%ﬁﬁ @een that conditions may exist which

preclude the margin bit combinations 01 and 10 (both margin bit

conditions are precluded if the most significant bit Cl1l of data
symbol D, is "1" or if the least significant bit C14 of data
symbel D, is "1"). The number of inhibit margin bit combinations
is represented as NI. If NI = 0, all three margin bit
combinations may be used. If NI = 1, one of the three margin bit
patterns is precluded and the other two may be used. If NI = 2,
two of the margin bit patterns are precluded but thé third is
permitted. It willlbe appreciated that NI never is three.

.Turning now to Fig. 25, there is illustrated a flow
chart which represents the manner in which a margin bit
combination is selected for inse;tion by a margin bit genérator
between two data symbols. At step S1, the inhibited margin bit
combinations are determined for each set of margin bits M;, M,
« + « M and the number of inhibited margin bit combinations NI, ,
NI,, « « « NI likewise is determined. It will be appreciated
that M, and NI for each.set of margin bits to be inqerted
between data symbois may be determined from thé conditions
depicted in Fig. 28.

The flow chart then advances to inquiry S2 which

determines if the number of inhibited combinations for the margin
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For example, if the most significant bit of data symbol D, is

"lw, NI, = 2 and M,, = 01, 10. Step S3 thus permits only margin
' bit combinations 00 to be selected as the margin bit pattern M.
However, if inquiry S2 is answered in the negative,
then two or three different margin bit combinations can be
selected. The flow chart advances to step S4 where the inhibited
margin bit combination M;., for the n-th margin bit pattern (n72)
is determined. But, if the numbér of inhibited combinations for
the second margin bit pattern is 2, that is, if NI, = 2, then the
n-th margin bit pattern is construed as the (m + 1)th margin bit
pattern. That is, if NI, = 2, only one”margin bit combination
can be seiected for the remaining margin bit patterns M. The
flow chart then advances to step S5 wherein data symbol D, is
linked to data syﬁboll%'which is linked to data symbol D, « -
to data symbol D, by the respective margin bit combinations which
are not inhibited.
Thereafter, in sfep S6, since the margin bit patterns
up to Mn have been selected, and since the data symbolé up to D,
are known, the accumulated DSV up to D, is calculated. The DSV
determined for this data symbol simply is added to the DSV which
has been accumulated from previous data.symbols. Then, in step

S87, the margin bit pattkern M, ia .Aeleated as the partianlar
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said track section. 45. The nmethod of C &am 38 further comprtsing" the

format of the user information recorded in the user track s5&gi_e‘lt§dsgpt]§%5
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of recording application table of contents (ATOC) information in an
application TOC region in said programarea identifying as entry points
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i ntraframe encoded picture data. : -
projected DSV: and although the margin bit pattern under
consideration is margin pattern M, theltechnique for selecting
the appropriate margin bit combination for pattern M, as based
upon look ahead data. symbols D,, D;, . . .D,. Fig. 29 is a
graphical representation of the manner in which the projected DSV
is accumulated based upon “look ahead" data symbols. For
simplification, it is assumed that m = 3, that data symbols D,
D, and D, are known, that the accumulated DSV up to data symbol D,
is known and that margin bit battern M, is to be selected. Fig.
29A represents the 14-bit data symbol, wherein a "1" is
representéd by a transition and a "0" is represented by no
transition in the digital signal. The data symbols shown in Fig.
29A are the same data signals used in Figs. 29B and 29C. Fig.
29A represents the margin bit pattern M, as the combination 10:
Fig. 29B represents the margin bit pattefn M, as the combination
01 and Fig. 29C'represenfs the margin bit pattern M, as the.
combination 00. It is assumed that NI, = 0, meaning that there
are no inhibited margin bit combinations for margin bit pattern
M. It is further assumed thét the least significant bit of a
data symbol is representéd as "CWLL" and CWLL = 0 in each of data
symbols D,, D, and D;. Furthermore, based upon the most

significant bit of data symbol D;» margin bit combinations 01 and
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stream at the leading end of data symbol D,, margin bit

combination 00 is inhibited for M, (see Fig. 28) and ﬁIS = 1.

Fig. 29D illustrates the accumulated DSV that is
obtained up to the end of data symbol D, if M, = Or_if M o= 01 and
if M, = 00. 1In particular, curve a of Fig. 29D illustrates the
accumulated DSV when M, = 10; curve b represents the accumulated
DSV when M, = 017 and curve c represents the accumuléted DSV when
M, = 00. It is seen thaf at the end of data symbol D,, DSV = 3
if M, = 10; DSV = 1 if M, = 01; and DSV = -5 if M, = 00. Thus, to
minimize the accumulated DSV, the margin bit combination 01
should be selected for margin bit patfern M. But, if the margin
bit combination 01 is selected, the accumulated DSV at the end of
data symbol D; is seen to be DSV = -5. On the other hand, if the
margin bit combination 00 had been selected for the margin bit
pattern M,, the accumulated DSV at the end of data symbol D, is
DSV = 1. It is appreciated then, thét if the projected DSV is
examined, the particular margin bit combination that is selected
for margin bit pattern M, differs from the margin bit combination
that would be selected if the projected DSV is not examined. |

Fig. 26 is a block diagram of margin bit selection
apparatus in which the margin bit combination for margin bit
pattern M, is determinéd by locking ahead by up to m data

symbols, where m = 4. Thus, the accumulated DSV up to the end of
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respective chapter, and entry point data identifying entry pornt sectors
sai d respecthesmse= depisearenused to read out 14-bit symbols from a conversion

table 11 stored as a ROM. Successive 14-bit symbols ;re coupled
to an adder 13 which adds a pseudo frame sync signal to the
successive data symbols, the pseudo frame sync signal st

(" 1XXXXXXXXXXX10") being added to the leading portion of each
sync frame. The pseudo frame sync signal serves to "reserve" a
location in which the actual frame sync pattefn is inserted, ;s
will be described.

Successive dafa symbols are coupled to registers 14-17
wherein each data symbol is sﬁored. Thus, register 17 stores
data symbol D,, register 16 stores data symbol D,, register 15
stores daté symbol D,, register 14 storeé data symbol D, and
adder 13 now supplies data symbol D; to the input of register 14.
Data symbols D, and D, are coupled to discriminator 30 which
examines these data symbols to determine if any of the bi%
patterns therein correspond to those shown in Fig. 28. Depending
upon the sensed bit patterns, discriminator 30 generates the
inhibit margin bit signal M; ., which precludes certain margin bit
combinations from margin bit pattern M,. The inhibit margin bit
signal produced by the discriminator is comprised of 3 bits and

- is identified as the margin bit inhibit signal S, .. A "1" in
the first bit position of S;m¢ inhibits the margin bit

combination 10, a "1" in the second bit position of §,,, inhibits



whi ch sel ected MPEG conpressed video data are recorded. 50.
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if only the margin bit combination 00 is a permitted margin bit
pattern, margin bit inhibit signal s, is representéa as "110-.

The output of register-17 is coupled to a frame sync
converter 18 which converts the l4-bit pseudo frame sync signal
S% to a 24-bit frame.sync signal Sf. This 24-bit frame sync
signal Sf is coupled to parallel-to-serial register 19. Those
data symbols D,, D,, . . . which are supplied successively to
frame sync converter 18 are not modified thereby and are supplied
as is, that is,-in their 14-bit configuration, to the pafallel—
to~serial register. Register 19 converts those'bita which are
supplied thereto in parallel to serial output form. In addition,
after a 14-bit data symbol is serially read out of the register,
a 2-bit margin pattern produced by a margin bit genera%or-so is
serially read out of the register. Parallel-to-serial register
19_is clocked with a channel bit clock having a frequency of
24.4314 MHz such that the serial bit optput rate of register 19
is 24.4314 Mbps. These serial bits are modulated by an NRZI
modulator 20 and coupled fo an output 2; for recording.

The modulated NRZI serial bits also are fed back to a
DSV integrator 40 which integrates the DC component of such
seria1 bits. The DSV integrator thus accumulates the DSV of the

data symbols and margin bit patterns.
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in a chapter section representing chapter identification

i ncl udes category data for identi-fying a category type of said respective

chapter. 54. The nethpd, 9f, Q& 3R AMRBEEEH Lokt 366! Oh hBcdtadfas ity d

user tracks

i ncludes a sector header at a | eading portion thereof; and said

step of recaHd FYouwSehartif shdwt i FigG| pEeso reffuct el BpetatiGect or
header, a sector sync pattern, a sector address, an error detection code,
and subcode iddmptrated by the waveforms of Figs. 29A-29D. It is

appreciated, then, that the margin bit generator 50 may be a

- digital signal processor, an arithmetic logic unit or a

microprocessor programmed in accordance with the flow chart of
Fig. 25. Thus, the apﬁropriate margin bit combination is
selected in order to minimize the accumulated DSV will obtain as
a result of m subsequent data symbols.

The foregocing has described an EFM technique in which a
margin bit pattern is ineefted between succegsive 1l4-bit data
symbols. As a result, each 8~bit.byte is converted into a 14-bit
data symbol plus a 2;bit margin pattern. A preferred embodiment
of an 8-to-16'modulator which eliminates the generation of margin
bit patterns, which minimizes the accumulated DSV and ﬁhich is
;onstrained to run length limited (2, 10) code now will be
described. Referring to Fig. 30, a plurality of "fundamental
conversion tables are provided, for example, four conversion
tables T,, T,, T; and T,. Each fundamental table is comprised of

two separate tables, identified by the subscripts a and b, one of

which converts an 8-bit byte into a 16-bit symbol having positive

DSV and the other converting the same 8-bit byte into a 16-bit
symbol having negative DSV.

The tables are categorized as follows: if the last bit

of the immediately preceding 16-bit symbol ends as a "1" or if

——
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whether it is desirable that this next selected 16-~bit symbol
exhibit a positive DSV (thus calling for table T,,) or a negative
DSV (thus calliné for table T,;).

If the immediately preceding 16—bit-symbol'ends with
tweo, three or four successive 0Os, the'nekt-followiﬁg 16=bit
symbol is selected from either table T, (that is, from either
table T,, or table T, ) or from table T, (that is, from table T,
or table T,). _ |

If the immediately preceding 16-bit symbol ends with
six, seveh or eight successive 0s, the next-following 16-bit
symbol is selected from tgble T,.

| The first 16-bit symbol that is geherated immediately
following 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 following important respects: all
16-bit symbols read from table T, include a "0" as the first bit
and a "0" as the thirteenth bit.

| All 16-bit symbols réad from table T, include a "1" as
the first or thirteenth bit or a "1" as both the first and
thirteenth bit.

In the 8-to-~16 conversion scheme used with the present

invention, it is possible that the very same 16-bit symbol may be

generated in response to two different 8-bit bytes. However,
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T,; whereas when the 16~bit symbol representative of the other
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byte is produced, the'néxt—following 16-bit symbol is produced
from table T,. It is appreciated that, by recognizing the table
from which the next-following 16~bit symbol is produced,
discriminafion between the two bytes which, nevertheless, are
converted into the same 16-bit symbol may be readily achieved.
For example, let it be assumed that an 8-bit byte
having the value 10 and an 8-bit byte having the vaiue 20 both
are converted to the same 16-bit symbol 0010000100160100 from
table T,. But, when this 16-bit symbol represents the byte
having the value 10, the next-following 16-bit symbol is produced
from tablé T,, whereas when the aforenoted 16-bit symbol
represents the byte having the value 20, the next-following 16-
bit symbol is produced from table T,. When the symbol
0010000100100100 is demodulated, it cannot be determined
immediately if this symbol represents ﬁhe byte having the value
10 or the byte having the value 20. But, when the next-following
16-bit s&mbol.is examined, it is concluded that the preceding
symbol 0010000100100100 represents the byte 10 if the next-
following symbol is from table T,, and represents the byte having
the value 20 if the next-following symbol is from table T;,. To
determine whether the next-following 16-bit symbol is from table

T, or tablé T;, the demodulator merely needs to examine the first
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I ncl udes the steps of recording
Table T (for example, table T, ) includes 16-bit

symbols having a DSV which increases in the positive~direction.
Conversely, the 16-bit symbols which are stored in table T, have
a DSV which. increases in the negative direction. As an example,
if the value of an 8-bit byte is less than 64, this'byte is
converted into a,iG;bit aymbol having a relatively largé Dsv.
Conversely, if the value of the 8-bit byte is 64 or more, this
byte is converted into a 16~bit symbol having a small DSV. Those
16~bit symbols which are stored in tabie T, have positive DSV and
those 16-bit symbols which are stored in table T, haVe.negative-
DSV. Thus, an input byte is converted into a 16-bit symbol
1t e having positive or_negative DSV, depending upon which table is
selected for conversion, and the value of the DSV is large.or
small, depending upon the value of the input byte that is
converted. _ ' '
| The tables T,., T;,r » » « T,» T, in Fig. 30 may be
constructed as ROMs 62-69. An input té be converted is supplied
from an input terminal 61 in common to each of these ROMs. The
pair of tables T, Tb.of a fundamental table are coupled to a
selector switch which selects one or the other table to have read
out therefrom the 16-bit symboi which corrésponds to the input
byte read out theréfrom. As shown, selector switch 71

selectively couples the output from table Ty, or table T, to an
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| east one TOC track,.and recording a sectdr configuration of
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selectively couples table T,, or table T,, to an input x2 of

L :Jul ot

switch 75. Switch 73 selectively couples table T, or table T,
to input x3 of switch 75. Switch 74 selectively couﬁies table

T,, or table T, to input x4 of switch 75. Output awitch_fs
selectively couples one of its inputs xl-x4 to an output terminal
78 under the control of a table selector 76. Selector switches
71-74 select either table T, or table T, under the control of a
DSV calculator 77. The 16~bit symbol which ulfimately is
supplied to output 78 also is coupled to the table selector and
to the DSV calculator, as illustrated.

Table selector 76 senses the ending bits of the 16~bit
symbol supplied from switch 75 to output terminal 78 to determine
whether fundamental table T,» T,r T, or T, should be selected, in
accordance with the table selecting conditions discussed above.
It is appreciated that the table selector thus controls switch 75
to select the 16-bit symbol read from the proper fundam?ntal
table. For example, if it is assumed that the 16-bit symbol
supplied to ocutput terminal 78 ends with six, seven or eight
successive 0s, switch 75 is controlled by the table selector to
couple its input x4 to- the output terminal such that the next-
following 1§—bit symbol is read from fundamental table T,. DSV
calculator 77 calculates the accumulated DSV, which is updated in

response to each 16-bit symbol supplied to output terminal 78.

