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The invention rela·l:ea to a novel optical diak ara ·, more 
' .. 

pa:iti,cn: larly. to that disk,. to a method of reaording and re :iding 

infonM c:iOn on the _disk and to apparatu.a for carrying out t:nat 

method •. 

Optical disks have. been. used as mass storage de.•,· .•:es 

for c011~·;>uter applioations, and such optical disks are knott1 • as 

CD-ROMi ~ The disk which is uped as the CD-ROM is modeled ~fter 

the st;! i~ard compact disk (CD) that has been developed fo1.· audio 

applic~ .~;iona a.nd is· ~sj.¢&~.ly · an audio CD with various 

improVE:menta and refineMenta particm1.t!3.rly adapted for oom.p ·1ter 

applicJ !:ions. Using such a co as a standard.,.· the CD-ROM ti ·ts a 

data st()rage capacity of about 600 M.bytes. By using audi ;·~ CD 

techno:pgy as ~ta basis,.. th~. CD-ROM and its d.isk drive hH 'e 

.become ;celatively i~expensive and are quite popular. 

However,. since conventional audio CDs with theL: 

inhere1 ·;~ .foDDat and stora9e capacity have been adapted fo~: co­

:ROMS,. ;:t has heretofore been difficult to iinprove the datu 

. storagi: capacity. In. typical computer applic:.ations, a ca1ac:ity 

of 600_Mbytes has been found to be insufficient. 

Also.· the data tra~fer .rate that can be obtainff .:L from 

audio. ,·~:>a generally is less than 1.4 ,Mbita/se~- (Mbps). Bc: 1..rever,.. 

comput•!r applications generally require a transfer rate f,e r.: in· 

e:xcess of 1.4 Mbps• but it is difficult to attain a faste.t 

tranaf .. ~r rate with conventional CD-ROMS. 
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Yet another diaadvantage aaaociatt1id with.conventional 

. CD-~.. and which .l,s du.e . to the fact that the audio CD fo:t:mat 

has been adapted for computer applica.tions_, ia the relat:l.v""ly 

· 1ong access· time .associated with accessing a.- partiaular lot.~ation · 

. on tJie disk. Typically, .relatively . long .strings of data aa:e read 

from audio CD.a, whereas computer applications often requin~ 
·. . . ·. . 

· accessing an arbitraq location to read a rela~ively smal1 amount. 
:· . .. ·. . . 

of 4at-. therefrom.· For e~mple. accessing a particular a•~tor 

may -tat;e too much time. for the CD controller to identify wl1ich 

sector ia being read by. t.he optical pick-up •. . . . . 

· -~ still further difficulty associated with CD-RO~ts, and 

which . .i•.l.ao i• . attributed tc_> the fact that liJUC:h CD-ROKa arE:! baaed 

upon ~utlio CD tecbnologyr is the error correct:l.ng ability 

thereof. · When audio data is reproduced fr;om an audio co. l!rrora · 

that cannot be aorreated nevertheless can ba. concealed by ,1aing 

interpolation based upon the high correlation of the audio 

inforl'AfO.tion that ia .played. back.. However, in computer 
. . 

. applic1<t:Lona, interpolation often carinot. be uaed to conce&:·. 

errors beC'!aus.e of the .low corr~latio.n o;f such data. Hence, the 

data that is recorded on a CD-ROM must be encoded .and modu i.ated 

in a fo:r:m ~ibiting high error correcting ability. Beret;(~1fore, 

data h&_a. been .recorded on a CD-ROM in a ~onventional crosA 

intez-le,ave Raad~Solomon code (CIRC) plus a so""'.called block: 

·completion error correction cede.. However, the block ·CODlI•.:.et:l.on. 

code g1tnerally takes a relatively long am0unt of time to ck~code 

2 
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tbe .data, and_ mc>re importar:itly, ita error correction ability is · 

be1ieved to be inaut:f.i.cient in the event that multiple erzurs are 

present in a block. Since two error correction code (ECC)' 

. technif•• are used for a ·co-ROH, whareaa _only one ECC tea~nique -

is used· for an audio CD (namely, the CIRC technique), a gr~ater 

am0unt :'.of non-data info;rmation must be recorded on the C;c ... ~·:10M -to 

·10 

effect such er~r correction, and this non-data.information is 

·referred to aa 11redundant• data.· :cnan att .. mPt to improve the 

~rror·c~rrection ability of a CD.;..ROM, the amount of redundancy 

that must be recorded is subl$tantial~1 increased. 
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·Alao, it ta deetirable.to provide a atandardized-optiaal 

_disk w~th th.! add;tional .. capability of· having digital vide'~~ 
. I . . . . 

~ . . . . . 

info~tionrecOJ;:"ded thereon in _a data-compressed fo~t, .auch as 

- MP;li?G..;compressed video.data and compressed.audio data (or PCM 

audio data_) that can be used as a digital video disk (DVD). - BUt 
- - . 

there aur~ently ara_different IC,PEG-compreaaion techniques, or 
. . 

·formats, av:ailableand more maybe developed in the future. It 

_·-_ is d~ffioult .to play back a video p~gram fr0m a DVD if tb:~ MPBG 

format that had been -used to -record- tllat video program is __ not 

- r_eadilf •teZ'Jl,\ined• and thia problem is- compounded if omJ -';>VD 
I . . . . 

has 

rec::or~ _thereon different -V:ideo programs e~ibiting diffe\:ent 

~BG- fQrmats aa well aa different audi~ formats. 

Olhlllam or '8' gysn:miJ. 