If the DSV increases in the positive direction, DSV calculator 77
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forma precursory C word, generating Cl parity synmbols in -
switches 71- 74 are controlled by the DSV calculator to couple the
outputs from their respectively tables T,. It is expected,
therefore, that if'the preceding 16-bit symbol exhibits a larger
negative DSV, switches 71-74 are controlled fo select the next
16-bit symbol having a positive DSV; and the particular table
from which this hext_lﬁ—bif symbol is read is determined by table
selector 76. Thus, the accumulated DSV is seen to approach and
oscillate about 0. |

An example of a 16-to~-8 bit converter, that is, a
demodulator compatible with the 8~to-16 bit modulatbr of Fig. 30,
is illustrafed in Fig. 31. Here, tables are used to carry out an
inverse conversion from 16-bit symbols to 8-bit bytes and such
tables are identified as tables IT,, IT,, IT, and IT,. These
tables may be stored in ROMs 84, 85, 86 and 87. It is expected
that each 8-bit byte read from a table corresponds te two 16-bit‘
symbols, one having positive DSV and the other exhibiting
peéative DSV. Alternatively, if the 16-bit symbol ié used as a
read address, each 8-bit byte stored iﬁ a table may have two read
addresses. Stated otherwise, each 8-bit byte may be stored in
two separate read address locations.
An input terminal 81 is supplied with a 16-bit symbol,

and this symbol is stored temporarily in a register 82 and then
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J synbol s into a C»1ho|d section to f

wor d, and using a pre-established nunber of said Cl code words as said | ong
dlstance error correction encoded data 66. The nmethod of C ai m 65 wherein

said step of gg[jdiggc It%e?'r (,gg e Syn%ltﬁelogyr{t&gllgsoi,#h%.r de words

in a synbol uence difterent sequence of*sai & prelimnary
a  words. addltlon, a table selector 83 is coupled to input terminal 81 and

" to the output of register 82 so that it is supplied concurrentiy
with the presently received 16-bi£ symbol and the immediately
preceding 16-bit symbol. Alternatively. table selector 83 may be
thought of as being supplied with the presently received 16-bit
symbol (from the‘output of register 82) and the next-following
16=-bit symbbl. The table selector is coupleg to an ocutput
selector awitch 88 which couples to outpht terminal 89 either
conversion table IT, or conversion table IT, or conversion table
IT, or conversion table IT,.

The manner_in which table selector 83 operates now will
be described. As mentioned above, the firat symbol that is
produced immediately folldwing the frame sync pattern is read
from conversion table T, in Fig. 30. Table selector 83 thus
operates to detect the frame sync pattern so as to control output
switch 88 to couple table IT, to output terminal 89.

If, as mentioned above, a i6-bit symbol'may represent
one or the other of two different 8-bit bytes, table selector 83
senses whether the nexthollowing-lﬁ-bit symbol, as supplied
thereto from input terminal 81, is from conversion table T, or
conversion table T,. This determination is'made by examining the
first and thirteenth bits of such next-following 16-bit symbol.

| If the table selector senses that the nextJfollowing 16-bit

symbol is from table T,, output switch 88 is suitably controlled
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an even group. 68. The nethod of C aim6%,wherein each Cl c

formed of msynbols including mn C parity synbols, where m and n are_
I ntegers; and wherein: k = m<i + 2xj - m when j <2k =nmxi ¥ 2xj -
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recorded on
proper 8-bit byte. A similar operation is carried out when table

selector 83 senses that the next-following 16-~bit syﬂbol had been
read from conversion table T, in Fig. 30.

The present invention converts an 8-bit byte into a 16-
bit symbol, whereas the prior art converts an 8-bit byte into a
14-bit symbol and inserts three margin bits between successive
symbols. Consequently, since the present invention uses only 16
‘bits in its bit stream as compared to the prior art use of 17
bits, the modulation techhique of the present invention results
in an effective reduction in data of 16/17, or about 6%.

While the present invention is particularly applicable
to a CD-R6M on which computer data, video data, a combination of
video and audio data or computer files may be recorded, this
invention is particularly useful in recording and reproducing
digital vided diacs (DVD) on which video data and its associated
audic data are recorded. Such data is compressed in accordance
with the MPEG standard:; and when compressed video data is
recorded on the disc, the subcode information included in each
sector header (Fig. lb) includes a subcode address having the
value 3 or-the value 4 with the resultant subcode field appearing
as shown in Figs. 11D or 11E. If the subcode address value is 3,
the user data recorded in the sector conforms to the standard ISo

11172-2 (MPEG 1) or ISO 13818-2 (MPEG 2). Data that is recorded
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The nmethod of Claim 38 wherein said step %of nodul ating conptises—supplViag
said TOC and user information as-h-bit bytes, reading froma sel ected one
of plural storage tables a 2n-bit synbol in response to a supplied n-bit

byte, and se{gCiHdGuRbAORE D4 O RIGHAR EndFig. f YS! b RkehbE PEECEdi Ng
2n-bit synbol that had been read. 71. The nmethod of G aim 70, wherein

successi ve 2aififfdreaicbbetwaen the dddrHss bifnth@dsector which contains this

subcode and the lead sector in which the previous I picture or
next~following I picture ié reéorded. It is expected that an I
picture (that is, an intraframe encoded picture, as mentioned
previously) is recorded in two or more sectors. Of course, each
sector includes a header. However, the distance data which is
recorded in the subcode field shown in Fig. 11D represents the
distance.to the lead, or first sector in which the previous I
picture or next-following I picture is recorded. If an I picture
is recorded partially in one sector and partially in another, the'
sector header of the "other" sector includes 0 data to represent
the previous I distance and the next I distance in Fig. 11D.
That is, the previous I distance and the next I distancg are 0.
If the subcode address value is 4, the subcode field
appears as shown in Fig. 11E and, as mentioned above, the picture
type data indicates whether the video data that is recorded in
compressed form in this aectof is I, P or B picture data and the
temporal reference data indicates the location in the sequence of
pictures in which this particular video picture is disposed. The
sector in which an I, P or B picture first is recorded is
referred to as an I, P or B sector, respectively., even if such I,
P or B picture data is recorded in a trailing portion of that
sector, while other picture data is recorded in a leading portion

thereof.
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byte. 73. "The nethod of Caim 72 wherein the 2n-bit synbol s|istored 5“35&‘{%1?25,,

of said two storage tables exhibit positifve digital sum val DIV n

2n-bit synbols stored in the other of said two storage tabl €5 exnibit
negative DSV. 74. The nmethod of Caim73 wherein the step of selecting said
one storage tabl e i spdat aaniged BBodk fdiGragn o@f cbprésdis Ppar@tdsbits in
whi ch the preceding 2n-bit synmbol term nates and accunul ated DSV of a
pr edet er m whdchuidereesi tior soppiygt@ninput derivdnel ¥81 oF rtchod MPEG
reproduci ng data from.an optical djsk having a.dianeter_]ess than 140nm a
t hi ckness &pPmpressed yidao, data._Video information. supplied as. for
example, analog luminance (Y) and color difference (R-Y and B-Y)
signals are digitized by an analog-to-digital converter 101 and
compreased in accordance with the MPEG compression system by
video compression circuitry_loz. The compression system may be
consistent with the MPEG-1 standard (ISO 11;?2-2) or the MPEG-2
standard (ISO 13818-2). The compresséd vide§ data is_stored in a
buffer meﬁory 103 from which it is supplied to a multiplexor 107
for multiplexing with other data (soon to be described) which
then iﬁ input to input terminal 121 (Fig. 1). Information
related to the compressed video data stored in buffer memory 103
is supplied to system cohtréller 110, this information being
indicative of, for example, whether the compressed video data
corresponds to an I, P or B picture, the témporal sequence of .
display pictures in which this compresséd video picture is
located, time code representing the time of receipt or time of
recording of the video data, etc. The information derived from
the stored, compressed video data and supplied to the system
controller ié used to generate subcode information that is
recorded in the sector header. It is recalled from Fig. 1 that
this information is supplied from systeﬁ éontroller 110 to sector

header encoder 129 for insertion into the sector header of the

user data.-
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| ead- 0ut atea, and wherein said data is recorded as embossed
representing nodul-ated, error-correction?ncoded user infornmat
MPEG- conpr essed vi deo data and conpressed audio data in sectors in user
tracks in said programarea, representing nodul ated, error-correction

tencodeq tabl e of cont g %s (TOC 1 i nf o‘rlgr_r%éon I""?Il cit %{: %nnat | east t;l]?
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converter 104 and compressed in an analog data compression
circuit 105. This compression circuit may operate in accordance
with the Adaptive Transform Acoustic Coding technigue (known aé
ATRAC) consistent ﬁith MPEG-1 audio compression or MPEG-2 audio
compression standards. It is appreciated that this ATRAC
technique presently is used to compress audio information in
recording the medium known as the "Mini Disc* developed by Sony
Corporation. The compressed audioc data is supplied from
compression circuit 105 to an.audio buffer memory 106 from which
.it subsequently is coupled to a multiplexor 107 for multiplexing
with the.compreésed video data. Alternatively, compression
circuit 165 can be omitted and the digitized audio data can be
supplied directly to a buffer memory 106 as, for example, a 16~
bit PCM encoded aignal. Selective information stored in the
audio buffer memory is coupled to the systém controller for use
in generating the subcode information that is recorded in the
sector header.

Additional information, identified in Fig. 32 as sub~
information, including character, computer, graphic and musical
inastrument for digital interface data (MIDI) also is coupled to
multiﬁlexor 107. |

Title data is generated Sy a character generator 11l

which, for example, may be of conventional construction. The
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MPEG corrpressed vi deo and conpressed audi o data; the tracks Vi ng]zﬁtﬂf:f?c]ggs
pitch in the range of 0.646pmto 1.05pm said nethod conpri B e steps -

of rotating said disk to obtain a constant J¢i near velocity, projecting a
pi ckup.light beam through a lens for optically readi ng t he rotating disk,
sai d pickup light beam havi ng a spatial frequency | X/ 2NA, where the

spati al freqyengy dys; | es eh8al EREK BLAL ok Lilieq VBEIsGNIth of
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the pickup I'Tg eam an e nuneri ca ape ens;

denmodul at i ngohfieedabd bead JJnQJPe%Q'.LQndé:?Ecuﬁ{ rare %&Eﬁ%h@&d&é‘ﬁ:ﬁ@’@.@&hat ed
data; separating the error corrected data into TOC information, ATCC

i nformati ondard tisevaridsieratinOlengshngodbngl TQRe ebaprabsed titlacdata asd

read sel ected user tracks in response to access instructions..froma user;

and usi ng ssoupAgdonultiplexor 107 for subsequent application to the input
termlnal 121 shown in Fig. 1.

Preferably, multiplexor 107 multiplexes the compressed
video, audio and title data, together with the sub-information,
in accordance with the MPEG-1 or MPEG-2 standard, as may be
desired. The output of the multiplexor is coupled to input
terminal 121 of Fig. 1 whereat the multiplexed data is ECC
encoded, modulated and recorded on disc 100.

Fig. 33 is a block diagram of circuitry for recovering
the video, audio, title and sub-information data that had been
recorded on disc 100 and that had been reproduced from the disc_
by the playback apparatus shown in Fig. 2. The input to the'data
recovery circuit shown in Eig..33 is output terminal 224 of Fig.
2. This terminal is coupled to a demultiplexor 248 which
demultiplexes the aforedescribed multiplexed video, audio and
title data as well as the sub-information. - The demultiplexor
operates in accordance with the MPEG-~1 or MPEG-2 standard, as may
be desired, to separate the compressed video data, the compressed
audio data, the compressed title data and the sub-information.
The compressed video data is stored in a buffer memory 249 from
which it is expanded in expansion circuit 250, processed in a

post processor 256, for example, as may be needed to conceal

PR



Il Fill) It Il 1 111111 °  REPLACEMENTSHEET * C L M § Tﬁ@m
5 ; © 112 information to reproduce sel ected video ang g%%’i“%d ?SAEET
from Said disk. 76. The method of O aim 75 wherein said embisssd ,_p__l._t_ _______ %
a linear density in the range between 0.237pm per bit and Ol :
77. The nmethod of Claim75 wherein at | east one additional TOC region
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The met hod of Claim75 wherein said ATQ_D I.nf rrratlon |de‘5|1|f| S
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converter 251. ExpanSLOn circuit 250 operates in accordance with

the MPEG-1 or MPEG-2 standard such that the original video
information is recovered. )

~ Post processor 256 also is adapted to superimpose
graphical title information on the recovered video data, as will
be described below, such that the recovéred title data may be
suitably displayed, as by superposition oﬁ a video picture.

The separafed audio data is supplied from demultiplexor
248 to an audio buffer memory 252 from which it is expanded in an
expansion circuit 253 and reconverted to analog form by digital-
to-analog convertor 254.  Expansion circuit 253 operates in
accordance with the MPEG-1 or MPEG-2 or mini disc standard, as
may be desired. If the audio data that is recorded on disc 100
has not been compressed, expansion circuit 253 may be omitted or
bypassed.

As depicted in Fig. 33, the sub~information separated
by demultiplexor 248 is supplied as a direct ocutput signal.
consistent with the representation shown in Fig. 32 wherein such
subinformation is not processed prior to being supplied to
multiplexor 107 and no processing subsequént to demultiplexor 248
is illustrated.

The separated title data is applied to title buffer
memory 233 from demultiplexor 248 from which the title data is

decoded by a title decoder 260 that oberates in a manner inverse
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user traacks. 79. The nethod of C aim 78 wherein the MPEG co £8se 9 ggpm
data i'n a respective user track is encoded in a sel ected one J St-uraptE- .

vi deo conpression formats, the conpressed;@audi o data is encoded n a
sel ected one of plural” audio formats, and said ATOC i nformation includes
plural format identifier data for identifying the video conpression and
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256 for superpogition onto the video information that has been
played back from the optical disc.

Demultiplexor 248 monitors the remaining capacities of
buffer memories 249, 252 and 233 to sensé when these memories are
relatively empty ér filled. The.purpose of monitoring the
remaining capacities of the buffer memories is to assure that -

'data overflow therein does not occur.

| Systém controller 230 and user interface 231 of Fig. 33
are the same as system controller 230 and user interface.231 in
Fig. 2. -

The present injention finds particular application with
a digital video disk (bVD) wherein the user information recorded
in the program area shown in, for example, Figs. 1-7, includes
video and audio as well as file data, the latter being useful for
computer applications._ Fig. 34 is a schematic representation of
a general form of an optical disk that can be used both as a DVD
and as a CD-ROM, with the video data being recorded as "chapters"”
and, in the preferred embodiment, each chapter-being recorded in
a respective track. In addition to the usual TOC information,
the optical disk schematically represented in Figs. 34 is

provided with an application TOC region disposed in the program

area and containing application table of contents (ATOC)

L L.

Tl
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As mentioned above, the video data is recorded as, for
example, MPEG-compressed video data; and at the present time, two
different MPEG formats are used to compress video dé%a. namely
MPEG-1 and MPEG-2 techniques. It is not unreasonable to expect
that still further video compression techniques will be adopted:
and such additional techniques may be identified as MPEG-3, MPEG-
4, etc. Likewise, the audio data which accompanies video
programming may be compressed in accordance with the MPEG-1 or
MPEG-2 formats:; and here too, it is reasonable to expect that
still further audio compression techniques will be developed. As
will be described below, the ATOC information identifies
predétermined paraﬁeters of the MPEG-compressed video data and
the compressed audio data recorded in the respective chapters;
and such ATOC information accommodates the possibility that the
audio data need not be compressed but simply may be PCM-encoded.
As used herein, the expression "compressed audio data® is
intended to refer to audio data that has been either compressed
in accordance with an MPEG (or other developed) format or audio‘
data that simply is PCM-encoded.

From Fig. 32, it is seen that the user information
recorded on the disk and, thus, the user information recorded in
respective chépters, is multiplexed from a stream of video data,
a_stream of audioc data and a stream of title information. A

chapter may contain compressed video data only or a combination
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said gne track section. 82. The nethod of Claim 75 wherein sgid AT.
information identifies as entry points particular sectors in é%&t%@;rSEPm

track that contain ocloctod MHEG conprcooog video data. 83. *ie mnethod of
G aim 82 wherein said MPEG conpressed video data is selectively conprised
of intraframe encoded picture data or predictively encoded picture-data;
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portion of intrafrane encoded picture data, and said -ATOC -
identify, for each chapter, the number of "streams" of data that

have been multiplexed to form the chapter, each stream type and
the particular format used to encode each stream.

fhe ATOC information also iﬂcludea data which
identifies each chapter by, for example, the name of that chapter
(which may be agsigned by the manufacturer of the disk to
identify different videé.programs). the locations of the
reaéeetive chapters (that is, the tracks in which the chapters
are recorded) and the category of the programming included in
that chapter (for example, the video program may be a movie, a
music vidéo, soécalled "karacke", a asport video, a drama, etc.).

still further, since the vidéo data recorded in a
chapter is assumed to be compressed in accordance with an MPEG
format, further information.relating toIMPEG-compressed pictures
are included in the ATOC information. For example, the MPEG

- format--may compress videc pictures so as to produce intraframe-
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identify the entry point field containin@lthe sector addres i

represents the sector in which said beginning portion of intrafrane encoded
picture data is recorded. 85. The nethod of O aim 84 wherein said ATCC
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sectors recor on sal
mentioned above. Because of the particular characteristics of

such intraframe encoded pictﬁre data, a video picture of
reasonably good quality can be readily.recovered therefrom: and
the locations of such "I-pictures" recorded in each chapter are
identified in the ATOC information. Such I-picture locations are
know as "entry points"; and the entry point data included in the
ATOC information may be used to rapidly access and display
representative chapter pictures so as to permit a user to play
back a desired chapter or portion thereof.

In Fig. 34, the application TOC region is illustrated
as being recorded in the first track of the program area: but it
will be appreciated that any predetermined track in the program
area can be assignedlto this region. Fig. 34 also illustrates
the recording of each chapter in a single track; but it is
contemplated that a chapter maf be recorded in a plurality of
tracks. Preferably, however, not more than one chapter is
recorded in a given track. Also, for convenience, the chapters
are shown to be recorded in sequence (that is, if only one
chapter is recorded in one track, each track contains the next-
higher chapter numbér), but such sequential recording of chapters
is not necessary. Of course, it is important that each chapter
be uniquely identified, and it is helpful if there is a direct
correspondence (e.g., one-to-one) between a particular chapter

and the track in which that chapter is recorded. Thus, a desired
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contai ning information representing respeetive chapter i defiteatian
predet erm ned paraneters of the MPEG conpressed video data and the
conpressed audio date recorded in said respective chapter, and entry point
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the chapter or for any desired entry point therein.

It should be noted here that when the user information:
is recorded as chapters of ﬂPEG-compressed video data and
compressed audio data on a DVD, each sector in a chapéer may be
of the type shown in Fig. 10A or 10B., and the subcode field
included in each sector header may include the information
discussed above in conjunction with Figs. 11C-1l1E.

Fig. 35 represents the applicaﬁion TOC region and
provides a preferred embodiment of the structure of the ATOC -
information recorded therein. Such data structure is comprised
of the foliowing illustrative areas:

a disk information area, which contains data that is
useful for the entire disk and not simply for a particular
chapter:;

several p chapter information areas, with each such
area containing information relating only to its corresponding
chapter, as will be described in greater detail below, the
chapter information associated with each chapter identifying
predetermined parameters of the MPEG-compressed video data and
the compressed audio data recorded in that chapter:

an area in which all of the possible names of the

different chapters are recorded:
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chapter section representing chapter identification further includes

chapt er nunber data fgrr_‘ identifj}/cihng_dteggigunberl](_)fots%ihd respecti.yv.e claapter.

area wh les a e aforementione

*gtreams" of daté thét conatitute the user information in the
chapter: and |

an area which contains entry point informa%ion that
identifies all of the entry points in each chapter.

It is'expected that the information which is included
in all of the aforementioned areas is less than the recording
capacity of a data tracks and the excess capacity of that track
is reserved for futufe use. The number of bytes which constitute
each of the aforementioned areas is depicted in Fig. 35.

The data which constitutes the disk information area of
the ATOC information shown ip Fig. 35 is depicted in greater
detail in Fig. 36. The fields which identify the disk
information are described more particularly as followss

TOC Jdentifier: Tﬁis field. comprised of 8 bytes,
contains a character string that identifies the data structure
used to represent the ATOC information. This TOC identifier,
when detected by the controller in the DVD player permits the
playback opefation to be compatible with the format in which the
ATOC information and the chapter information are re?orded. For
example, if the characfer string of the TOC identifier is
"AVTOC001", the data structure of the ATOC information and the
data structure of the user information recorded in each chapter

are as shown in Figs. 35-44.
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wherei n each sector of said user and TOCgdsracks includes a s Dt ¢ WSSSEP 1995?
a leading portion thereof, said sector header containing a sector sync
pattern, a sector address, an error detection code, and subcode data. 92.

The method of Ol aim 91 wherein said sybcode data in a gi ven sector  includes
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appreciated that this 3-byte TOC language is similar_to the Locél
Language Country Code recorded as the disk information in Table
2. |

al er o t oints: This'tﬁo-byte field
identifies the number of I-pictures that are recorded on the
disk. Each entry point designates a sector in which an I-picture
first is recorded. It is appreciated that over 64k I-pictures
can be recorded on the disk.

The remaining fields shown in Fig. 36 are not further
described herein as they are not needed for an adequate -
understanding of the present invention.

Each 32-byte chapter information area included in the
application TOC region exhibits the data structure shown in Fig.
37 as will n&w be described. The information recorded in each of
the chapter information fields is as follows:

Cha er: This 1-byte field identifies the
number of the chapter, and up to a_maximpm of 256 chapters can be
recorded. As mentioned above, it is preferred to record one
chapter in one data track:; and it is conﬁempiated that cne
chapter may be recofded in two or more data tracks. However, it

is preferred that no more than one chapter be recorded in any



picture, said picture infornation being recorded in at |east [ORgpp EQRENT BHEET -
a user, track, and wherein said subcode information includes flj rst di stance

i nformation representing the distance fromsaid given sector |t §a&h-§1§ﬁd@..ﬁ9§.
in which picture information R Er" LACERENT SHEHL 7 z |11 1 it LET]

| IllDame:...|.5.SP |$. representing a next preceding picture is

recorded and second distance information representing the distance from

said given sector to the sector .in which picture information representing a
next follow ng picture is recorded. 95. The nethod of C aim 92 wherein said
user information is conpressed picture data selectively conprised of

given track. No two chapters on this disk are identified by the

same chapter number. N

| Corresponding Track Number: This l-byte field
identifies the number of the track in which this chapter is
recorded. In the simplest embodiment._if the application TOC
region is recorded ?n track 1, then chapter 1 is recorded in
track 2, chapter 2 is recorded in track 3, and so on.

Chapter Categoxry: This 1-byté.fie1d represents the
program information (or data content) of this chapter. The value
of the chapter category data identifies the chapter category as
shown in Fig. 44. For example, if the chapter contains a movie.
the value of the chapter category byte is 0. If the chapter is a

music video, the value of the chapter category byte is 1. Other

examples of chapter category representations are shown in Fig.
44y and it is to be understood that the present invention is not
limited solely to the categories which are shown.
Pointer to Chapter Name: This 2-byte field identifies

a particular 8-byte field-in the name field area of the

. aéplication TOC region shown in Fig. 35. In the preferred
embodiment, 2,048 different name fields may be provided in the
name field area and the 2-byte pointer to chapter name in Fig. 37
identifies a respective one of the 2,048 name fieldé. The name
of the chapter thus need not to be included in the 32~byte
chapter information area itself; and instead a separate name

field area is provided from which the name of this correspondihg



different types of conpression-encoded data representing_resj HEoY RCEMENT SHEET
pi ctures havi ng a predeterm ned displ ay sequence, and said subcode 5 EEE
i nformation includes type identifying information for |dent|f|dgb£h§ _____ ﬁﬁ& __________

sequence information for identifying the location in said display sequence
of the picture represented by the conpression-encoded data that is recorded

| nf or mat Lo SREREE 481 EOSUR (1AHE" ShE CAPREL LR HRFBERAP BALY rieiate”
time code daif thHePhepeBhiiged Idnd 2527180 05, .aéoMig'ﬂT%iedc#Q?{el QL ion
Is recorded. 97. The nethod of Claim7/5 erein sal i nfornation 1’s
representative of recDEdtipe ayhiRe lofCBRLACh APt & | FeigquiFiedTRbeE, thes Y dithie
capacity and nunber of record tracks of said -
8-byte name field, for example, if two or more name fields are
needed, sequential namelfields form a suitable "string" in which
the entire name of the chapter is recorded. 1In that event, the
chapter name pointer simply identifies the first name fiela in
this string. | |
i t P rs: This 2-byte field
preferably includes several "pointers" which identify respective
4-byte stream parameter fields in the pool of stream parameter
fields shown in Fig. 39. As mentioned above, each chapter is
formed of MPEG-compreésed video data together with compressed
audio data and/o£ title data. Video compression may be in
accordance with the MPEG-1 ér MPEG-2 format. Audio compression
may be in accordance with the MPEG-1 or MPEG-2 format or with the
PCM format. The compressed video data constitutes one stream,
the compressed .audio data constitutes another stream and the
title data constitutes yet a further stream. If, for example., a
chapter consists of only one stream of data such as MPEG-
compressed video data., only one stream parameter peinter is
needed. If the chapter is‘formed of two multiplexed streams of
data (e.g., video data and audio data or video data and title

data) two stream paraméter'pointera may be used. And if the

chapter is formed of three multiplexed streams (for example,



di sk. 98. The nethod of Claim75 wherein said TOC i nformati i ; _
i dentification data for identifying a | ocation of said at | epdtEPSALERENT SHEET
track, data configuration of REPL AZEM ENT sMrfT 11111 11111 f%<§ %
SEP 1995 11',~ ~~~~111 said at |east one8TOC track, and sectjpiPate .1 -SEP. .

configuration of each of said plurality of sectors. 99. The method of T alm
75 wherein said TOO i nformation includes data representative of disk size.

100. The nethod of Claim 75 wherein said TQC o
video data plus audio data plus title data) than three stream

parameter pointers aré preferred. Each stream parameter pointer
identifies a respective 4-byte stream parameter field included in
'the pool of stream parameters  (Fig. 39) which represénts the
characteristics of the corresponding stream that is included in
this chapter. As discussed above in conjunction with Fig. 35,
the pool of stream parameteré is recorded in a separate area in
the application fOC region:; and each 4-byte stream parameter
field exhibits the data structure shown in Fig. 41.
As shown in Fig. 41, each 4-byte stream parameter field

includes l-byte data representing the stream type., and a
representation of such l-~byte data is shown in Fig. 43.
bepending upon the value of the stream type byte, the stream to
which the.stream parameﬁer éointer'points identifies the data
included in this chaptér as MPEG-1 compressed video data, MPEG-2
compressed video data, MPEG-1 compreéaed audio data, MPEG-2
compressed audio data, a further type of MPEG-compressed data,
title data or PCM audio data. Thus, this l-byte stream type data
included in the stream parameter field to which the stream
parameter pointer points satisfactorily identifies the necessary
parameters of this astream of déta included in the chapter.

. As also shown in Fig. 41, the 4-byte stream parameter .
field includes l-byte stream ID data which identifies the number
of streams of data that are mulfiplexed in this ch;pter.