The.refor, it is a~objec:t of the present invention to 

provi~·an improved_optical disk having particular use as a DVD 

~~~,~~-~~,..-
• o ~I ' • • I : . •. 

,. 
. i: 

- . 

3 

··--- -----· ... ---· ---··-Rece i ve_d Time--14. Mar. 15: 52 Print Time._--14. Ma:., 16: 29----,--



• 

'95-03-14 16:57 SONY FOREIGN PATENT 
. rn.: Cartis1 llurris I Saffurcl It w IZUJ ll'B'-11.U: 

+81354483063 

·to: llr\ !oshlUtsll Ona at fil IM5818818118l3544115 ~~-· .:_. . I . 

C'iJj-·-· . . - ·. 
oi-·::-t:T !-Jt..0 ,..,EE/\' 1;' . ' 111,:) l) I 

Rf:OJ !J""':.'!'..-. • 
r ~•a -,.c._,l. ... ;,.J 

~·-·. ------­·---· · PA'l'ENT 
450100-3193 

l .or CD-ROM which overcomes the aforenoted -difficulties and 

2 . · ... disadvantages alisociated with CD-ROHS fOJ:: which sim;Llar uaes have 
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been at~am];>ted heretofore. 

Another object of this invention ia to provide an 

' optical disk which e:Khibits a higher. access speed, . therebJ· 
. . . J. . . 

. i>erm:i.tting ·quick accesa .of .arbitr~ry locations, such as sectors, 
. . 

·to be accessed quickly. 

A further·. oJ:>ject ·of this invention is to provide an 

i.mprove.d optical disk having a higher transfer rate than t:l1e 

transfer- rate associated with CD-ROMa heretofore used. 

A further objeet of this invention is to improve:the. 
' 

acceaa~bility of different .-seg11l9nts ot video information, .~uch as 

chapter~i recorded on an optical disk, thereby making it m:Jre 

advant-E11.geoua for oae as a CD•ROM or as a DVD. 

·An additional object ia to pra,,ide an improv~ u~~tical 

. dialt whi~h sto.rea data. with· reduced redundancy. 

still another obj~t _of this invention.is to pro~ide an 

· impro~d ·recording format for an optiaal disk which enhances the! 

abilit~ to identify and access the video infoi:mation recor;~ied 

thereon. 

Another objept of this ·invention ia to provide. ar1 

optical disk ~avirig a substantially improved recording derNity, 

ther~bl~ facilitating use of the disk as a CD-ROM or a DVD~ 

A further'object of thia invention.is to providt? an 

improvfr.d optiaal disk having video and audio data reao.rded in 
.• 

. ~'.lfP.l~i·~·N'I 
: ... "· ·\ .;~ ... 
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· ehapters •. with each chapter be in~ uniqUely identified for (£uick . 
. . .. . . 

ace.ea& . t~reto and with the particular . format of the record.ad· 

data. beJ.ng identi,fied to peDdt compatible data recove:r:y. ··' 

.various other o~jecta.· advantageous and features of the 

present inventiQn will become reacli1y apparent from the enPuing · 

detailf!d desaription. and the .. novel features will be partieularly 

pointed out in the appended claims. 

•!M!Nl1 ·or .sa~p 
. . . 

In .acaordance with this invention,· an optical d~Elic, a 

·method ~nd _appa;ratus for recording that disk and a method ~nd 

·. lilpparat,1a for reading data from that disk are provided. 'l~he disk 

has a diameter of 1ess than 14-C>mm. a thickness of 1. 2mm :t C .,, lmm, 

and a plurality of record track~ exhibiting a track pitah .:~n the 

. ran.ge bGttween 0.646µm .and 1.0SJlnLwith data recorded in thoea 

tracka·aa embossed pita• The tracks are divided into a lell;d-in, 
. . . ·. 

area, a program area and a lead-out are. with .table of oonl~ent 

(TOC) info.rination being rec:orded in at lea.et one TOC track in. the 

lead-in· area and user information recorded in a.plurality cf ·user 

tracks ln the program ~ea.. The .user ·data preferably compJ:.isea 

MPEG-ccmpreaaed video data and comprepsed audio ·data, encoC:.ed. in 

any· one of different MP.BG formats and audio formats (such -&;.a .:PCM 

audio) , and, .. advantageously, each ·track contains ~ chapter of 
. . . . 

user in'!ormat:i.on. · ApPlication table of . contents (ATOC) , 

i.Dformat.ion. ia recorded in the program area to identify va:r;.ous 

parametf;lrs of the ~aptera. of user infomation for accesai:n.'g and . 
' 

~s·~~~~·J·~ . ··· ·· ... • ... 
·. 5 

.. ( 

•,I .-, • . ·. 

· Received Time 14.Mar.15:52 · Print Time --------.. .... - . ·. ··-"·.···~ . -· •. ·-. -· .. 14. Ma~- 16: 29 



• 

'95-03-14 16:59 SONY FOREIGN PATENT 
fral:· Cllrtls. llurris (-' atTorCl it Ill u:u.:1 U'BHU'1' 

+81354483063 T-515 ?-06/45 
v· Ur'~ V31•'llV 1,111 
. ~marm To: llr· laahlM.tsu B11.a at ID IH5818878118135ftll5189 

l 

2 

3 

4 

~ 

6 

7 

B 

9 

10 

11. 

12 

13 .•. 

14 
15 

16 

17. 

18 

. · :i&> 

20 

21 

22 

23 

24 

25 

-t~H'.!~,;~:i'.i''._ ~~~ PATD'l' 
450100-3193 

·using -tha:t inf~z:mation. 'l'he data (TOC, A'rOC and user 

informa~ion.) is encoded in a long distance error c:orrectio~ code 

having ~t 1eaat. eight pa:r:ity. · aymbOls,. the encoded data beiug: 

modulat!S<i and recorded on the disk:. PrE!ferably, the data :i.a 

modtqated as run· length l_imited (RLL) data. 

In the preferred erlabodiment. th~ data ia ~corded. with 

a linear>ciensityin the rangebetween 0.237~mper bit and 0.378,µm. 

. pei-· bit •. 

As one .asp~t of this invention. the ATOC infornu:;~tion 

comprises· fields of chapter data, each field being asaociaf-ed 

· with a '.respective chapter ·and. ·including inforina,tion used te 

identify the location o:f that chapter,·· its name, the diffe;-ent · 

formats of MPBG and aud:j.o_ compression exhibited by the vi~,?o ·and. 

audi~ data recoided .in that chap;ter,•· o11,nd the locations in ·~:.hat · 

cbal)te:c· at which representative video· pictures (useful for quick 

display) a,re recorded~ 

The error correction code used with the present · 

inventi.<>n preferably. ia a long. distance code having "at.le&~t 

eight parity . symbols·. BCC. teQhniques which have been used . 
. ;.• 

.heretofQre .have relied upo.n ao-ca11·ed short· d1atance codes in 

which :a block.·of dat;a · ia. divided: into.·two sub-blocks, each sub-

block tieing associated with a nwuber of parity symbols, such as 4 

. parity aymbols. It is known;. however:, that 4 parity symboJ s may 

· Joe used to correct 4 data symbols, and ·if 4 data symbols in each 

sub-block are e~roneoua. the total number of 8 erroneous ~ta 

-------· _...:......:.Jece i ved Time~ .. 14. Mar. 15: 52 _ __ ,_Print Time __ l4. Ma~ 16:29, ______ _ 
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symbols can be corrected. But, if .one sub-block containa 5 

e~roneo~a data symbols., whereas the ·other sub-block contai~a · .3 

erroneous data.symbols, ·use of.the abort 4is:t;ance code may be 
i 

effecti.Ve to correct oniy 4 data symbols in the one sub-block, 

: thus ·permitting a total. error co~rection of 1 data symbol a. But, 

: .·in the long diatanc:e code, . the.· block of data is not sub-divided.1 

and as a ;raault, all 8 erroneous data a::;T"1;Qla, if preaent: in :the 

.long .distance coded ·.data,. can be corrected. 

As another feature, the lUrL coc;ie that is used· 
. ' 

·preferably converts 8 bits of! input data ;nto 16 bits of .data for 

reQorcU.ng (referred to as. u; channel bi~s) with no margin bits 

. pz;ovid,ed between successive. ·16-b:i.t aymbe>ls. In RLL codes tt.aed 

•. heietotoJ:e, 8 data bits are converted into 14 channel bits and 

· t.hree mar~in bits are inserted between auccE!!asive 14-bit ·symbols. 