Consistent with the foregoing discussion, the stream ID byte may



~~~~~ SURia it ettt | ... ........ information N QERUASERENT SHEET
representatlve of a tine code associ ated with said user inforfpatio 8&
The nethod’ of Claim75 wherein said user information is repr ﬁ’atebﬂeﬁa &m
sel ected one of plural playback.speeds; asd said TOO i nformat

data representative of said sel ected playback speed. 102. The nethod of
Claim 75 wherein said error- correction encoded information is forned of a
pre-established nunber of Cl code words, each C code word cont ai ni ng

i nformati on synbols, C2 parity synbols each of which is derived from an

I nformation synbol included in a preassigned nunber of C code words, and
Cl parity synbols each of which is derived froma predeterm ned nunber of
synbol s, i ncinddicagei Hitak the ehapfebolis Hermesd qﬁrqrtly Qyﬁbef—geam afaidate

code vvord and wherein said ste
(e.g.. compressed v1dgo data) or two streams of data (€@¢ger

compressed video and audio data or compressed video and title
data) or three streamé of data (e.g., compressed video., audio and
title data).

Fig. 41 further illustrates that the 4-byte stream of
parameter field includes 2~byte language data which identifies
the language of the audio'information or.title information that
may be included in this chapter. ‘

In,the foregoing discussion, it has been assumed that
the 2-byte stream parameter pointer included in the chapter
information area includes several pointers. Alternatively, only
one pointer need be included:; and if the chapter consists of two
or three multiplexed streams of data, as represented by the 1i-
byte stream ID data included in the stream parameter field (Fig.
41), successive stream parameter fields are linked to provide the
necessary repfeseﬁtations of'the types of streams that are
multiplexed in this chapter.' For example, let it be assumed that
a single stream parameter pointer is included in the chapter
information area and that this stream parameter pointer points to
stréaﬁ parameter no. 25. Let it be.further assumed that this
chapter consists of multiplexed video, audio and title data. The
4-byte stream parameter infbrmation recorded at stream parameter
no. 25 thus includes a stream ID value of 3. As a result, stfeam

parameter fielda nos. 25, 26 and 27 and linked by thia stream ID



of error correcting conprises using said Cl parity synbols || RERLAGEMENT SHEET
the ' code word which contains said ClL parity synbols, usi ai 52%[) 1§§5
parity synbols in said C code word to error correct respecfi Af-OFf1et- - O
synbol s included in said preassigned nunm#s of C code words; '

an error 1 11121211211711211211111EPLA. "i ' EMENT SSHI E: T pD-~e 5 SEP 1995
118 Date ... "~ corrected C

code word fr the i nmat i on, synbol s th d been_corr esul t
of using sai nlt"ﬁ parr}fy syr%’ofh X%)Sa ﬁ‘IJhneq ?%68‘"&9 ametel%%%vﬁg?gli sai d
[Stm; gr mati on §¥ER0! Sndltthrell QLtd8m Pafartlitials aR8CHn@Ideted AW 1WARESEP the

three types of streams that are multiplexed in this chapter.
Thus, with a single stream parameter pointer, three ;;byte stream
parameter fields nevertheleass are identified in the pool of
stream parameters to thereby represent thé formats of the
compressed video, compressed audioc and title data included in
this chapter. .
. Number of Streams: This 1-byte data simply identifies
the number of streams thét are used in this chapter. In the
examples discussed above, if only compressed video data is
recorded in this chapter, than the value of the l-byte number of
streams field is 1. If the chapter is formed of two multiplexed
streams of data (e.g.. compressed video and compressed audio or
compressed video and.title), the value of the number of streams
Lileld is 2. And il Lhzee mulliplexed slreams of dala are used in
this chapter (e.g.. compressed video, compressed audio and
title), than the value of the number of streams field is 3. It
is appreciated that the number of streams field can be used to
indicate the number of 4-byte stream parameter fields that are
linked to identify the formats of the aata uged to record this
chapter. .
Pointer to Entry Point: This 2-byté field is similar
"to the stream parameter pointer and includes a poinfer which

identifies a 4-byte entry point field included in the pool of



of error correcting further conprises rearranging the order of]] RERLAGEMENT SHEET
included in"said error corrected code word to an arranged sequence. 0§'SEP

The méthod of C aim 103 wherein said disarranged order is forneda6f.dd mnuugmﬁ
i nformati on synbol s recorded in an odd gggup and even i nfornmatTom Synmbors
recorded in an even group, and said arranged sequence is forned of

sequential alternating odd and even information synbols. 105. The net hod of

Cl ai m 104 wherein _each €1 _code word.i's fornmed of synbol s i.nclyding n .
nf or mat | on SYEOPSIANEPESTRAHAT, SkPE™ APehie s 4 AmBRBACIFd Abqyey it
(kmod2) + 1 jg 2xpak2d th(@‘)%@ht FREMhAE WSS fada ItheAenSEAVERL] & .. Or der
of the errorﬂ-scgr ect%eg Cl code vvorh%? Jgn?‘s the sequerﬁlleal grder of taihe
arranged segietu@edl NEach I-picture may be recorded in one or more sectors. .

-The address of the first sector in which an I-picturé ig recorded
is designated an entry point. The entry point pointer included
in the chapter information area of Fig. 37 thus points to one of
these entry points included in the entry péint pool (Fig. 40);'
and, preferably. the entry point pointer identifies the eﬁtry
point field in which fhe first entry point of this chépter is
designated. '

Each 4-byte entry point field shown in Fig. 40 exhibits
the data structure shown in Fig. 42. As illustrated, entry point
data includes a l-byte chapter number which identifies the
chapter-which contains this entry point and a 3-byte address
which identifies the sector of this entry point. It will be
recognized that the 3—byte sector address identifies the address
of the first sector in which this I-picture is recorded. It is
expected that a chapter contains hundreds if not thousands of I-
pictures. Each I-picture constitutés an entry point.

Preferably, all of the entry points in a chapter are linked such
that information representing the first entry point in the entry
-point pool is identified by the entry point pointer in this

chapter information area, data representing the next entry point
in this chapter is recorded in the next entry point field in the

pool, and so on. For example, if there are 500 entry points in



synbol s in each error-cdrrected Cl code word, and k is the dfsarranged —
order in which the msynbols are recorded on the disk. 106. Tﬁ@PFﬁ?ﬁﬁﬁNB?HEET
Caim 75 wherein the error correction encoded data is in a canvol_tjt 'SOSEP 1995
code. REPLACEMENT SHHEET ir C L M ®1* D SEP 19 g| Dpie :-d.d..oki-- Wd----

....... 119 107. The nmethod of Claim 75 wherein said data on the disk Is
nodul ated as a run length limted (RLL) code; and said step of denpdul ating

I ncl udes de%RgLr@h&gﬁé&.Rghodgagéessive entry point fields are linked: and
the first of these entry point fields is identified by the entry
point pointer. The number of such linked entry point fields and,
thus, the number of such entry points included in this chapter
are represented by the number of entry point fields shown in Fig.
37. '

Number of Entry Points: This 2-byte field identifies
the total number of entry points that are present in this chapter
and, as mentioned above, thus determines the number of entry
point fields included in the pocl shown in Fig. 4C that are
linked. It is appreciated that, by detecting the entry point
pointer and the number of entry points, both included in the
chapter information area, the location of each entry point in
this chapﬁer is identified. This number of entry point data
permits quick access to an arbitrary entry point included in this
chapter. Since the location of the first entry point is kﬁown by
the entry point pointer and the entry point field identified by
this pointer, and since the locations of subsequent entry points
likewise are known by reason of the linked entry point fields, it
is a relatively simple matter to rapidly access the third or
twenty-fifth or.one-hundred seventy foufth entry point, as may be
desired. |

ISRC: This 12-byte data represents the International

Standard Recording Code which identify a musical program recorded



108. The nethod of C aim 107 wherein said RLL code is (2,10)
t hat successwe data transitions are separated by no less th
cel I's and by no nore than 10 data bit cells. 109. The nethod
wherein said RLL code is recorded as 2n-kjt infornmation word
step of denodul ating converts said 2n-bit information words into n-bit
I nformati on words. 110. The nethod of C aim 109 wherein said step of

denodul ating co r| ses stori n% in,each of a plurali téoOf tabl es several

t

n-bit infor t FBAe \haREerse| &8t FRLE CRHRRYS T Foge Pghl EonRkaih A AUEEGALof a
precedi ng Zgr{;g%?rhnf %@1 gdlgeggchr&rg %%I gzd ggesac;p Or%:%.ng out ftom

the selecte bl'e” an ormatlon wor d whi ch torrespon to the
2n-bit informtion wory JFU%%Bébiafé‘&d:}faﬂpfﬂh%alagpdﬁﬁgtion TOC region and

the-aforementioned ATOC information may be readily génerated by
TOC encoder 125 (Fig. 1) or by a sepgrafe ATOC encoder coupled to
yet another input of switch 124 for recording in, for example,
the first track of the.program area of the optical disk.

While the present invention has been particularly shown
and described with reference to.preferred embodiments, it will be
readily apparent to those of ordinary skill . in the art that
various changes and variations may be made without departing from
the spirit and scope of the invention. To the extent that such
variations and changes have been mentioned herein, the appended
claims are to be interpreted as including such variations and
changes as well as all.equivalents to those features which have

been particularly disclosed.



111. The nmethod of O aim 110 wherein at |east one 2n- bit inf fﬁﬁ%ﬁgﬁhvﬁﬁﬁﬁHEET
read fromthe disk corresponds to two different n-bit infor i_on Sg
of whi'‘ch is stored in one table and the other of which is st 5@*1n -“anot:

tabl e, and wheréin said step of selectind3further conprises exam ning the
2n-bit information word which next follows said presently read IT1T

gl e e S i
Xle-

sel ect saj o MHAT &8 CLAIMED LES: { apl e as a function of sai d
2_n b’ t information WOEE’ ]I}nz op-{'.lcaqesigg)g Ig);vnglgalamd]i]é]mewgr ﬂagss'@hgn Sffd) C;f

a thickness of 1.2mm % O.lmm; a pluralitf of record tracks having

data recorded thereon as embossed pits representing information,
the tracks exhibiting a pitch in the range between 0.646um and
1.05ym§ said tracks being divided into a lead—in area, a program.
area and a lead-out area; said recorded data beihg recorded in a
table of cohtents (TOC) region and in plural data track regions
with said TOC region being disposed in said lead-~in area, said
TOC region contéining TOC information and at least some of said
plﬁral data track regions containing user infofmation including
MPEG-compressed video data and compressed audio datas said TOC
information being recorded in a first plurality of sectors in
said TOC region and said user information being recorded in a
second plurality of sectors in said plural data track regions:
each data track region having a respective start sector: said TOC
information including addresses of the respective start sectors:
and said TOC information and said user information being recorded
as modulated long distance error correction encoded data having
at least eight parity symbols.

2. The éptical disk of Claim_l wherein said data is
recorded as embossed pits with a linear density in the range

between 0.237uym per bit and 0.378um per bit.



JR——

exam ni ng conprises sensing predeternine ' ' ' t-
2n-bit informati on word to determn ne the]mﬂglﬂ lﬂallﬂmnﬁt ed| for sais

next-fol | oW ng 2n-bit information word, angs sai d one B8ie ‘sat- .SEP-1935.
other table for said presently read 2n-bigg i nformati on word pending upon

the table to be selected for said next follow ng 2n-bit informtion word.
113. Apparatus for recording data on an optical disk having a diareter |ess

than 140 mm a thickngss 1.2, 0m . 0.1 mm a recordi.ng area_divided
into a lead-in area, & pr%é‘reaﬁpgfgala‘%s qugg-a&ﬂ‘t afg‘é’(e%h aict?_mgﬁbg?’ﬁ?u%t
conpri si ng: 3 LORH oM AN it QonB O¥bE PAgHSE 'odrith@nhiRG! 8fpl NGlvedinbe

MPEG- conpr essed vi deo data and conpreSsed audi o dafa for recording in a
plurality ofinSeth#k Son rands disbbaeldsinnshidllleadetincangeents (TOC) information

for recording in a plurality of sectors in at least one TOC track, said TOC
i nformation includingt-addfasseptatat edimetdfyflaim 1 further comprising an

application TOC region disposed in said program area and

‘.—:ﬁaPWﬁyIENT sngﬁf

containing application table of contents (ATOC) information
identifying predetermined parameters of the MPEG-compressed video
" data and the‘compreased audio data recorded in.respective.data
trank regions. |

5. The optical disk of Claim 4 wherein the MPEGC-
compressed video data in a respectivé data track region is
encoded in a selected one of plural video compression formats,
the compressed audio data is encoded in a selected one of plural
audio formats, and said ATOC information includes plural format
identifier data for identifying the video compression and audio
formats used in each data track region. I

6. The optical disk of Ciaih 5 wherein said
application TOC region includes a parameter section containing a
plurality of parameter fields, each parameter field containing
format ID.data identifying one of a video compression-format or
an audio format:; and said application TOC region further includeés
plural track sections; each being associated with a respective
data track region and each containing at least one parémeter

field pointer to designate the parameter field containing the



start sectors, each identifying a start s HUW ”ﬂﬂ ti vig mﬁctg,m'sﬁrm
encodi ng neans for encoding both said user*l Iud 5 SEP

MPEG corrpressed vi deo data and conpressed audi o data and sai B@@‘lg%
information in a long distance error corregtion code having ait=teast—eight—

parity synbols; nodul ator neans for nodul ating the encoded user and TOC
I nformati on; and recordi ng means for recording the nodul ated, encoded TCC

sspg 121 format 10 daa wnih! identieics e Figeoseampreasion derman or
| east one TOhuhigCkodnhtSUsddl $AUERD &L AL YatheERLSk NG dls, modul ated,

encoded user
7. The optical disk of Claim 6 wherein at least one

track section in said application TOC region contains plural
parameter field pointers to designate a corresponding number of
pafameter fields, thereby identifying the video compression
format and the audio format used in the data track region
associated with said one track section.

8. The optical disk of Claim 1, further comprising an
application TOC region disposed in said program area and
containing application table of contents (ATOC) information
identifying as entry points particular sectors in each data track
region that contain a selected type of MPEG-compressed video
data.

9. The optical disk of Claim 8 wherein said MPEG-
compressed video data is selectively comprised of intraframe
encoded picture data or predictively encoded picture data; and
said ATOC information identifies entry point sectors in each data

.traék region containing intraframe encoded picture data.

10. The optical disk of Claim 9 wherein said
application TOC region includes an entry point sectioﬁ éontaining.
a plurality of entry point fields, each entry point field
containing a sector address representing a sector in a data track
region containing a beginning portion.of intraframe encoded

picture datas and said application TOC region further includes



|nforrrat|on as enbossed pits in said usg[‘m p!
a track pitch in the range between 0.64 lmu ",# ﬂm
* 0

of Claim 113 wherein said recording neans i$§ operva Isve

embossed pits with a |inear density in thg range between 0

OREARCEMENTSHEET
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and 0.378pm per bit. 115. The apparatus of C aim 113 wherei

nsaid recordlng

means is operative to record at |east one additional TOC region containing
duplicate tOC information in said Iead in area. 116. The apparatus of Claim
113 wher ei Pl8&ad Fﬁﬁﬁ‘ﬁ sRaiHeeyr eReh B?b%go%%"%[ﬁq%ﬂlﬁﬁ PabPRPRFL Nt ent s

ATCC f t denti f d £ Lhe WPEG
( Lo %mg'eijoga eg%icf’r%” % RaERCLEAA 25 i °9‘8eﬁ Eﬁ' r%ospect ive

conpr essed he “conpresse at'a recor

user, tracksgiedddpsdhtler HKPididng i¥9athiel nty tgzﬂrnwrla.reael ¥8nt 8ihERPrehesai d
- ATOC information in an application TOC region in said program area.
sector address which represents the sector in which said

beginning portion of intraframe encoded picture data is recorded.

11. The optical disk of Claim 10 wherein said

application TOC region further 1nc1udes data representlng the

number of entry point sectors recorded on said disk.

12. The optical disk of Claim 1 wherein

said MPEG-

compregsed video data and said compressed audio data are recorded

as chapters of user information; and said disk further comprises

an application TOC region containing a plurality of chapter

sections, each containing information representing

respective

chapter identification, predetermined parameters of the MPEG-

compressed video data and the compressed audio data recorded in

said respective chapter, and entry point data identifying entry

point sectors in which selected MPEG-compressed video data are

recorded.

13. The optical disk of Claim 12 wherein said

application TOC region includes a chapter name section containing

a plurality of name fields; and said information in a chapter

section representing chapter identification includes at least one

name pointer to identify a name field in which the

respective chapter is recorded.

name of said




prOV|ded in a selected one of plural vide

conpressed audio data is provided in a sel ected oneé
formats, and said ATOC i nformation provi ®&d by said |nput nme