Thus, tbe pi;eaent. invention .achieves· a reduction in redu_ncit.ncy •. 

IUIP DllGl.IPIZOll·Or IBI PPMI-
' ' 

The following detailed description, given bf way,:·of 

··exam.pl~; and. not i·ntended to limit the present. invention aolel.y. 

.thereto;) ·will best understood in ·ce>njunction with the 

.· accanpa~ying drawings in· whi~h: 

J?ig.. l is a block diagram of the preferred technique. by 

which optical disks are·mad~ in accordance.with the present 

· imrention• · 

Fig. 2 is a block diagram of apparatus incorporat~ed in 

the ·preflent invention for. reproducing data from the optic~~·. disk 

o• o ... o H I I 1 I 

7· 
-------------· 
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that has.been made.in.aceordance wi~h the technique &h°"11 in Fig 

lJ· 

Fig. · 3 is a sah~tic . representation of. the recording · 

. areas for the disk made by the tec}l.nique shown in Fig. 1 J . . . . 

Fig~. 4A and 4B are schematic repre-.entations sbc~ng 

the recording areas.of Fig. 3 i.n greater detail; 

.:ri9. 5 is a schematic· rei;>reaentation of another format 

of the .~ording area•• 
-··· 

· J"ig •. 6 · ia a schematic . representation of still aneither . 

.format 9f the recording areas1 

.Fig. 7 is a>ach-.at:i.c representation of yet another 

format of. t~ recording a.reasJ 

Pig. 8 is. a tabular representatio~ of a portion of· the· 

· information recorded in the 'l'OC region of the diskJ 

Fig. g is a tabular representation of another po:r:tion 

of the data recorded in the. 'l'OC revionp 

Figs •. lOA and lOB are schematic representation• c:.;f a 

sector 4>f data recorded on the disk• 

Figs. 11~11E are tabular representation., of different 

·. types o-f aubcode data that· may. be recorded in a sector• 
. . 

. Fig. 12 ia a· .tabular representation. of copyright data · 

that ma:;1 · be recorded aa subcode information. in a sector• 

Fig. 13 is a tabular representation of applicatiPn.J:D 

·· · informa·tion that may_ be recorded as the suba.~ infoZ"matio.~~ . in a 

sector;. 

a 
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Fig. 14 is a tabular representation of time-code ,,.data 

.. that ma:y be recorded as .the .subaode in:l:OJ:lllation in a aec:to:.~r 
. . ·! 

Fig. 15 ia a tabu1ar representation of picture-type 

data t:tat may.berec~r~ as the aubcode information :i.Ji a-sector; 

Fig. 16 is a tabular representation of ECC type data 

that mn.y be .i.ncl.uded. in the TOC information recorded in thifi TOC 

regionP; 

Fig. 17 is a schematic representation of one.fra~ of 
. . . . . . ?" 

error Oorrection. encoded data, identified as a Cl code WC•~dF 
. . .. ·. . ... . . . . . . 

. ·~ . F;i.g. 18 :i,.s a schematic represent_ation of the lonr1 

distance· error correctic>n code format used with the present. 

invention: 

·Fie;. 19 is a acheinat;i.c representation of a ahc:;>rt ·•·· · 

distance error correction code fo~a.:t that could be used with the 

pa.sen.;;; inventi~n; 

·. Fig. 20 . is . a schematic: .representation of the ae¢1ent:i.al 

... · order of' rea~rangeci d11ta symbols after those symbols have been 
·. i . . 

played'baak ·f·rom the disk;· 

Fig. 21 is. a aohemat,ic rtepresentation of a aecti::ir of 

. data that has been .error correction encoded• 

Fig. 22 :is a echE!rnatic representation of a block code 

of error correction encoded· data in the ·long distance forn·at' 

Fig. 23 is a aohematic representation of a block code 
. ( 

of err~r aorreation encoded data in the short. distance ft~imat 1 

~. 

9. 
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Fig. 24 is a schematic representation of a string of 
' ' 

48ta symbols exhibiting EFM modulation; 

Fig. 2~ is a flowchart explaining how :aaargin bit• are 

. selected in the EFH modulated data shown in ·Fig. 2411 

l'ig. 26 is a ·block diagram of an El'M modulator t~at can 

·t;>e used to produce the data 11tring shown in.Fig. 24;· 

Fig. 27 is a schematic representation of a frame of EFM 

modula~ed clata1 

Pig. 28 is a table.which explains how m.argin bita are 

. selectF.ld/ inhibited when forming the · string of EPH data sho'~fn in 

Pig. 24; 

l'iga. 2·9A-29D are· explanato;cy wavefo:naa which. a~;;! 

·U!Beful. .in understanding how.margin bits are seleatedf . 

. Fig. 30 ·is .a bl~k diagram of a modulator that 1r.i!.y. be 

used with 1;he pre~ent invention• 

:: Fig. 3i .is a block diagram of.a demodulator tha~ may be 

. used w:i.th the. present inventionJ 
' ' ' 

Fig. 32 ia a block diagram of apparatus ·which may be 

used to supply data for the recording technique shown in F:i~g. 1 J 

Fig. 33 .is a block diagram of data recovery appa.ratus 

.that may be used with the playback appax-atus ahOW-n in l'ig.. 21 

Fig. 34 is a schamatie representation of a foxnust of . 
the rec.oraing areas showing· use of the opt~al disk as a r'i\?D and 

also ·as a CD-ROH, with iiser data being recorded as · chapte:rs of, 

for axrmpla. video programs, and with application table of'· 
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contenta (ATOC) .data related to those chapters being recorded. in 

the program area of the diskJ 

:rrig. 35 is a tabular representation.of ATOC in'fo~t:ion 

reaor&d·in an application Toe.region in the program area "f the 

disk• 

Fig 36. is a tabular.representation of the "diao 

infpZ111a.tion• shown in Fig. 351 

Fig• 37 i• a tabular ·.representation of the •abapi:er 

infornmt:ion" shown in Fig. 3SiF 

· Fig. 38 ia a tabular representation of the 0 name field• 

shown. ~,n Fig. 35• 

Fig. 39 i~ a tab~lar representation of the •pool of . 

st.ream parameters• shown in i'ig. 35 J 

Fig. 40 is a tabul,ar representation of the •pool of 

entxy,roi.-it information• shown in Fig.· 351 

Fig. 41 is a tabular .representation of: each atre,Ul 

paramet.er field included in the pool of atream paramet.ers ahown 

in Pig· . 39J 

Pig. 42 is a tabular representation of each entJ.:7 point 

field ;f.ncluded in the Pool o.f entzy point: information shou:i in 

Fig. 40J 
. . . 

Fig. 43·ia a tabular representation of the atre4JU type 

~ata that may be ·,recorded in eaoh stream pa:r:ameter field a:1own in. 

Fig. 411 and 

11 
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Pig. 44 is a-tabular representation of the chapter 

aateg~:i:y d•ta that .-o.ay be recorded in the chapter infoz:mation 

field mhown in Fig. 37. 

The present invention reco~s different types c.i.t: data 

on an .·optiaal disk, preferably for use as a CD-ROM but al~~o 

adapt~ for uae as a digital video disk (DVD). Such data may be 

file d.ata or application data to be 1.ised by a computer, o>· it. may 

comprilM! vide.o da~a ·which· sometimes is referred to· hereir., aa 

motior.i picture data which ine!udes .-image infoz:mation and nudio 

info:rmO\tion and which preferably is eompreaaad in accorda.-noe with 
. . . . 

. the various conventional. video data· compreaaion standards,. or 

format1=1 suet>. as thoae'_knewn MPJ:G•l, MPEG-2, or wheJi still video 

pictu.z·.,ns are recorded, JPEG. :It will ce app:z:eciated, the.x-efore, 

~hat the information on the.disk admits of •multimedia• 

applications. 