pl ur al fornat identifier data for identifying the video conpression-and

117. The appar at us of O aim 116 wherein tﬂ Hﬂg ed- \ﬁ@q_gﬁéw%sﬂ
0

audio fornats recorded in each user track. h, ~~~~~~~~ I I I =Y
1" 1222°Y 11 11l Da ZCX. i JEB 118. Theq§pparatus of a|n1117a3§ rein said
recording means is opérat T9€ PREFRbrdek oir SiAtEr 12 HGTRET 7 ,

appl i cat | on ;164 801 O GOt 8h05DO: LU LY, QLRREATEMRI ! ds. each

paraneter fie alning a
identification includes track number data for identifying the

data track region in which said respective chapter 1s-recorded.

15. The optica; disk of Claim 14 wherein said
information in a chapter section representing chapter
identification further includes chapter number data for
identifying the number of said respective chapter.

16. The optical disk of Claim 12 wherein said

"~ information in a chapter section representing'chapter
identification includes category data for identifying a category
type of said respective chapter.

17. The optical disk of Claim 1 wherein each sector of
said firaf and second plurality of sectors includes a sector
header at a leading portion thereof, said sector header
containing a sector syhc pattern, a sector address, an error
detection code, and subcode data.

18. The optical disk of Claim 17 wherein said subcode
data in a given sector includes a subcode identifier and subcode
_1nformatlon of a type identified by said subcode 1dent1f1er.

19. The optical disk of Claim 18 wherein sald subcode
identifier is a subcode address.

20. The optical disk of Claim 18 wherein said user
information is picture information representing a respective

picture, said picture -information being recorded in at least one




i dentifying one of a video corrpre55| on Uw lﬂwamﬁﬂm REBDLA Iy
i nput nmeans further provides plural tra lﬂﬂ!' ecofidi ng E%:ggﬁﬁ ﬂcET
recordi ng hreans in said application TOC region, each ttack Gmﬁme"“§EFQEES
associated with'a respective user track %¢hd each track sectFer=eentatning
at | east one paraneter field pointer to designate the paraneter field
containing the format I D code which identifies the video conpression fornat
or audio fornat of theéager i nformation recorded |n the associated user

track. 119. 5§RECHpTAA Fresk IREaR WRBFeFReEEHY 39¢h A¥PRgYReans records
pl ural para S t o]

Do el et 2 BRSSP Ll 438008 EAR AP e OBobl AL e
fields, theaﬁbuaw@ritrloirybagdt Jeven dRQ1ERTREEERE OBed i THIn ARdchhBiatihe®
format of the user information recorded in the user track associated with
sai d track information representing a next preceding picture is recorded and

second distance information représenting the distance from said
given sector to the sector in which picture information
representing a next following picture is recorded.

| 21; The optical disk of Claim 18 wherein said user
information ia aompreassed picture data aelectively acompriaed of
different types of compression-encoded data representing
regpective pictures having a predetermined display sequence, and
said subcode information inclﬁdes type identifying information
for identifying the type of compression-encoded data that is
recorded in said given sector and sequence infofmation for
identifying the location in said display sequence of the picture
represented by the compression-encoded data that is recorded in
said given sector.

22. The optical disk of Claim 18 wherein said user
information is variable over time, and said subcode information
includes time code data representing time information at which
said user information is récorded.

23. The optical disk of Claim 1 wherein said TOC
information is representative of record/playback characteristics,
diameter, recording capacity and number of record tracks of said

optical disk.



section. 120. The apparatus of Claim 113 Mﬁmﬂ ut EHEPUM!EMBJTSHEET

provi des application table of contents (

|de tifyi ng as
ed

entry points particuldr sectors in each user track that conta rDaaes‘h
type of MPEG conpressed video data, and 99id recordi ng neans ‘s=fForther
operative to Date 1S. SEP. .9 123 record said ATOC information in an
application TOC region in said programarea. 121. The apparatus of Caim
120 wherein said MPEG, coppregsed v dpg,dakact 3:80 qGldLaly scoaprbged of

i ntrafrane

Y.,

information includes TOC identification data for identifying
location of said TOC region, data configuration of said TOC
region, and sector configuration of each of said plurality of
sectors.

25. The.optical disk.eof Claim 1 wherein .said. TOG
information includes data representative of disk size.

26. The optical disk of Claim 1 wherein said TOC
information includes data représentative of a time code
assoclated with said user information.

27. The optical disk of Claim 1 wherein said user
information is reproducible at a selected one of plural playback
speedé; and said TOC information includes data representative of
said selected playback speed.

28. The optical disk of Claim 1 wherein said long
digstance error correction encoded data is encoded by inserting C2
and Cl hold sections at predetermined locations in the TOC and
user information supplied for recording and thereby forming
preliminary Cl words comprised of plural data symbols, generatin§
C2 parity symbols in response to a predetermined number of data
symbols of the same nuﬁber of preliminary Cl words and replacing
a C2 hold section in a preiiminary Cl word with said C2 parity
symbols to form a precursory Cl word.'generating Cl parity
symbols in'respon8e'to a precursory Cl word and inserting said C1

parity symbols into a Cl hold section to form a Cl code word, and
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i nformation identifies entry point sector ackjjcont a

i ntraframe” encoded picture data. 122. The &ppardtud of Ctaim ZjatymarﬁPISSS
said recording neans is further operativ od © record a plurality—ot—entry

point fields in an entry point section of said application TOC regi on, and

to record plural track sections in said application TOC regi on, each track

section bei -a5SQC e ' re [vesuser . tl.a id i t .nmeans
I's operati ver?lg ¢ glgprgo%%l'ég%%!c%ﬂesn erd yﬁgglg%% ?Fe%%%q%%gdsgg Eégaa dr%g'g] long
representi ng;iatafet Obridr ddISRictibRCEne88LAI gl a begi nning portion of

I ntraframe encoded picture data, and to provide at | east one entry point
field pointer for rec29di rthe ppEitndcliskcot orildim i2@ewhetyin heright ry point
field containing the sector address which represents the sector in which
sai d begi nniinfopBrtiom Hiat mia aecerdedneggeriid long distance error

correction encoded data exhibit a symbol sequence different from

the symbol séquence of.the information supplied for recording.-
30. The optical disk of Claim 29 wherein said Cl code:
word is comprised of odd and even symbols with the odd symbols
being recorded together in an odd group and the even symbols
' being recorded together in an even group.
31. The optical disk of Claim 30 wherein each Cl code
word is foimed of m symbols and each C2 code word is formed of n

symbols, where m and n are integers:; and whereins

k =mxi + 2xj - m, when j < m/2

k=mxi + 2xj - (m-1), when j = m/2.

where i is the sequential order in which the Cl1 code words are
presented for recording._j is the sequential order of the m
symbols in each Cl1l code word presented for recording, and k-is

the order in which the m symbols are recorded on the disk.



picture, data i s recorded. 123 The apparlalmnw mﬁmmmf
i nput mreans further provides data repres

sectors recorded. on said disk and said retordi g feahs 1s
record said data in said application TOC tegi on. P |
r EElI PLA- ENTSHEET 124 Date : ..5EPI 1 124 The
apparatus of C aim 113 wherein sai d recordi ng nmeans records said

MPEG- conpr essed vi deo épta,rggdoég fog})res ggg ? d@é%iariﬁgﬁ @ters of
a

user information and i'S opérat ey & P™ecti ons

n-an appl i cathOindiiaet! @Biraddisal thiduud d%gnispéﬂaw;é o1, recording
in sai -

convolutlon code.
33. The optlcal disk of Claim 1 wherein sald TOC and
user information are modulated for recording by reading from a
selected oﬁe of plura; storage tableé a 2n-bit symbol in response
to an n-bit byte supplied for.recording. the selected storage
~table being a function of the preceding 2n-bit symbol that had
been read.
34. The optical disk of Claim 33, wherein successive
2n;bit symbols are run length limited. '
35. The opt1ca1 dlsk of Claim 34 wherein different Zn-
t two of said
storage tables for the same n-bit byte.

36. The optical disk of Claim 35 whe;ein the 2n-bit
symbols stored in one of said two storage tables exhibit positive
digital sum value (DSV) and the 2n-bit symbols stored in the
other of said two storage tables exhibit negative Dsv.

37. The optical disk of Claim 36 wherein the selected
atorage table ia determined as a funation of the nnmher of."O"
bits in which thé preceding 2n-bit symbol terminates and
accﬁmulated DSV of a predetermined number of preceding 2n-bit
symbols.

38. A method of recording data on an optical disk

having a diameter less than 140 mm, a thickness of 1.2 mm % 0.1



appl i cat i on TOC region information rep“mm Illru!ﬂm&lll i've chapt er
i dent | fication, predet er m ned paranete conyr E
data and the corrpressed audi o data recorded in said respecti 6%%'2“{‘%8“

entry poi nt data identifying entry. -poi ntl03ectors in said res&ygt qwm

in which selected MPEG conpressed video data are recorded

apparatus of Cl aim 124 wherein said recording means is further operative to
record in said gegllcat o TOC regi.on.a ch ter a?ésectlon cant ai n| ng a

plurality &P RRSes FEFARIng, 68 §L7Adte Jr’?'éaons Paftv8 1D Hrovitde for
recording if}ed QR@DLGieécﬁQJdtO%reQS 5RE 8T HEEHAD J ﬁ%ﬁﬂ&' {?Hecg'l?éﬁaer

I dentification, at |east one nane pointer to tdentify a nane field |n whi ch

t he nane prmudiﬁgsw | Meforaption isclhefdirigMPEG-cbRbredied apidsdtidataof

Claim124 wherein said input . - -
and compressed audio data for recording in a plurality of
sectors in user tracks: éroviding table of contents (TOC)
information for recording in a plurality of sectors in at least
one TOC track, said TOC information including addresses of
respective start séctorg, each identifying a starf sector of a
respective user track: encoding both said uéer information
including MPEG-compressed video data and compressed audio data
and said TOC information in a long distance error correction code
having at least eight parity symbols:; modulating the encoded user
and TOC informations récording the modulated, encoded TOC
information as emboséed pits in said at least one TOC track in
said lead-in area: and recording the modulated., encoded user
information as embossed pits in said user tracks in said program
area with a track pitchlin the range between 0.646um and i.OSpm.

39. The method of Claim 38 wherein each of said steps
of recoiding is 9perative to record said embossed pits with a
linear density in the range between 0.237um per bit and 0.378um
per bit. ‘
40. The method of Claim 38 further comprising the step

of recording at least one additiocnal TOC region containing

duplicate TOC information in said lead-in area.



means furthéf provides; as said informati ﬂ[ t|n chapt FEPLACEMENTSHEET
i dentification, track nunber data for ide ' iﬁ" track in
sai d respec‘tive chapter is recorded. m te | b ﬁle\/}m%&mﬁ

5 SEP 199 | | Date . ST RS 1512 --------------
apparatus of Caim 126 wherein said |nput Heans further provi des chapt er
nunber data for |dent|fy| ng the nunber of said respective chapter. 128. The
apparatus of O aim 124, whepain sajdyinpyl, Rang ROV deS, A% SAMd the ste

i nformation representi ng chap ot &F - P

of recording application table of contents (ATOC) information in

an application TOC region in saidlprogram area identifying
predetermined parameters of the MPEG-compressed video data and
the compressed audio data recorded in respective user tracks.

42. The method of Claim 41 wherein the MPEG-compressed
video data is provided in a selected one of plural video
compression formate. and the compressed audio data is provided in
a selected one of plural audio formats, and said step of
recording ATQC,inforﬁétion includes recording plural format
identifier data for identifying the video compression and audio
formats recorded in each user track.

43. The method of Claim 42 further comprising the
steps of fecording'a parameter section in said application TOC
region containing a plurality of parameter fields, each parameter
field containing a format ID code identifying one of a video
compression format or an audio format, and recording plural track
sections in said application ioc region, each track section being
associated with a respectiyve user track and reeording in each
track section at least one parameter field pointer to designate
the parameter field containing the format ID code which
identifies the video compression format or audio format of the
user infofmation recorded in the associated user track.

44. The method of Claim 43 wherein plural parameter

field pointers are recorded in at least one track section in said

e
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identificatjon,.category data for identifyj yp
respective chapter. 129. The apparatus of nmﬂl@ﬂ@i@ﬂﬂmﬂn
at |least said user tracks includes a sectok nal's adi
. thereof, and said recording neans is opejggtive to record in said sector
header, a sector sync pattern, a sector address, an error detection code,
and subcode data. 130. The apparatus of C aim 129 wherein said subcode data
in a given oL kncl s.a .subcode identifier and subcode information of
2 ype | deriirigaepit ol tuRinee ek ioilig L bR RUREENE ALTRE T T
130 wher ei ipa3@indtapbeddead dadriang’ ibandi SPP I8e2JIEES Scompres st _
apparatus of Caim 130 wherein said user information is picture information
repr esent i fipranatespdcthe eayplict fioemabndf sthal yssgoidifngmatbers rescopledatinve t o

““record said

the user track associated with said track section.

45. The method of Claim 38 further comprising the step
of recording applicatién table of contents (ATOC) information in
an application TOC region in said program area identifying as
entry points particular sectors in each user track that contain a

- selected type 6f MPEG-compressed video data. |

46. The method of Claim 45 wherein said MPEG-
compressed video data is selectively comprised of intraframe
encoded picture data or predictively encoded picture data; and
said ATOC information identifies entry point sectors in each user
track containing intraframe encoded picture data.

47. The method of Claim 46 further comprising the step
of recording in an entry point sectién a plurality of entry point
fields of said application TOC region., each entry point field
having recorded therein a sector address representing a sector in
a user track coﬁtaining,a beginning portion of intraframe encoded
picture data, and récoiding plural track sections in said
application Toc.régiOn. each being associated with a fespedtive
user track and each having recorded therein at least one éntry
point field pointer to identify the entry point field containing
the sector address which represents the sector in which said

beginning portion of intraframe encoded picture data is recorded.
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record as subcode information first dis regresenting Spp 1995
di stance from said given sector to the sector in Whi*ch *pi ct r 8% frf-or et o

representing a next preceding REPLACENENT SHEET ~~ Date:.  ~~1 5 SEP 1995
C L lillillDate :...... 9.5 126 picture is recorded and
second di stance information representing the dist&ice tromsaid given

sector to the sectorggn ‘MHeCHleEhSB%E ¢ M9t QR AEP SifptlilagNhg? tREXT
followi ng picture is record

steps of recordlng in said application TOC region data
representing the number of entry point sectors recorded on said
disk. | i

49. The method of Claim 38 ferther comprising the
steps of recording said MPEG-~compressed video data and said
compressed audio data as chapters ef user information:; and
recording a plurality of chapter sections in an application TOC
region, having recorded therein information representing
respective chapter identification, predetermined parameters of
the MPEG-compressed video data and the compressed audio data
recorded in said fespective chapter, and entry point data
identifying entry point sectors in said reepective chapter in
which selected MPEG-compressed video data are recorded.

50. The method of Claim 49 further comprising the
steps of recording in said application TOC region a chapter name
section containing a plurality of name fields; and recording in a
chapter section, as information representing chapter
identification, at least one name pointer to identify a name
field in which the.name of said respective chapter is recorded.

51. The method of Claim 49 wherein said information in
a chapter section representing cﬁapter identification includes

track number data for identifying the user track in which said

respective chapter is recorded.
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for cqonpressing a predeterm ned display sﬁlﬂlﬁm‘“\m\‘ M e (ldiode 13§§1€f?1995 |

accordance with. selectively different typ of conpr e§si On- elreTaiAF— ===

t echni ques, and sdi d subcode information 1&3 cl udes type identifying

i nformation for identifying the type of ¢C ﬁpression-encoding t echni que that

Is used to conpress the data recorded in said given sector and seqguence

nformation for |denidsy! B! HEchgsls Qhdih 33! dndbabh A 2PURRER0toA NG

picture represented by the conpressed picture data t I's recorded In said
gi ven sect 04 . cHa{dter RRcAARAI 2bpEeféntdmy Bk ¥ eBENDL SRELL 1b9E FukrBhar Mat | On
I's variable over tinme, and said subcode information includes tine code data
r epr esent i ngn¢lwdes whaptetri opmber wiatoh Sai ddeosd fyhhorihe inmber péceadidd.
135. The apparatus, of Claim 113 wherein said TCC -

reaspective chapter.

53. The method of Claim 49 wherein said information in
a chapter section rep;esenting chaptér identification inclﬁdes
category data for identifying a category type of said respective
chapter,

54. The method of Claim 38 wherein each sector in at
least said user tracks includes a sector header at a.leading |
portion thereocf: and said step of recording user information
inclﬁdes recording in said sector header, a sector sync pattern,
a secéor address, an error detection code, and aubcode data.

'55. The method of Claim 54 wherein said subcode data
in a given sector includes a subcode identifier and subcode
information of a type identified by said subcode identifier.

56. The method of Claim 55 wherein said subcode
identifier is a subcode address.

57. The method of Claim 55 wherein said user
information is picture information representing a respective
picturg; and said step of recording comprises recording said
picFure information in at least one sector in said user tracks.
and recording as subcode information first distance information
representing the distance from said given sector to the sector

in which picture information representing a next preceding
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track and zfs or confrguration o each 0 sald ector
the distance from said given sector to the sector in which

picture information representing a next following picture is
recorded. . i

58. The method of Claim 55 wherein said step of
encoding said user information comprises compressing a
predetermined display sequence of picture data in accordance with
selectively different types of compression-encoding technique,
and said subcode information includes type identifying
information for identifying the type of compression-encoding
technique that is used to compress the data recorded in said
given sector ‘and sequence information for identifying the
location in said display sequence of the picture represented by
the compréssed picture.@ata thaf is recorded in said given
éector.

59. The method of Claiﬁ 55 wherein said user
.infbrmation is variable over time, and gaid subcode information
includes time code data representing time information at which
said user iﬁformation is recorded.

60. The method of Claim 38 whérein said TOC .
information is représentative of record/playback characteristics,
diameter, recording capacitﬁ and number of record tracks of said
optical disk.

61. The method of Claim 38 wherein said step of

recording said TOC information includes the steps of recording
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137. The apparatus of C aim 113 wherein jmlﬂmﬂl Ml j on)} i ncl t
representative of disk size. 138. The appé# lJ I “‘ " Ll EM@ﬁgﬂ§i§gPd@BSm
TOC infornation includes data representative of a 1ime code ‘

said user information. 139. The apparat ugyf C aim 113 wherein said user
information is reproduci ble at a sel ected one of plural playback speeds;
and said TOC informati on includes data representative of said sel ected

pl ayback speed..140.. JThe apparatus_of C aim_113 wherein_ said encaqdi ng neans
i s conprised of ™ %st-l;_fc@rtlf’ cdf ?nﬁ°§a’i%?’lfslé"%'_13ﬁdaTéﬁc"f‘H%’?r?a i ﬁ‘%aggi nput
data: neans ;fQbti 38 4ddE LekdNdeld 80 5 QG0BSnREGRESHERISTIE 224y at

| ocations in said input data to thereby formprelimnary Cl1L words conprised

of plural dakassysihs mc teaek,f andgesssmatiimy aCaepaort yosfipotat ion bEspanse

~to a predetermned . ‘ -
of said plurality of sectors.

62. The method of Claim 38 wherein said TOC
information includes data representative of disk size.

63. The method of Claim 38 whefein said TOC
information includes data répresentative of a time code
associated with said user information.

64. The method of Claim 38 wherein said user
information is rgproducibie at a selected one of plural playback
speeds; and said step of recording said TOC information includes
the step of recording data representative of said selected
pPlayback speed,

65. The method of Claim 38 wherein said step of
encoding information in said long distance error correction code
is comprised of receiving said user and TOC information as input
data; inserting C2 and Cl hold sections at predetermined
locations in said inpuf data and tﬁereby forming preliminarf cl
words comprised-of plural data symbols; generating €2 parity
symbols in reaponse to a predetermined number of data symbols of
the same numbe;.of preliminary Cl words and replacing é C2 hold
section in a preliminary Cl word with said C2 parity symbols to
form a precursory Cl wofd. generating Cl parity symbols in

response to a precursory Cl word and inserting said Cl parity
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parity synbols.to forma precursory C* wsrdt ntans for ge en,g,[tl rig5C$EBaﬂ995y

.............................

synbols in response to a precursory O wpsd: and neans fo | TRSATT] Hg-said

Cl parity synbols into a . hold section to forma Cl code word, with a
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apparat us @f pEbaidt kil s aibeai &t It BiNGode words as said long
distance error correction encoded data.

66. The method of Claim 65 wherein said step of
recording comprises recording the symbols of the Cl.code words in
a symbol sequence different from the symbol sequence of said
prelihinary Cl words.

67. The method of Claim 66 wherein a preliminary Cl
code word ias comprised of odd and even symbols and wherein said
step of recording records the odd symbols together in an odd
group and records the even symbols together in an even group.

68. The method of Claim 67 wherein each Cl code word
is formed of m symbols including m-n Cl parity symbols, wherelm

and n are integers; and whereins

k =mxi + 2xj - m, when 7 < m/2

k=mxi + 2xj - (m-1), when j = m/2,

where i is the sequential order of the preliminéry Cl words of
input data, j is the sequential order of the m symbols in each
preliminary Cl code word, and k is the order in which the m

symbols are recorded on the disk.



and the even synbol s together

means further includes neans for recordi gmﬂm‘m!“ﬂﬁmuﬂntge @EF{Q@QFM

in a synmbol "sequence different fromthe
Cl words. 142. The apparatus of O aim 141 ®whérei'n & ptelinmn ‘]Da@:..ﬁ.ﬁ!i%g;_
word is conprised of odd and even synbol signd wherein said TS : _1935‘_

£
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d prelimnary

EET

recording is operative to record the odd synbols together in an odd group
I'n an even group. 143. The apparatus of Caim
142 wherein each C cgge (d 1S her ned.pf: msynhol s.ingl uding man Cl
parity synbols, whe_reggn' a;\%\e methiod {_r;g Ci)ém ﬁ%mm g#ﬁ_gtekiop _
when j ¢ M Zdecaifly cdmg¥ises (Adoliny88id dsd¥ ZndWOEeihebSmdtiors GGt i al
order- of the prelimnary Cl1 words of "input data, j is the sequential order
of. the m syrdmivelutieactode. - ) '

hare I ntegers: and erein:

70. The method of Claim 38 wherein said stép of
modulating comprises supplying said TOC and user information as
n~-bit bytes, reading from a selected one of plural storage tables
a 2n-bit symbol in response to a supplied n-bit byte, and
selecting said one storage table as a function of the preceding
2n-bit symbol that had been read.

71. The method of Claim 70, wherein successive 2n-bit
symbols are run length limited.

72. The method of Claim 71 wherein different 2n-bit
symbols are atored respectively in at least two of said storage
tables for the same n-bit byte.

73. The method of Claim 72 wherein the 2n-bit symbqls
stored in one of said two storage tables exhibit positive digital
sum value (DSV) and the 2n-bit symbols stored in the other of
said two storage tables exhibit'negative DsV. |

74. The method of Claim 73 wherein the step of
selecting said one storage table is determined as a function of
the number of "0" bits in which the preceding 2n-bit symbol
terminates and accumulated DSV of a predetermined number of
preceding 2n-bit symbols.

75. A method of reproducing data from an optical disk

having a diameter less than 140mm, a thickness of 1.2mm % O.imm

+ 2X] - m
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apparatus of O aim 113 wherein said encoging conprises a ¢
encoder. 145. The apparatus of C aim 113 mhereln sai d nodul at or neans
conprises an n-to-2n nodul ator in which said TOC and user information are

suppiied agnd Bl beldfdihg lahEhUAL DI Uitlo Sl 9eadLhaADLER, L3R SLaLI Ng

n-bit synbol's corresponding to respective n- ytes for rea I ng

froma SE|%QBEQ P8&d-cut area, and wherein said data is recorded as
émbosaed pits representing modulated, error~correction encoded
user information including MPEG-compressed video data and
compressed audio data in sectors in user tracks in said program
area, representing modulated, error-correction encoded table of
contents (TOC) information in sectors in at least one TOC track
in said lead-in area with said TOC information including
addresses of respectivé start sectors of said user tracks, and
representing application table of contents (ATOC) information in
sectors in at least one track in said program area relafed to
said MPEG-~compressed video and compressed audio data: the tracks
having_a track pitch in the range of 0.646pﬁ to 1.05pm= said
method comprising the steps of fotating said disk to obtain a
conatant linear velocitys projecting a pickup light beam through
a lens for optically reading the rotating disk, said pickup light
beam having a spatial frequencj £ = A/2NA, where the spatial
frequency £ is less than the track'éitch. A is the wavelength of
the pickup'light beam and NA_is the numerical aperture of the
lenss demodulating the data read from said disk; error correcting
the demodulated data; separating the error corrected data into
TOC information, ATOC information an& user information: using
said TOC information to access and read selected user tracks in

response to access instructions from a user; and using said ATOC



storage table a 2n-bit synbol in respon o ' n-bitn@gﬂﬁbENﬂg¢rsHEET
means for sélecting said storage table Eﬂmﬂ"mﬂ"ﬂﬂ ,ﬁ ,the prececj‘igl‘gl
2n-bit synbol that had been read. 146. The @apparatus o+ C aijnpdié5, SEBilaas

successive 2n- bit synbols are run Iengt[l %i mted. 147. The tyst—of——rr
Claim 146 wherein at |least two of said s b age tables store different
2n-bit synmbols for the sane n-bit byte. 148. The apparatus of C aim 147
wherein the 2n-bit synmbols stored in ane of said two stor_agséggb#@s exhi pi t

[

posi tive di gHrEATahHOPaFieTEPERAISH PIIRE TS BRI Ao TheBther

of said two 4 gl age tables exhibit negative DSV. 149. The apparatus of

Cl aim 148 wherein said neans for selecting said one storage table includes

means for sensing the7gunbene ohethdd dAf Iclaiin Whi wheidlith paddedinbgssed [Hits

synbol have a linear density in the range between 0.237um ﬁer bit and
0.378um per bit;

77. The méthod of Claim 75 wherein at least cne
additional TOC region containing duplicate TOC information is
located in said lead-in area.

78. The method of Claim 75 wherein said ATOC
information identifies predetermined parameters of the MPEG-
compressed video data and the compressed audio data recorded in
respective user tracks.

79. The method of.claim'78 wherein the MPEG-compressed
video data in a respective user track is encoded in a selected
one of plural video compression formats, the compressed audio
data is encoded in a selected one of plural audio formats, and
-8aid ATOC information includes plural format identifier data for
identifying the video compression and audio formats used in each
user track.

80. The method of Claim 79 wherein said ATOC
information includes a parametef section containing a plurality
of parameter fields, each parameter field containing a format ID

code identitying ‘one ot a video compression tormat or an audio

format, and plural traack seationa. each heing asacaniated with a



term nates, neans for determning the accun“‘m)m“ mgwlfu prpggtq_mmdsfHEET
L2 L L

1111REPLACEMENT. SHEET 1!'111 1 11 NI !  Date®. FId sél ect jnomté hei_&.&ﬁggﬁas..

nunber of preceding 2n-bit synbols and nea
table as a function of the sensed nunberigf "0" bits and th threraed

DSV. 150. Apparatus for reproducing data froman optical disk having a
di aneter less than 140mm a thickness of 1.2nm O.1mm and a recording area

divided intg.a Lead-] Led,. A ar ; UL +8E Eng 20k
wherei n sai gl%%é agoﬁls’{t%écg%?dgagéggée)%ﬁgl{'sﬂfeg%%ﬁﬁgg?gp#gégieknti ng rmdﬁ?at ed,

t€rror-corregbipik 6AF R which identifies the video compression format or
~audioc format of the user information recorded in the associated

user track.

81. fhe method'of Claim 80 wherein at least one track
section of said ATOC information contains plural parameter field
pointers to designate a corresponding number of parameter fields,
thereby identifying the vidéo compression format and the audio -
format of the user information recorded in the user track
associated with said one track section.

82. The method of Claim 75 wherein said ATOC
information identifies as entry points partiéular sectors in each
uocr track that contain seclected MPEG-compresoed video data. |

83. The method of Claim 82 wheréin said MPEG-
compressed videc data ig selectively comprised of intraframe
encoded picture data or predictively encoded picture data:; and
said ATOC information_identifies entry point sectors in each data
track containing intraframe encoded picture data.

84. The method of Claim 83 wherein ATOC information
‘includes an entry point section éontaining a plurality of entry
point fields, each entry point field containing a sector address
representing a sector in a user track containing a beginning
portioﬁ of intraframe encoded picture data., and said ATOC
information further includes plural track sections, each.being

associated with a respective user track and each containing at
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rotating disk, said pickup Ilght beam having a spatial frequency A = X/ 2NA
wher e the sgatﬁaisfﬁﬁﬂﬁﬁﬁﬁéy is less than the track pitch, Xis

85. The method of Claim 84 wherein said ATOC
information further includes data representing the humbér of
entry point sectors recorded on said disk.

86. The method of Claim 75 wherein said MPEG-
compressed video data and said compressed audio data are recorded
as chapters of user informaéion: and said ATOC information
contains a plurality*of chapter sections, each containing
-information represenﬁing respective chapter identification,
predetermined parameters of the MPEG-compressed video data and
the compreassed audio data recorded in said respective chapter,
and entry point data identifying entry peoint sectors in said.
respective chapter in which selected MPEG-compressed video data
are recorded.

87. The method of Claim 86 wherein said ATOC-
information further containse a plﬁraiity of name fieldsy and said
information in a chapter section representing chapter
identification includes at least one name -pointer to identify a
name field in which the name of said respective chapter is
recorded. |

88. The method of Claim 86 wherein said information in

a chapter section representing chapter identification includes
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user and reggglgééﬁ/ﬁ,et thf,ltgrAIQCréég,_qiéaatlon to reproduce sel ected video
and audi o data from said

- 89. The method of Claim 88 wherein said information in
a chapter section representing chapter identification further
includes chapter number data for identifying the number of said
respective chapter. | |

90. The method of Claim 86 wherein said information in
a chapter section representing chapter identification inqludes
category data for identifying a category type of said respective
chapter.

91. The method of Claiﬁ 75 wherein each sector of said
user and TOC tracks includes a sector header at a leading portion
thereof, said sector header containing a sector sync pattern, a
sector address, an error.detection code, and subcode data.

92. The method of Claim 91 wherein said subcode data
in a given sector includes a subcode identifier and subcode
inforﬁatioﬁ of a type identified by said subcode identifier._

93. The method of Claim 92 wherein said subcode
identifier is a subcode address.

94. The method of Claim 92 wherein said user
information is picture information representing a respective
picture, said picture information being recorded in at least one
sector in a user track, and wherein said subcode information
includes first distance information representing the distance

from said given sector to the sector in which picture information
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The apparatus of Caim 150 wherein sai d oc"i'nf ormat | on identifies
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conpr essi on Fornats e- corrpres data 1's encode se ect ed one
of plural agkbtdd @"BhE, sector in which picture information representing a

next following picture is recorded. i

95, The method of Claim 92 wﬁerein said user
information is compressed picture -data selectively comprised of
different types of compression-encoded data representing
respective pictures having a §redetermined display sequence, and
said subcode informatien includes type identifying information
for identifying the type of compression-encoded data that is
recorded in said given eecter and sequence information for
identifying the locetibn inleaid display sequence of the picture
represented by the compression-encoded data that is recorded in
said giveh asector.

96. The method of Claim 92 wherein said user
information is variable over time, and said subcode information
includes time code data represeﬁting time information at which

' said user information is recerded.

97. The methed of Claim 75 wherein said TOC
information is representative of record/playback characteristics,
diameter, recording capacity and number of record tracks of said
disk. |

98. The method of Claim 75 wherein said TOC
information includes TOC identification data for identifying a

location of said at least one TOC track, data configuration of
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[T~~~ 155. The appar at us of* Cl ai m 1pA4 wherein said ATOC Thfor matTormn
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99. The method of Claim 75 wherein said TOC
information includes data representative of disk size.

100. The method of Claim 75 wherein said TOC