Before describing. the technique-used to record data on 

the optical disk, a brief .des~ription is provided of the ~isk 

·itself. The physical parameters of the .optical disk used with 

the present . invention are quite similar to the conventioruil . audio 
. . 

CD.I· and for this .reason,. a drawing figure· o'I! the disk is not 

provi~. Nevertheless, it: will be appreciated that the cli.ameter 

of the·· disk is 14 Omm or. leas, prefera.bly 120mm or 135mm.. :')ata is 

.. record~:!d .in tracks, and will ·be describec:i in greater detail, 

having a track pitch in the range bett(een o. 646µm and 1.0t·µm, and 

12 
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prefe:i:·ably in the range of O. 7 to 0. 9µm. . Like audio CD data, the 

data r:·~corded on the optical disk is in the· form of embo1u1ed pita 

having a linear density in .the range between 0.237µm per hit.and 

0.387Jm\ per bit, although this range couid be in the ra,ngr.~ of 

0.3µril to 0.4pm per bit• Dat~ is reco~ded in that portion of the 

. disk· n
1
aving a radius from 20mm to 65mm. · 'l'he disk_, whose ·:' 

thickness i• 1·.2lnlll t o.lmm, is intended to be qriven for a 

playbadlt ·operation sw:h that . :Lta linear velocity . ia in the ·range . 

of 3.3ni ·to 5.3m per second.·· 

As .. a. 'raault : of th~· li~ear denai:ty and track pitCh of 

the. disk;. information is _opticaily read frcD the disk by 1:1 pick­

up head w.nich projects a l.ight beam of wav.length >. 'throu~-h a 
_lena h~ving a ·numerical. aperture ltTA such that the project(fd ·beam 

exhibi"J;s a spatial _frequency i, where J .= _A/(21'A). The light 

sou~e for the optical_pick-up preferably is a laa•r be.am whose· 
. . . . . . ~ 

wave l~ngth_ is >. = 63?nm.. this laser beam being projected through 

· a lens whose numerieal· aperture is NA = 0. 52. reaul ting in the 

apatia.l trequency . .! . = '.61inm. 

Typical examples of the physical parameters associated 

with the optical disk are as fo~lawing1 

Diak diameter,=·120mm~ 

Pr.ogram area I:: 23mm to-58mm. 

TraaJc pitch. = 0.84J118• 

Linear d•naity = 0.307Jnn. 

This · i:t:.~aults in a da1:a storage. capacity of 4 .4Gbytea. · 

&095 .• IWl/ll!JJ.JPP 13 

111i1fii1ilf 1nr 
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one proposed structure for recording data on the 

2 optl:-oaidisk is known· as 'the B:&'M Plue fr .... (DM refE:!rs t<> eight-

3 .to-fo"rtee:n modul4tio~) • . An EVK. Plus. frame ia formed of. Q5 data 

4 symbols (each symbol• is a 16-bit representation of an 8-b:i.t 

5. byte) .P.lua"two •ynchroniaing aymbola thus consisting of 87 1.6-l:)it 
. . . 

6 .11ymbo.i,a. one sector is comprised of· 14 x 2 B:&'M plus ·frames:,. 

7 But, the amour¢ of user information that ·is pre~ent ina aeotor, 

8 

9 

that is, the amount of information whiah containa useful data and 

thua excludes ·sector header info.xmation,·error detection code 

10 (EPC) information,. et cetera, is 2048 symbols. Accordingly~ the 

11 

12 

effic:i.E!Dcy <?f. the EFM Plua .format may be calculated as1 .... 

.( '1048 x 16)/(87 :K lCS :.c: 14 x 2) = 0.8407. 
' 13 · That i;,a,. the. eff~cienay of the EFM Plus format is approxi~taly 

-~ . 
~ 
! 14 84%, which means that 841 of a11· of the data that is recorded in · 

I 

l 
I 

·1!5 

16 
.. 

17 

18 

19 

20 

21 

22 · .. 

23 

24 

25 

a aectbr is useful data. Therefore, if the atorage capacity of 

·the oi;•tical disk .is .4.4 Gbytes,. as mentioned above, the anount of 

.. user data that aari be· stored on the disk ia B•i x 4. 4 Gbytes = 

3.7Gbytea. 

Of' course, if the track pitch ia varied and/or if the 

linear.density of the embossed pits is varied, the storag~ 

capacity o:f the disk likewise is· varied •. · For example, i:r the 

track pitch is on the order of abo~t, .646µm., the atoraqe ~~paaity 

of the diak may be on the order of about 6.8Gbytea, where.9;s if 
the tr.ack pitch ia on the order of about 1.05,r.an, the storage 

aapaci·;.;;f ia on the order of about 4.2Gbytea. As a practical 

~··•f.i: ;,,.,, 
•.:~ • : ;.::·~ '.\ ~ •'~•I • .' 

. 'I I 
~ . 
·' I 1' ' I I • 
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matter, ho~er, the spatial frequen_cy of the pick-up beam.· 

detend.nea tha minimum track pitch and minim.um l?,.near denfllity 

becau~e it ia d•airable that the track pitch be no leas than the 

apatiel freqaenay of the pick-up beam and the linear density be 

no lee(a than one-half the spatial tn.iquency of the pick-•:•p beam • 
. . 

When cmupared, to the ~udio CD, the l.inear densit.y .of . . 

the re,c.'Orded data. of the optical disk used· in the present 

invent ion ia approximately 1 .. 1 · timea the ·linear density of: the. 

·· audio CD and the recording aap.aaity of the op1;ical disk \If.Jed with 

the pr~s.ent invention · ia approximatel1 5. 5 times the recoJt.ding 

capacity of the audio cp. The optical disk: of the preaen1; 

inVent:i-.. on ia driven to exhibit a linear velocity of appro~imately 

·. four t~a the linear velocity. of the audio CD and the d1aht 

tranafrr rate of. ~he optical disk of. the present inventio.r;.. is 

appro2:~.maj:el7 9 ·Mbps~ which. ia about. six times the data t;ransfer 

rate of· the audio co. 

With t.he foregoing in mind, reference is made to Fig. 1 

which i:s a bloc]t d~gram of the t~hnique used to make an optical 

· disk of the type that has just been deec::w:ibed. ·~ input t·,exminal · 

121 ·i.s ·a:upplied with user data to be recorded, this data ~:Sing 
. : . 

·formed :of., for exampie, multiplexed video and audio infonu.tion, 

t;i.tle ciata ana subi-infoimation such as. but not limited tu •. 

eomputf~r tiles,.· eharacter· data,. graphic i?ifoxmation, et cnn:era • 

· The data supplied to input terminal 12.1 is p~uced by ·the 

apparatus Bhown in Fig. 32 .and will be des.cribed below:• 

ilii1ii1i11r 
. .,, 
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The user data is coupled to a change-over switch 124 

which -t.lso ia adaptE1d to :r:e~eive table of content (TOC) · 

information·· supplied to thE! ·switch from an input terminal 122 via 

a TOC enaoder 125. The TOC info:r;mation identifies va.rio'1~---,· 

parameters of the.ditsk whiah·are.us-1 for acCQrate reproduction 

of the:i user infoDDation recorded thereon• and· the TOC infoL111.ation 
. . 

· also includes data related to th~ user information per ae .9 such 
. . 

· ·as information that is helpful in rapidly aaceaaing the uuar .. . 

infon.ation recorded in particular tra<Jks. · The at:ructure. of the 

TOC·information ia described below. 

SWi.tch 124 selectivE!ly.couples uaar data suppli~ at 

input i;eDlinal 121 a~ encoded 'l'OC data supplied at input 

termi~l 122 to an error detection code (EPC) adder 127. As will 
. . . ~ . . . 

be described, 'l'OC infomation is i:ecorded on-one portion of: the 

disk .ard user data is· ~orded on another portionJ -and awi;~;ah 124 

ael.eets either the 'l'OC ~nf'o_;cmation or the user data at. th• 

app~priate times •. As will be. described below in C(;)njunct:i.on 

with,· for example, Fig. 21, the error detection code is added at 

.the end of a sector of user data or !rOC infozmationJ aDd adder 

127 ser1i'ea to produ_ce the error detection code after a seotor of 

data haa been received and then adda the error detection ex.de to 

the end of the aector of data. In the preferred embodiment-,- a 

aect<>r is com.prised of .2048. bita of usefui data, plus pari-:t":i' · 

bytes, plus sector heade~d~ta, plus.a number of "reae.r:ved• 

bytes. plu,a the gee code~ . 

16 
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A a~ctor header adder 128 ia ad8pted to add a s~;(:tor 

b«iadez· to each sector of user information supplied theret~ by way 

of J:DC adder. 127. AB will be described below in conjunction with 
. . J 

Fig •. 1(),; a sector header includes a synchi-onizing patterr. and 
. ,: 

inforina,tion.useful to .rapidly. identify access the sector. su<:h 

information,. particularly in sectors ·containing uaer data • 

includes. subcode information which ia coupled to the sector 

header adder. by way of a sector header encoder 129.,. the la·tter 

.operating to encode · aulx:ode ·· infQrmation supplied thereto . >::::f way 

· of input teminal 123. such aubcode ·information is genera·ted by 

···a suitable aou_re.e and.,. as will be deacr~d further below .in 

conju~tion .with Fig.· ·11,. is used to provide h~lpful identj;fying_ 

and. aon,t:rol information· related to .. the user data that· is %~corded 
on the disk. For ~ple, tbe s\ibaode information identif'.·lea the 

t:rack r:.umber in which the sector which contains · this subc:IC--:te 

information is· reQC>rded,, oopyright_management information which 

. determines .whether. the data reproduced from the disk, . such .'Is 

video data, may be.copied, applicati~n ID information which 

. designa?;es the. particular u_.er-appl~ation for the data re<:!<>rded 
' 

. in the ~eator, time. code data which repreae~ts time informe.tion 

at whioh the user data. is reco~d. and ~nfoz:mation relating ·to 

video pictures tllat may be .recorded on the disk, such as. the· 
. . . 

distano;i; or separation,· between a video picture recorded in ·this 

sector and the_next-foliowing an~ the.next-praaedl,.ng video 

_•picture~. A system oontroller 110 oontrola aeotor header etieoder 

~,~1~1-~:~ . . . .. · . 
17 
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129 to make certain that the proper subcode information and other 

s-=tor heade.r infoz:mation. (as shown in Fig. 10) is. placed 1n the 

proper.data location ·for proper recording ;n a user traak .. 

User data, :Lncl.ading the sector .. header added thc;,reto by 

nason' of' sector be.ader adder. 128, is a.ubjec:ted to error 

·. c~rreotion enaoding- ca.i'.ri~ out by an Ecc circuit 132 in 
. . 

. eombinntion with a memo;ry .131 and ··: memory control 'seetion 133, 

tke. lai:;:ter be_ing control!~. by liya·tem. controller 110. An example 

of ECC encoding that may be used.with the present invantion, 

· s~jeci; .to modifiaation so as to be applicable to the data 

r~ordf:id on the optical data, ia deacribed in United Stat,~ 

Reissue ~atent Re 31, 666. In one embodiment of the preae11t; .. 

irJ,venti,,n, the ECC enoodiiig produced by circuit 132 is 

aQnvolntion coding and is described in .greater detail belc,~n in 

conjunc~tion with Fig •. 17. :rt is sufficient :for an understanding 

of· Fig,, .. l simply tp point out. that the ECC encoding aasemti:Eta a 

. :f.wme c:rf data byte~ or symbols, referred to a• a C2 code t«')rd 

fo.z:med of, .f'or example, 116 bytea·or aymbola, and generateP C2 
- . .. . . . . 

pa&'ity,oytea aa a function or a respective data byte or •yr~l in 

a predetermined number:of C2 code words. For·azamples if the 

data by"-.;e• or aymbOls in each C2 · code. word exhibit the aeq,t.:\tence 

1, 2 ...... • 116, a. c2 parity byte, or ·aY11Lhol, may be· produf;o:ed. by 

aoml:)i.ni'l.g byte 1 from C2 code ~word. ·C21 and byte 2 from C22• 

· An9ther C2 parity byte may be produced by aombining the third 

byte of C2 code word C23 and the fourth· byte of C24 •. :In this 

SDl5.HIR/.911~.API 18 
r 
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manner., the.C2 ·parity bytes are generated by a eroas•intexl.eave 

tecihn5.que1 .and as an example., 12 such C2 parity bytes are added 

to the c2 code·word.~1 ,·even though such C2 parity by.tea rela~e 

to ~ata bytes included in other C2 words. 'l'hen, Cl parit:r"··bytea 

11re generated for· the .c2 word (such aa c21.> to· Which has .been 
. . . . . 

added the C2 pari:ty bytes, resulting :Ln what is refer:r~ herein 
.. 

as a . Cl code word (such . aa Cl1 ) • ·The x:esul tant Cl code wo.~·d, 

consisting of .116 data by.tea, plus 12 c2 parity bytes, plua 8 C1 

parity bytes ia stO~d,ilJ lllemOry.131. 

·.'!he sequential order of the data bytes in the Cl. code 

W9rda .stored in memozy 131 ia rearranged by, for example,. 

delaying the odd bytes so as to.form an odd group of data bytes 

and an even gro\lp of .data bytes. · since eaeh group .<:Qnaist«: of : .· . . . . . . . 
. . · . 

·.only on19-ba.lf of the da~il bytes .:iric:J.uded in the. Cl code wo'!!'d. an 

C?dd. grc~up of data bytes 9f one C1 code word :i.a combined wi·:;h an 

·. even gro'Qp of data bytes of· the next-f~llowing ci code word, thus 

f'orming a di•arranged order of bytes. This disarranged order 

improve& the.burst error immunity of the :&:cc encoded data. 'l'he 
. : . 

die arranged order of the ECC-encoded byt~~ is . supplied from ·· 

. memory 131 to a modulator ·140 which. prefe~ably, carries cut a­

to'."'"'16 modulation, although 8-to-14 (EFM) modulation could be 

ua~d. if desired. 

Memory controller 133 supplies to memory 131 the 

· neceaaar.y read· and writ• adQressea to enable the generation of 

the c2 parity bytes in cro~a-interleaved form and also to 

lS) 

Received Time .14. Mar. 15:52 · Print Time 14.Mar.16:28 
----.·--



'95-03-14 17:09 SONY FOREIGN PATENT 
lral: Curtis, lmTis I S.ffDN at Iii czt2) IHH?12 

+81354483063 

r.w llf. lllshikl'bii ... DID at ii IM581887t118lHB5785 

1 

2 

3 

4 

5 

C5 

7. 

8 

g 

10. 

11 

12" 

·13 .. 

• 14. 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

PATIUf'l' 
450100-3193 

rearra~ge the sequential order of the data.by~s into the 

aforeJl!&ntioned disarranged order. 

:Cn the prefeµed embodiment of the ECC encoding 

tec:hnfque, a long distance code, also known as the L formr,t, .ia 

\iae. The L fo.r;mat result a in· Cl . aode ·words that .·are arranged aa 

·shown in l'ig •. 18, deacribed ·further. below. :Cf desired, the ECC­

encoded -data may exhibit a· short distance cocie or. S fonnat:,, ·.such 

aa ~a depicted in· Fig. 19, ·described below •. · Depending upC'-n 

Whether ,the L foJ:11lat or the ·s format is ael,ected, system , 

aontroller 110 control• memory controller 113 auch that the read 
~· . 
i, • 

. and write operations .of memo.cy ·131 pe:rmit th~ ciata bytes t'o be 

ECC encoded in either the L. fo.r:mat·. or the.-~ format. 

Modulator. 140 ·serves.· to conve.z:ta 8;.,bit bytes sup9lied 

theretc;\ ~rom memory. 131 ·into 16-bit. a~la. Each symbol .is rlin 

length limited (~LL) , aa will be described,.. It will be . 

apprecif!ted that, ~ generating Hi-bit e:rmb9ls. ·the accwuu:iwated 

dig:ita~ sum value :(DSV), which ·is a function of' the run l.e:11gth of 