information includes data repregentative of a time code
associated with said user information.

101. The method of Claim 75 wherein said user
information is reproducible at a selected one of plural playback
speeds; and said TOC information includes data representative of
sald selected playback~speed;

102. The method of Claim 75 wherein said error-
correction encoded informatiqn is formed of a pre-established
number of Cl code words, each Cl code word containing information
symbols, C2 parity symbols each of which is derived from an
information symbol included in a preassigned number of Cl code
words, and Cl parity symbols each of which is deriﬁed from a

© - predetermined number of symbols, including information symbols
and C2 parity symbols in said Cl code word: and.wherein.said step
of error correcting cémprises usiﬁg said Cl1l parity symbols to
error correct the Cl code word which contains said C1 parity
symbols, using said C2 parity symbois in said C1 code-word to
error correct respective information symbols included in said

preassigned number of Cl1 code words, and forming an error
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correspondi ng nunber of parameter fields, thereby identifying=thewideg """

conpression format and the audi o for.mat of t he user |nforrrat|on recorded I n
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vi deo data. 158. The apparatus of Caim 157 wherein said MPEG conpressed
-video data is sel ectild.y Thepetbed of ClHimaflo2meheneimleshipd dinfoemdaian or
prEdlCtlVel%ygggggegrénéiég;z;g?gi aaggsarranged order: and wherein the step

of error correcting further comprises rearranging the order of

the symbols included in said error corrected code word to an

arranged sequence.

104. The'method of Claim 103 wherein said disarranged
order is formed of odd information symbols recorded in an odd
group and even information symbols recorded'in an even group, and
said arranged sequenée is formed of sequential_alternating-odd
and even information symbois.

105. The method of Clain'104 wherein each Cl code word
is formed of m symbols including n information symbols, where m
and n are integers} and whereins

| s 1= (k/m) - (Emod2) + 1
= {m/2) x (kmod2) + (kmodm)/2.
where i is the sequential order of the error-corrected Cl code
wnrds. j is the sequential order of the arranged sequence of m
symbols in each error-corrected Cl code word, and k is the
disarranged order in wnich the m symbols are recorded on the
disk.
106. The method of Claim 75 wherein the error

correction encoded data is in a convolution code.



i i ion | i fi ' | ﬁ*eaasaF&ﬁEws*-aEE?
ot Mg e o eended o erur e adl lﬂllﬁﬁﬁlﬁllllﬁll!ﬂ“ﬂﬁ‘i 1L1pgIgE ’
111 EP"LACE-MEINT  :rJSH ..5. SEP 1995 133" 159. 'Th& appal at Deteot. En% .

wherein said ATOC infornatlon i ncl udes a@1§ntry poi nt sectFercoRtarnrig—a
plurality of entry point fields;, each enfry point field containing a sector
address representing a sector in a user track contalnlng a begi nni ng
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respective 4sgk id dda@Med as a run length limited (RLL) code; and said
step of demodulating includes decoding said RLI data.

108. The method of Claim 107 wherein said RLL code is
(2.16) ﬁLL code, such that successive data transitions are
separated by no.less than 2 data bit cells and by no more than 10
data bit cells. |

109. The method of Claim 107 wherein said RLL code'is-
recorded as 2n-bit information words. and said etep of
deﬁodulating cenverts said 2n-bit information words into n-bit
information words. |

" 110. The method of Claim 109 wherein said step of
demodulating comprises storing in each of a plurality of tables
several n-bit information words, seleeting a particular table as
a function of a preceding 2n-bit information wore read from said
disk, and reading out from the selected table an n-bit
1nformatlon word which corresponds to the 2n-bit information word
presently read from said disk.

111. The method of Claim 110 wherein at least one 2n-
bit information word read from the'disk corresponds to two
different n-bit information words one of which is stored in one
taﬁle and the other of which is stored in another table, and
wherein said step of selecting further comprises examining the

2n~-bit information word which next follows .said presently read
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further includes data representing the nunber of entry poirt—sectors
recorded on said disk.. 161. The nethod of C aim 150 wherein saird MPEG

conpressed videg data anid said goppressed audi o data_are, (ecqrde
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respective chap Irdentification, predeterm ned paraneters of the

MPEG- conpr essed vi deoixiat arhenaethed cofprsined lausgherdahasa it ortehpd oifn sai d

respective chapter, and entry point data identifyi ng.ent(y poi nt segt ors in

sai d examining comprises sensing predetermined bits in said next
following 2n-bit information word to determine the table to be
selected for said next-following 2n-bit information word, and
selecting said one or said other table for said presently read
2n-bit information wofd depending upon the table to be selected
for said next following 2n-bit information word.

113. Apparafus for recording data on an optical disk

having a diameter less than 140 mm, a thickhess of 1.2 mm £ 0.1
mm and a recording area divided into a lead-in area, a program
area and a lead-out area, said apparatus comprising: input means
for providing user information including MPEG;compreséed video
data and comprgésed audio data for recording in a plurality of
sectors in user tracks and table of contentas (TOC) information
. for recording in a plurality of sectors in at least one TOC
track, said TOC information including addresses of respective
start sectors, each identifying a start sector of a respectivé
user track: encoding means for éncoding both said user
information including MPEG-compressed video data and compressed
audio-data and said TOC information in a long distance error
correction code having at least eight parity symbols: modulator .
means for modulating the encoded user and TOC information; and

recording means for recording the modulated, encoded TOC
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said lead-in area and for recording the mcdulated., encoded user
informhtion as emboassed pite in said uaef tracks in said program
area with a track pitéh in the raﬁge between 0.646um and 1.05um.

1l14. The apparatus of Claim 113 wherein said recording
means is operative to record said embossed pits with a linear
density in the range between 0.237um per bit and 0.378um per bit.

115. The apparatus of Claim 113 wherein said recording
means is operative to record at least one additional TOC region
containing duplicaté TOC information in said lead-in area.

116. The apparatus of Claim 113 wherein said input
means further provides application table of contents (ATOC)
information'identifying éredetermined parameters of the MPEG-
compressed video data and the compressed audio data recorded in
respective user tracks, and said recording means is further
operative to record said ATOC information in an application TOC
region in said program area.

117. The apparatus of Claim 116 wherein the MPEG-
compressed video data is pfovided in a selected one of plural
video compression formats, and the compressed audio data is
provided in a selected one of plural audio formats, and said ATOC
infprmation provided by said input means includes plural format
identifier data for identifying the video compression and audio

formats recorded in each user track.
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identification further includes chapter nuypber data for iden yg—the
nunber of said respective chapter. 165. The apparatus of Claim 161 wherein
said information in a chapter section representing chapter identification
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chapter. 166. The apparatus o erein each sector of at

sai d user thaeks idJpestaside SES AR padbndtd HUG PORKI 88id her eof ,
sai d sector header containing a sector.sync pattern, a sector address, an
error det ecappkiestdeon 206 sedprieccdiaining a plurality of parameter

fields, each parameter field containing a format ID code
identifying one of a video compression format or an audio format,
and said input means further provides plural track sections for
recording by said recording means in said application TOC region.
each track section being associated with a respective user track
and each track section containing at least one parameter field
pointer to designéte the parameter field containing the format ID
code which identifies the video compression format or audio
format of the user information recorded in the associated user
track.’ |

119. The apparatus of Claim 118 wherein said recording
means records plural parameter field pointers in at léast one
track section in said application TOC region to designaée a
corresponding meﬁber of parameter fields, thereby idgntifying the
video compression format and the audio format of the user
information recorded in the user track associated with said track
.éection.

120. The apparatus of Claim 113 wherein said input
means further provides application table of contents (ATOC)
information identifying as entry points particular sectors in
each user track that contain'a selected type of MPEG-compressed

video data, and said recording means is further operative to
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a type identified by said subcode identifyer. 168." THe dpparatus of daim
167 wherein said subcode identifier.is a subcode address. 169. The
apparatus of C aim 167 wherein.said user information is picture information

representi ngea £ SoRePLie RhEbS iRl BRCLULE; L QIHHC0BELAT; f ogof fled
in at | east one sector 'In auser track, and Whet @l Said subcode
i nf or mat i oprbgeamdased.i rst distance information representing the distance

121. The apparatus of Claim 120 wherein said MPEG-
compressed video data is -selectively comprised of intraframe
encoded picture data or predictively encoded picture dafa; and
said ATOC information identifies entry point sectors in each user
track containing intraf}ame encoded picture data.

122. The apparatus of Claim 121 whefein said recording
means is further operative to record a plurality of entry point
fields in an entry poiht'section of said application TOC region,
and to record plural track sections in said application TOC
region, each track section being associated.with a respective
user track, and said input means is operative to provide each
entry point field with a sector address representing é sector in
a user track containing a beginning portion of intraframe encoded
picture data, and to provide at least one entry point field
pointer for recording in a track gection to identify the entfy
point field containing the sector address which represents the
sector in which said beginning portion of intraframe encoded
picture data is recorded.

123. The apparatus of Claim-122 wherein said inﬁut
means further provides data representing the number of entry
point sectors recorded on said disk and said recording means is

operative to record said data in said application TOC region.
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region:; and said input means provides for recording in said
apélication TOC regién information representing respective
chapter identification, predetermined parameters of the MPEG-
compressed video data and the compressed audio data recorded in
said respective chapter, and entry point data identifying entry
point sectors in said respective chapter in which selected MPEG-
compressed video data are recorded.

125. The apparatus of Claim 124 wherein said recording
means is further operative to record in said application TOC
region a chapter name section containing a plurality of name
fields; and said input means is operative to provide for
recording in.a chapter section, as information representing
chapter identification, at least one name pointer to identify a
name field in which the name of said respective chapter is
recorded. . -

126. The apparatus of Claim 124 wherein said input
means further provides, as said information représenting chapter
identification, track number data for identifying the user track

in which said respective chapter is recorded.
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172. The apparatus of C aim 150 wherein smsd TOC i nformation is
representative of record/ pl ayback characteristics, dianmeter, recordi ng
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means further provides chapter number data for identifying the
number of said respective chapter. -

128. The apparatus of Claim 124 wherein said input
means provides, as esaid information representing chapter

identification, category data for identifying a category type of

said respective chapter.

129. The apparatua.of Claim 113 wherein.each sector in
at least said user tracks includes a sector header at a leading
portion thereof; and said recordiﬁg means is operative to record
in said sector header, a sector sync pattern, a sector address,
an error detection code, and subcode data. |

130. The apparatus of Claim 129 wherein said subcode
data in a given sector includes a subcode identifier and subcode
information of a type identified by said subcode identifier;

131. The apparatus of Claim 130 wherein said subcode
identifier is a subcode address.
| 132. The apparatus of Claim 130 Wherein said user
information is picture information fepresenting a respective
picture; and said recording means is 6perative to record said
picture information in at léast one sector in said user tracks,
and to record as subcode ilnformation first distance information
representing the distance from said given sector to the sector

in which picture information representing a next preceding
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The apparatus of C aim 150 wherein said ;pgC i nfor mat ifon*in
representative of disk size. 175. The apparatus of C aim 150 wherein said
TOC information includes data representative of a tinme code associated with
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correct i onpéatede dinfrfmadononepredentiowy of nexpr fodtowbnd ghature is
recorded. | )

133. The apparatus of élaim 130 wherein said encoding.
means comprises means for compressing a predetermined diaplay
sequence of picture data in accordance with selectively different
types of compression-éncoding techniques, and said subcode
information includes type identifying information for identifying
the typé of compression-encoding technique that is used to
compress the data recorded in said given sector and sequence
information for identifying the location in said display sequence
of the picture represented by the compressed picture data that is
recorded in said given sector.

134. The apparatus of Claim 130 wherein said user
information is variable over time, and said subcode information
includes time code data representing time information at which
said user information is recorded; |

135. The apparatus of Claim 113 wherein said TOC
information is representative of record/playback characteristics,
diameter, récording capacity and number of record tracks of said
optical disk.

136. The apparatus of Claim 113 wherein said TOC
information includes TOC identification data for identifying a

location of said at least one TOC track and configuration data
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each of which is derived froma predeterm ned nunber of *synbols, including
information synbols and C2 parity symbols in said Cl code word; and wherein

said error correcting nmeans includes r|ty orre 0 ns _to ror
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sectors.

137. The apparatus of Claim 113 wherein said ToOC
information includes data representative of disk size.

138. fhe apparatus of Claim 113 wherein said TOC
information includes data representative of a time code
associated with said user information.

139. The apparatus of élaim 113 wherein said user
information is reproducible at a selected one of plural playback
speeds;_and said TOC information includes data representgtive of
said selected playback speed.

140. The apparatus of Claim 113 wherein said encoding
means is comprised of ﬁeéns for receiving said user and TOC
information as input datas means for inserting C2 and Cl1 hold

- gections at predetermined locations in said input data to thereby
form preliminary €l words comprised of plural data syﬁbols; means
for generating C2 parity symbols in reaponse to ‘a predetermined
number of data symbols of the same number of preliminary C1
words; means for replacing a C2 hold section in a preliminary Cl
word with said C2 parity symbols to form a precursory Cl word:
means for generating Cl parity symbols in_response to a
precursory Cl words and meaﬁs-for inserting said Cl parity

symbols into a Cl hold section to form a Cl code word, with a
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synbol s that had been corrected by usi ng &id 2 parity correct
178. The apparatus of Claim 177 wherein said information synbols are
recorded in a disarranged orderv and wherein said error correcting neans
further inchralasst0a18861 ReBBARY Qhidr 8N sMWiIREddh@cbdetuing Neagynbol s
included in said error corrected G code word to an arranged sequence. 179.
The appar at lksngfdi@tainee 1€é8roh ereinactdiot dhsadedindmch.order is fornmed of odd
i nformati on synbols recorded in an odd group, and even informati on synbols
recorded in an even dfdupTharrPranafusy PgnS%%P-’%e‘cﬁ.%ﬁ@@rieé“f B i refording

sequenti al alatnegr}a %groggc géiese\z/neer}:\nlsm:‘.génzaéégpdn'.ergnt%%e symbols of the C1

code words in a symbol sequence different from the symbol
sequence of said preliminary C1 words.

142. The apparatus of Claim 141 wherein a preliminary
Cl code word is comprised of odd and even symbéls and wherein
said means for recording is operative to record the odd symbols