!: 

the .digital eigna1, that is, the number of consecutive Oa ¢lr. the 

number of consecutive ls,. is limited to pe:cnit· the DC component 

w:hiah :i.m produced as a function of such con•ecutj.ve Oe or ~;.;a, to 
. . . 

remain .o.t or cleia.e to O •' 1'Y suppressing t~. DC., or lower 
. . 

frequency component of the digi:tal signal that is recorded. 

.errors that othe%'Wiae would be present when that digital a'i .. gnal 

.ia reproduced are·minimized. 

. ..~ .-.1•~·~·8" 
:'. : . . . \ : .. ... .: .. : ~ 

20 

.... · 
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Modulator 140 thua produces a·recording signal ,which is 

coupled-to cutting apparatus 150. This apparatusis used to make 

. an original. disk fro• ·which. one or lllOre mother disks may be .. 

produr1ed and from which copies ·1'l&Y be stampad for diatrib·;:iti.on to · 

end uuera •. Th,_t i.-, such· atam.~d disks constitute the a> R()Me. 

J:n one embodiment, the cutting apparatus ine1ud~a an 

electro'."'optical moqulator 151 which relies.upon the ao-called 

PocleeJ.o ettect to -moctuJ.ate a l.ight .beam th&1: is used to "'..'!ut• · an 

original diek. This original dia~ ia uaed by a mastering 

apparatus 160 to produce a master of the.original disk. The 

mastez.-':t.ng app&r•t_us relies upon· conventic;>nal. techniquE!•·· toJuch as 

. develcpnent and· vacuum depo_aition, to produce a plurality t')f 

mot~ex· disks. Such.mother dis~s are.used· in stampers which 

. ejecti.:.:in mold. copies that aUbsequent1y are packaged and. 

distrimited~ Blocks. 171 and 172 in Fig. 1 are intended t.::. 

represent the injection molding_ arid packaging· apparatus in. 

· manuf a~!'\:Uring auch diaka. The c()Jllpleted d.iak is depicteC. rus disk 

. 100. 

The_technique used to :reproduce the information· 

record.r.td on optical diak 100· now will be de~cribed in conj'J.nction 

with the block diagram ah.own in Fig •. 2 •. Here, the disk is 

optically read by an opticai pickup 212 wh-ich projects a light 

beam. ruch aa a laser beam having the spati~l frequency l=.,\./2na, 

this bi:i.am being . reflected from· the disk and det~ted by a 

convent:!ional pickup detector. · The detector aonverta the 

21. 
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ref l~ted light beam to a corresponding electrical ai~Dfll which 

ia sur,1plied from pickup 212 to a wawform equali•er 213 &nd 

th~nc~ to a phaee locked loop clock reproducing circuit ~14 and . . . . . . . . 

to a t.!emodulator 215 •. 'l'ranaitiona in the recovered electri.cal 

sig~.l are . uaed to synchronize . the phase locked loop to extract: 

the:ce:E.r911L the clock · aignai which was. us~ to reeord data on the 

diek. Theextracted clock is coupled to demodulator ~15wh.ich 

perfol:ms RLL demodulation that is described in greater detail 

below ~in conjunction with Fig •. Sl.' S~ffice it to say tha·~: if 
. . . 

data i~s rec:iorded on di.ak 100 aa 16-bit symbols. demodul.at:,~r 215 . . 

. deinod\'!.J.atee each 16-bit. aymbol to .. an. 8-bit symbol or a by.:t;e. · 

The. demodulated data ·reproduced from disk .100 i.::i 

suppl:i"~1d to a ring buf fe.r 217. 'l'he .clock signal. extracted by 

phase J.ocked loop clock reproducing circuit 214 also is supplied 

. to tile: ring· buffer to pezmi t the •cloc)ting in" of. the demcdulated . 

data. The demodalateddata also is aU.pplied .from demodul~\;or 215 

to a s•ator 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 

aircui·~ 216 which functions to correct error&. that may be ;;>resent 

· ·· in the data stored in the ring };)uffer. J'or example. when. data is . 

· recorctSd in. the long ·distance code_ formed of. for example. Cl 

code words, each comprised o£.13C5 symbols including 116 •~ls 

.·. reprea•nting data (i.e. c~ (iata.)-~ 12 symbols· representing c2 ·· 
\ 

parity ,and 8 symbol• rea~eaenting Cl parity,. error correct~ng 

'•. 
•' •' 
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1 circuit 216 first uaea tha Cl parity aymbola to correct errore 

2 that .~ be present in the Cl word. A corrected Cl word ia 

· 3 ·.rewritten into ring buffer .217P and then the error .correcting 

4 circuit use.a the C2 parity a~la for further error corr.~ction. 

5 · 'l'hoae data symbols which are subjected to .further error 

· 6 cor.J;"ection are rewritten ini:9 the.· ring buffer aa corrected· data. 

·. 7 · .Re:fen";nce is. made to ~forementioned. Reiaaue Patent RE 31, 666 for 

8 · an example of error correction·. 

g :tn the.event that an error in the sector header is 

lo sensed>., error. correc:tin~ circuit 21f5 uses the Cl parity llymbols 
. . 

11 to eoxi:ect the se~tor header, and the·conected sector he.;tder is . . . . . .. 

12 rewrit.ten into a eector header detector 2~1. Advantageoaaly. the 

13. · C2 pa:r·i,ty symbols need not be. uaed for sector header erre::· · 

14 

15 

coz:rection. 

.As mentioned· above,. the input data aymbola aupp;L:l.ed 
. . 

16 .four error correction encoding· exhibit: a giv.:n sequence·,. t~ut the 

17 error corr~ctio~ encoded. aymbola. are rear:r;anged :l.n a diffei·ent . 

18 .·· seq~ence for recording. :In one arrangement. the odd and e·,ren 

19 aymbola are separated and the odd symbols of a .. Cl code wo:cd ··are 

20 ~ecordad·in an Odd ~roup while the even symbols of that C1 code 

21 · word a:r:e recorded in an even group. Alternatively. odd an1j even 

22 s~l~ of different Cl code word• may be grouped together. for 

. 23. record:~ng. Still further, other sequential arrangements m.<Ay· be . 

24 used to record the data. During playback,. ~r~r aorrecting 

25 . cirouitl 216 and ring buffer a17 ooo~r•t• to return th• reoovazied 

23 
... , ..... . . 
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1 ···•ta ."ymbQle to their ~riginal• given ••quenc:e. That ia, the 

2 

3 

4 

5. 

.6 
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9. 
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l' 
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18 

19 

20 
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'22 .··· 
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24 

·2s 

_data aymbola may be. "thought of as being. ~corded in a disarranged 

order :a_nd the combination of the error correcting circuit and. 

ring buffer opera~ to rearrange the orde~ of the symbols in a Cl 

codewo.E'd to its.properly arranged sequence. 

Brz:or co.rrected ·data .stored in ring buffer 217 is 
coupled to error detecting cirauit-22.2_ w)'lich uses the EDCbita 

added ·:to the recorded data by EDC adder 127 (Fig. _1) to c:Wtect_ an 
. ' 

uncor.teatable error.·. . .In the eve_nt that data cannot be co:r.rec::ted, 

BDC detector 222 provide• a _suitable indication, such as . u1 error 

flag i-.n a particular u.ncorrect.able byt&t or an error fla9 in an 

uncior.reetable Cl ~e word. and tbe error corrected data, ~i.ther 

with c~r without such error flags. as tha case may be, .is q-~upl~ 

to output terminal 224. 

In addition, TOC information that ia recove~ed i~ 

disk 1.00, after ·being error correc=t.ed bY error correcting c:ircuit 

216 ari.:t error detected by EDC deteqtor 222, is coupled tf.\ a -roe 

memory 223 for use i~ controlling a data playback.operation and 
. . 

. ·. • I 9 • 

for pe.cm1tt1ng rap1d acoeaa to user data. ~he TOC infozmc;otion 

stox:ed . in memory 22.3 ~ as well aa sector information separ.li• ted · 

from t{ke reproduced dai:a by sector header detector 221 arct 
. . . 

. coupled to a syatem- controller 230. T~e system controller 

respo~s· to user-generated instructions supplied thereto t.y a 

user i:~1terface 231 to control disk .drive 225 so as to acce:e;s· 

desire~I tracks · and desired sectors in thoae tracks• there~ 

~~lfP/~!=·~~·' ' •' • p• ' ' 'I •P'1 ~. •.i ' :-,· '.• •"' 

24 .,. 
' . ': 
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reproducing user data requested by the. user. For example. the 

'l'OC information.stored in TOC memory .2~3 may inc1ude data 

:r;epreiaenting the.location of ·the beginning-of each track:f. and 

syste1'l ·controller 230 responds to a user-generated ;requen·t to 

access a particular track to control disk drive 225.such that the 

requeated track ia~located and accessed. Particular ·identifying 
. . 

informa,tion ~epre~nting the data . in the accessed traok 1IL,iy be · 

·· .· recovered al'.'d suppl.i.ed to system controller. 230 by aeotor header 

detect:or 221 so th~t rapid access to such data may· be ach:teved. 

A further description of the.Toe information. and sector 

inforr ... i,ation useful for controlling the disk dri~ in th~ ianner 

bro-.d::.y mentioned above is discussed in greater detail .bE:~:Low. 

It will be appreaiated from· the ensuing discuaf;ion of· 

Figa. 10 •nd 21. that secto:r header information that is re.c.iovered 

. fr.om the disk maY be error corrected by using the Cl pari·<:y 

· · symbol.a included in the same Cl code word aa the sector l'i•a.ader. 

~here is a high probability that any.errors that may be pY.rasent 

in the se~tor header.can be corrected by using the Cl pari.ty 

symbol~ .. onl~. ·Since a ·Cl code- word containe c2 parity ayi;hola 

. that a.x·e . generated from the data symbols included in diffr2rent Cl 

code w::irda. sector info:nnation is quickly detected quickll? by not 

waitin~. for- all of the C2 parity symbols to be assembled t'efore 

cor~at.:ing the sector header •. Thus, position infoxmation·-:;,f a . . 

24 sector, which ia included in the sector header as a seoto.r,· .... ----· ' .. . . ..... . .. ... .... .. .. . .. . . . .. · .. •.•. ...... .. .. ......... . .. . . . -···--- --··- --·- -2!:> add.res.'f.,. ia detected, thus facilitating rapid acaeaa to a t\esired 

,·· . 
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sector. Thia is to be compared with a conventional cn-ROI:t · 

whe.r:e:.n eec:tor header infoz:mation is interleaved in several Cl. 

code words. thus .requiring the recovery andt!rror correction of· 

allot· those Cl code words before the sector header data.~an be· 

· aesem!:·led and inte.r:preted. 

:Fig 3 ia a achematic representation of· the mann•r in 

which the recording surface of ·disk 100 is divided into suparate· 

areas. referred to as the lead-.in area. the ·program area and the· 

l.ead~out area.· ·Fig •. 3·also.identifiea the lead sector addresses 

of the-program. araa·and the. lead-out area. In the ill.uatrated 

embodi~nt. the sectors included in the lead-in area e:xhi.hit 

negatiV& sector addre.ssea ending with tne sector address =.;.;;1 

·which. in he:a:adecima,i.notation is OxPPl'l'FF •. 'l'he sector address 
. . 

of the first seQtor in. the program area is identified as i.i>,ddress · 

O. Aa. indicated, th~ length or duration ot: .. the program area i•. 

dependent upgn the amount of data recorded therein and., th.us. the: 

address of the last. sector recorded in the· program area ia 

variable. :rt;,. is a:PP:r:e_ciated. therefore., that the first ae:ctor 

address of.the lead-out area ia variable and is dependent upan 

the length of the program· area. 

Ona •mbociiment of the diak configuration shown broadly 

in Pig~ ~ ia schematically ~lluatrated in Figs. 4A and 4B.. Here. 

the i;roc: region, wh~h ia comprised of one or more TOC · trac·ks. is 

disposed in the lead-in area_and.TOC information. ia recorded in 

sectors identified as •32 to -1 (Pig. 4A). '.rheae 32 sectors of 
fO Io 

.2~ 

.· 
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TOC infozmation occupy a.fiZed position, auah aa a aingle:-roc 

track,· in the lead-in.area •. :tn Fig. 4B duplicate Toe regions are . . . . . 

dispesed in the lead-in. areil• together with other. data th.<lt may 

be used for different ~urposes. The prc>gram area shown in Figs. 

4A and 4B ia aompriaed_of N·tr~ka, where ll1 is variable. 'l'he 

seato~ _address . of the . fir•t .. track of the program area is 

identified as address .. 0.J and the total n~r of tracks i~-=luded 
. -~ ·.· 

in the program area is dependent upon the am.aunt of infor,ta.ation 

· .stored on the di41k, and ai~ce the. number . of sectors inaluried in 

each track likewise is· variable, the sector addresses of ·;:he lead 

aecto.re of traok11·2, 3, ··~•·are variable. Of course, the 1ead-

out az:"ila comm~ncea after the Rth tr•ck ia recorded. 

In one embodiment, the data recorded on a given.disk 

may admit of different applications. However, it ia preft:)rn!d 

that &l1 of the data recorded _in a respective track admit of the 

same application •. 
. . .· 
· Fig. S il~u•tratea another disk configuration wherein 

Toe· information ia.recorded in the lead-in area from, for . . . . 

example, aector.-32to sector ""!-1,. aa ~as t~ .case in Fig. 4, and 

a copy of the'!OC information ia ·rt1corded in th• program area. 

· In the example ·shown in-Fig. 5, .the copy of the TOC info~\f·ation 

i• ·rec~>rded in at least one track whose lead sector ia, ft::::r 
·, 

exampl4,. aector-number 1024. Sinae the size of the TOC r~gion is 

fixed .st 32 sector.,, aa wi~l be described, the last aecto.t· of the 

. copied 'l'OC region ia sector 1055' and the lead sector of ttae 

... 
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next-following user ~ta track is identified aa aeator 105G. ·ane 

. reason for providing a copy of the TOC information in the program· 

. area i.a . that some computer applicatio11,a do ~t easily recognize 

data 1:·ec.orded · in sectors havin.g negative addresae-. . ( euch ae 

aecto.r.s ~32 to -1 of the ll!'OC inf0J:1Htion recorded in the lead-in 

area).~ 

still.another embodiment of the data configuration 

· recorded- on the optical di.ak is illu•trated in Fig. 6, whttrein 

the -roe region ·ia provided in the program area at sectorn 0 i:o 

31. Here. the recording Of-TOC. information in the program area· 

differs from the recording of ll!'OC information in the program area 

of Fi9. 5 in that the-Pig. 6 arrangement does not include a copy 

of _th~ TOC infonnation. Nevertheless, since the TOC inf~i;mation 

is rec9rded in positive sector ~ddresaea in Fig. 6, the 

possibility of misinterpretation du~ to the ditfioulty of· 

.. recognizing negati.ve sector addresses by a computer is obviated.· 

:In the embodiments of Figs. 5 and Ci wherein.Toe 

information ia recorded in the prQgram a~a. it is apprecd.ated 