together in an odd group and the even symbols together in an even
group.

143. The apparatus of Claim 142 wherein each Cl code.
word is formed of m symbols including m-n Cl parity symbols.

where m and n are integers: and wherein:

k =mxi + 2xj ~m, when j < m/2

k=mxi + 2xj - (m-1), when j 2 m/2,

where i is the sequential order of the preliminary Cl words of
input data, j is the'sequential order of the m symbols in each
preliminary Cl code word, and k is the order in which the m

symbols are recorded on the disk.
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I is the sequential order of the error-corrected Cl code -words, J TS the
seqgential order of the arranged sequence of msynbols in each

error-corrected Cl cofgy wopd, o80d keh§ d%diRaT13"H0E- Y i HBLEERGNE M

synbol s are recorded on the d
comprises a convolution code encoder.

145. The apparatus of Claim 113 wherein said modulator
means comprises an n-to-2n modulator in which said TOC and user
information are supplied as n-bit bytes, including plural storage
tablesa, each for storing 2n-bit symbols cerresponding to
respective n-bit bytes: means for reading from a selected one
storage table a 2n~-bit symbol in response to a supplied n-bit
byte: and means for selecting said storage table as a function of
the preceding 2n-bit symbol that had been read.

146. The apparatus of Claim 145, wherein successive 2n-
bit symbols are run length limited.

147. The apparatus' of Claim_146 wherein at least two of
said storage tables store different 2n-bit symbols for the same
.n=bit byte.

148. The apparatus of Claim 147 wherein the 2n-bit
symbols stored in one of said two storage tables exhibit positive
digital sum value (DSV) and the 2n-bit symbols stored in the
other of said two storage tables exhibit negative DSV.

149. The apparatus of Claim 148 wherein said means for
selecting said one storage table includes means for sensing the
number of "0" bits in which the preceding 2n-bit symbol
terminates. means for determining the accumulated DSV of a

predetermined number of preceding 2n-bit symbols and means for
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is in a convolution code. 182. The apparatu MUHE§ erern sald' dat a
on the disk.is nodulated as a run length I| sm 6 SEF'EHS_

denodul ati ng neans includes an RLL decodei 183 The apparatuézgﬁ, at-p-182
wherein said RLL code is (2,10) RLL code, %uch t hat successive data '
transitions are separated by no | ess than 2 data bit cells and by no nore

code 15 recoPBLEFEE DTS £ oPRIGF netr Oh b S BaTH A1 HHRE8doPEBRE G s
said 2n-bit wpéosi@d Q8 ngd§cba$&1;£gatbswnfornat|on words. 185. The :
apparatus of Claim 184 wherein said RLL decoder conprises a plurality of
storage tabl es, each fis0.sAppangtus for reproducing data from an optical
- disk having a diameter less than 140mm, a thickness of 1.2mm &
0.1lmm and a recording area divided into a lead-in area, a program
area and a lead-out area. and wherein said data is recorded as
embossed pits representing modulated, error-correction encoded
user information including MPEG-compressed video data and
compressed audio data in sectors in user tracks in said program
area, representing modulated, error~correction encoded table of
contents (TOC) information in sectors in at least one TOC.track
in said lead-in area with said TOC information including
addresses of respective start sectors of said user tracks, and
representing application table of contents (ATOC) information in
sectors in at least 6ne track in said program area related to
said MPEG-~compressed video and compressed audio data; the tracks
having a track pitch in the range of 0.646um to 1.05um: said
apparatus comprising means for rotating said disk to obtain a
constant linear velocity; pickup means for projecting a pickup
light beam through a lens to optically read the rotating disk,
said pickup light beam having a spatial frequencf £ = A/2NA,
where the spatial frequency £ is less than the track pitch, A is
the wavelength of the pickup light beam and NA is the numerical

aperture of the lens: demodulating_means for demodulating the

data read from said disk: error correcting means for error
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a function of a preceding 2n- b|t I nformati mﬂn aid di% and
nmeans for readi ng out fromthe selected table an 'n- Bi t si nt orjhatenn. . JﬁEPuEES.
whi ch corresponds to the 2n-bit informati s word presently r :

di sk. 186. The apparatus of C aim 185 wherein at |east one 2n-bit

I nformation word read fromthe disk corresponds to two different n-bit

i nformation wor r N t égy} 0 r
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sai'd presently read 2n-bit information word to control the sel ection of
"sai d one or information: and control means responsive to said TOC

information to access and read selected user tracks in response
to access instructions from a user and responsive to said ATOC
information to reproduce selected video and audio data from said
disk.

151. The apparatus of Claim 150 wherein said embossed
pits have a linear density in the range between 0.237um per bit
t . ’ - -

152. The apparatus of Claim 150 wherein at least one
additional TOC region containing duplicate TOC information is
located in said lead-in‘area.

153. The apparatus of Claim 150 wherein said ATOC
information identifies predetermined parameters of the MPEG-
compressed video data and the compressed audio data recorded in
respective user tracks.

154. The apparatus of Claim 153 wherein the MPEG-
compressed video data in a respective user track is encoded in a

: selected one of plural video compressién formats, the- -compressed
audic data is encoded in a selected one of plural audio formats,
and said ATOC information includes plural format identifier data
for identifying the video compression and audio formats used in-

each user track.
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sel ecting neans to select said one or said other table for said presently
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sai d next follow ng n bi t rmation
information 1ncludes a parameter section containing a plurality

of parameter fields, each parameter field containing a format ID
code identifying one of a Qideo compression format or an audio
format, and plural track sections, each being_associated with a
respective user track and each containing at least one pérameter
field pointer to designate the parameter field containing the
format ID code which identifies the video compression format or
audio format of the user information recorded in the associated
user track.

156. The apparatus of Claim 155 wherein at least one
track section of said ATOC information contains plural parameter
field pointers to designate a corregponding number of parameter
fields, thereby identifying the video compression format and the
audio formét of the user information recorded in the user track
associated with said'oné track seétion.

157. The apparétus of Claim 150 wherein said ATOC
information identifies as entry points partiéular sectors in each
user track that contain selected MPEG-compressed video data.

158. The apparatus of Claim 157 wherein said MPEG-
compressed video data is selectively comprised of intraframe
encoded picture data or predictively encoded picture datas and
said ATOC information identifies entry boint sectors in each data

track containing intraframe encoded picture data.
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159. The apparatus of Claiﬁ 158 wherein said ATOC
information includés an entry point section containing a
plurality of entry point fields, each entry point field
containing a secto£ address representing a sector in a user track
containing a beginning portion of intraframe encoded picture
data, and said ATOC information further includes plural track
sections, each being associated with a fespective user track and
each containing at least one entry point field pointer to
identify the entry point field containing the sector address
~ which represents the sector in which said beginning portion of
intraframe encoded picture data is recordgd.

 160. The apparalus of Claim 159 wherein sald ATOC
information further includes data representing tﬁe number of
entry point sectors recorded on said disk.

161. The method of Claim 150 wherein said MPEG-
compreséed video data and said compressed audio data are recorded
as chapters of user information; and said ATOC information
contains a plurality of chapter sections, each containing
information representing respective chapter identification,
predetermined parameterg of the MPEG~compressed video data and
the compressed.audio data recorded in said respective chapter,
and éntry peoint dataﬂidentifying entry point sectors in said
respective chapter in which selected MPEG-compressed video data

are recorded.
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162. The’apparatus of Claim 161 wherein said ATOC
information further contains a plurality of name fields:; and said
information in a chapter section representing chapter
identification includes at least one name pointer to-identiff a
name field in which the name of said respective chapter is
recorded.

163. The apparatus of Claim 161 wherein said
information in a chapter section representing chapter
identificatien includes track nember data for identifying the
user track in which said respective chapter is recorded.

164. The apparatus of Claim 163 wherein said
information in a chapter section representing chapfer
identification further includes chapter number data for
1dent1fy1ng the number of said respective chapter.

165. The apparatus of Claim 161 wherein said
information in a chapter section. representing chapter
identification includes category data for identifying a category
type of said respective chapter.

166. The apparatus of Claim 150 wherein each sector of
at least said user tracks includes a sector header at a leading
portion thereof, said sector header containing a sector sync
pattern, a secter address, an error detection code, and subcode

data.
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167. The apparatus of Claim 166 wherein said subcode
data in a given sector includes a subcode identifier and subcode
information of a type identified by said subcode identifier.

168. The aéparatus of Claim 167 wherein said subcode

identifier is a subcode address.

169. The apparatus of Claim 167 wherein said user
information is picture inforﬁation representing a respective
picture, said picture information being recorded in at least one
sector in a user track, and wherein said subcode information
includes first distance information representing the distance
from said glven sector to the sector in which picture 1nformatlon
representing a next preceding picture is recorded and second
distance informatipn representing the distance from said given
sector to'the sector in which picture information representing a
next following picture is recorded.

170. The apparatus of Claim 167 wherein éaid user
information is compréssed picture data seleétively comprised of’
different types of compression~encoded data representing
respective pictures having a predetermined display sequence, and
said subcode information :anludes type identifying information
for 1dent1fy1ng the type of compression-encoded data that is
recorded in said given sector and sequence information for
identifying the loéation in said display sequence of the picture
represented by the compression-encoded data that is recorded in

said given sector.
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171. The apparatus of Claim 167 wherein said user
information is variable over time, and said subcode information
includes time code data representing time information at which
said user information is-reco:ded.. i

172. The apparatus of Claim 150 wherein said TOC
information is representative of recofd/playback'characteristics,
diameter, recording capacity and number of record tracks of said
disk.

173..The apparatus of Claim 150 wherein said TOC
information includes TOC identification data for identifying a
location of said at least one TOC track, data configuration of
said at least one TOC track, and sector configuration of each of
said plurality of sectors.

174. The apparatus of Claim 150 wherein said TOC
information includes data representative of disk size.

175. The apparatus of Claim 150 wherein said TOC
information includes data representative of a time code
associated with said user information.

176. The apparatus of Claim 150 wherein'said user
information is reproducible at a selected one of plural playback
speeds; and said TOC information includes data representative of
said selected playback speed.

177. The apparatus of Claim 150 wherein said error-
correction encoded information is formed of a pre-established

number of Cl code words, each Cl code word containing
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information symbols, C2 parity symbols each of which is derived
from an information symbol included in a preassigned number of Ci
code words, and C1 pa:ity symbols each of which is derived from a
predetermined number of symbols, including information symbolsa
and C2 parity symbols in said Cl code word:; and wherein said
error correcting means includes Cl1 parity correction means to
error correct a Cl code word with Cl parity symbols included
therein, C2.pariﬁy correction means to error correct respective
information symbols included in said preassigned number of C1
code words with C2 parity symbolé included in the error corrected
Cl code word, and means for forming an error corrected Cl code
word from,the information symbols that had been corrected by
using said €2 parity correction means.

178. The apparatus of Claim 177 wherein said
information symbols are recorded in a disarranged order: and
wherein said error correcting means further includes rearrangin§
means for reafranging the order of the symbols included in said
error corrected Cl céde word to an arranged seguence.

179. The apparatus of Claim 178 wherein said
disarranged order is foimed of odd iﬁformation symbols recorded
in an odd group and even infqrmafion symbols recorded in an even
group., and said arranged sequence is formed of sequential

alternatirg odd and even information symbols.
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180. The apparatus of Claim 179 wherein each Cl code
word is formed of m symbols including n information symbols,
where m and n are integers:; and wherein: _

i= kk/m) - (kmod2) + 1
j = (m/2) x (kmod2) + (kmodm)/2
where i is the sequentiél order of the error-corrected Cl code
worda, j is the sequgnt:al order of the arranged seguence of m
.symbols in each efror—éorrected.01 code word, and k is the
disarranged order in which the m symbols are recorded on the
disk.

181. The apparatus of Claim 150 wherein the error
correction encoded data is in a convolution code.

. 182. The apparatus of Claim 150 wherein said data on
the disk is modulated as a run length limited (RLL) code; and
said demoduléting means includes an RLL decoder.

183. The apparatus of Claim 182 wherein said RLL code
is (2,10) RLL code, such that successive data transitions are
separated by no less than 2 data bit cells and by nc more than 10
data bit cells. ' |

'184. The apparatus of Claim 182 wherein said RLL code
is recorded as 2n-bit information words. and said RLL decoder
converts said 2n-bit information words into n-bit information.
words.

185. The apparatus of Claim 184 wherein said RLL

decoder comprises a plurality of storage tables, each for storing
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several n-bit information words, means for selecting a particular
table as a function of a preceding 2n-bit information word read
from said disk, and means for reading out from the selected table
an n-bit information word which corresponds to the 2n-bit |
information word presently read from said disk.

186. The apparatus of Claim 185 wherein at least cone .
2n-bit iﬁformation word read from the disk corresponds to two
differenf n-bit information words one of whicﬁ is stored in one
table and the other of which is stored in another table, and
wherein said means for selecting includes means for examining the
2n-bit information wofd which next follows said presently read
2n-bit information word to contfol the selection of said one or
said other table as a fungtion of said next-following 2n-bit
information word.

187. The apparatus of Claim 186 wherein said meéns for
examining comprises means for senging predetermined bits in said
- next-following 2n-bit information word to determine the table to
be selected for said next-following 2n-bit information word, and
means for controlling said selecting means to select said one or
said other table for said presently read 2n-bit information word
depending upoﬁ the table to be selected for said next following

2n-bit information word.
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APPARATUS FOR RECORDING AND REPRODUCING COMPRESSED
INFORMATION

ABSTRACT OF THE DISCLOSURE

An optical disk of diameter less than 140mm and,
thickness of 1.2mm * 0.1mm, with plurality of record tracks

having data recorded as embossed pits representing

information and exhibiting track pitch befween 0.646um and

1.05um; with tréékslbeing divided into lead-in area,
program area and lead-out area. The data includes table of
contents (TOC) inforq&téon and user information recorded in
a plurality of sector; in at least one TOC track and user
tracks respectively. The user information comprises MPEG-
compressed video data, wﬁich exhibits any one of difference
MPEG formats, and compressed audio data; which exhibité an
MPEG and PCM formats or the like. The TOC information
includes addresses of étart sectors recorded in user tracks
and application table of contents (ATOC) information which.
identifies various parameters for'accessing and usin§ user
information. Data (user, TOC, ATOC information) is encoded

in long distance error correction code having at least

eight parity symbols.