that-the 'l'OC region ia segregated from data files which a;c-e 

particularly xel.ev~nt: to theoom.puter with which the opt.iaal. disk 

is to be used. Fig. 7 illustrates a still further exampla of the 

data con.figuration recordad on the optiQal diak. and ill.u1n-tr.atea 

the TC:<: region to .bE! located from sector address 32 to sm~tor 

addraf\!!a 63. :In this arrangement, infor:mation recorded in saatora 

O to :n. is reserved for computer· files that are particula ::·ly 

· . 
.. · 

.. 
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applicable to the. computer system. with which the optical ~tisk is .. 

· to be ·used. Thus, in ~he embodimenta of Figs. 5, 6 and 7 wherein 

TOC infoz:mation .. is recorded . in· the program area, such 'l'OC 

information is segregated from and, thus, does not interfc~re with 

file eyatem data that may be recorded on the.disk. such file· 
. . . 

aysten1 data may occupy .. several sectors or: several tens of 

aecto:r:a\' and· since the. ~oc· information is. recorded in a f".:tic~ 

numbez: of sectors so as to occupy a fixed TOC region,. there is no 

interference by the. '1'0C info.rm.at.ion with such file ~ystem data. 

.. AS mentioned aboVe:, in the preferred embodiment TOC 

info!;l1'i.~tion is recorded_ in 32 aector11. Preferably, altho~:tgh not 
. . . 

nece1uraril:y, each aector is comprised .of. 2048 bytes and a:ri 

exampl.i:~ · of the TOC info.r:mation recorded in a 'l'OC region i i.;;i set 

out i~ the following Tab1e 1~ 

:. . . 
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'l'abi.• of Contents Infomation 

Fiel~ Name.· . 
Bytea 

Disc Information .. 
'.rrac:d~ :Cnfoxmation (l•at Track) 

Trac~ Informaj:ion (2.-nd '.rrack). 

'1'rac1~· . :tnfoxmation (3-rdTrack) 
' . • 

• 
'l'rac>,; Informa:~ion (N-th 'l'rack) 

Reserved 

'1'0'1'~ 
... 

PA'l'BNT 
450100-3193 

2048 

32 

32 

32 

32 

63.88-32• 
, .. 

65536 

Prem ·the foregoiri,g.table, .it ia appx-eciated.that the· 

TOC ir~o:r:mation includes one sector dedicated to disk 

. inf on.at ion, described more particularly with respect to ~e1,able 2, 

and u~ to 31 sectors in which trac)C infonnation (see Table" 3) is. 

. record.ed. · 'l'b~ 'l'OC region also includes a reserved area for the . 

recording of infoxmation that may be .useful in the fJiture.. In a. 

p%:8ct.i.Qal adapt_ation of the ~tical disk Qf the present:, 

invent.ion, user infoxmation may be recorded in 'N tracks where. 

for example, Jr=256. The track info.z:mation which is recorded in 

the ~Ot.: region· relates to the.· data that is reeorded only in a 

corresponding track. aa will be described.~n conjunction with 

· Table 3. 

~-·~,~~,~·If' . . ·····,, 
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·'l:'he data which conatitutes the disk information. 

·recorded in t}le · 'l'OC region ia shown ·in. the following Table 2. t 

·Table 2 

f' 

Yield Name 

eo-cn zo · 
Disk !l'ype 

:Rese~~d for Diak size 

Lead out sector Address 

Disk:· :Information . 

Re•erved. for· Multi Seaaion·Parameters 

.Reserved for Writable Parameters · 

Volwne. Number 

Total· Volume Number 

Catalog lf\Jmber 

Rese~·¥ed ~or Application :tD Strings 

Disk Title in Bnglieh/IS0646 
' ' 

Local Language Countz:y Code 

·Length of Disk Title. in Looal Lan. (=5) 

Disk Title in Local Lang. 

Pirat '!'rack llJUmber 

No. of ".t'raak Entry 

Reseri.'ed 

TOTAL . 

B:vte_Cal 

8 

1 

1 

3 

.20 

20 

l 

1 

16 

8 

16 

3 

1 

N 

1 

l 

1947-ll . 
2048 ... 

'l'he f iel_ds which identify ·the disk information are described· more 

partiaularloy as foll~sa 

q-qp :ig1 Thia field~. comprised of. ·a bytes. aont:~ina a 

character string that identifies the data structure recora~:ld."··on .. 

31 

--
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the disk, including the data atruct~re -.ich ia \laed to.repre11ent 
. . 

TOCin£ozmation,.tbe-data structure used to represent tradk 
. . 

in£o~tion and the.data structure of a sector. For exa.taple,. if 
·. . 

the. character atring is "BD•CDOO 1",. the data structure . re~orded-

on the disk is of the type.illustrated in Fig. 4, the.data 

struc:rt'l,lre uaed to represent 'l'OC info~t;Lon is as shown in Table 

1, the data atruoture.used to re~aent .track infoDDation is as 

shown :!.n Tables 2 and .3. and the data structure of the sec·l;ora of. 

for e11.ample~ the uaer data tracks. is aa· shown. in Table 4 (to be 

deecribed). Different data structures may be identified by the 

· charac~er string •SD-CD002 • ,. "HD-CD003 • , etc. The partiou.lar 

ahar;aci:er string which . ia recorded in this field is detect~ed by 

the reproducing apparatus which ~rmita proper interpreta·~J.on of 

the pl;rt.Yed back data consi&1tent with the sensed data utru~·ture. 

p;l•lc zxaa1 Thia 1-byte data identifies the type of· diak · 

-as,. for: examplar a read only diak. a write once read many (WORM) 

·. disk o:~ an eraaal:>l• disk (such aa the. writable optical dia~t known 

ae the •Mini• diBc). · 

R@••cn• 'l'M Mak si1a1 .Thia. i-byte field is use~! to 
identit:y the size of· the optical diak. .-Or example, a ·diak· 

d:i,amet~>;:i:" of 120 millimete:r;a, may ~ i~entif'ied by a byte wb·;)se 

value is • 1 •, a disk whose diame~r is 80 milli.metera may -1'.A 

identi:lied by a byte whose value is •2•, and ao on • .In addition 

or, alt9rnatively, thia field may be used to identify· the c,1torage 

capacity of tile disk • 

32 
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l LM.4 A111i laq1jgc ''ti&"••• i. Thia 3-byte :field identifies 

2 th• a~reaa of the first sector in the lead .. out area. 

4 These two-fields, each formed of 20 bytes, store infoxmai:ion 

:S . which is particularly useful · for erasable· disks or for wo:il!M disk.a 

· 6 and i•~:. not ·further deaaribed herein·. 

7 Vpl·- Pm!teg• Thia l•bYte m.ta fie1d is used lm•n 

8 severtnl disks constitute a aollecti~n of.data for a parti~ular 

g application •. For example. if the. collection includes 2,. ~l, 4, 

10 etc. d~aks, this ·field identifies which one of those di&Kfil is the 

11. present.disk • 

.12 . !Cot;a,1 V9l11• m•=b••: Thia 1-byte ~ield ~dentifiea . the 

13 . total nu=ar of disks. which eonstitute the collection in \J.hich 

14 the preeent disk is included .• 

15 Q•t;a199 M'mb•r: -This 16-byte field is used to identify 

16 the type. of information or progranl 'that ia recorded on thef diak.' 

17 Such identification aonatitutea the "catalog number• and is 

18 represented ae WC/EM/JAJtl aode presently uaed to identify 

19 ~arious goods. 

20 . •••mre• ... ·Agl.i•M• . ID St;g.iags: 'l'his . 8-byt•i' field 

21 is intE!ndedto identify th~ particular user applieation for this 
. . 

22.. disk m1:dium. At _prE!sent, this field is not uaed. 

23 pi111c ftt;J.e :rn •nd.i.•hl:EHttl: .Th:i.s 16-byte field atores 

24 the ti"tle of the disk in theEngliah language,. as represented by 

25 . the Is~CS46 standard. ·Although the actual titl.e of the cli.ak may 

33 
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be in another langUage, its •ngliah translation·or a 

aor~eponding Bngliah identification of that title is re;corded in· 

this field. :In other embodiments, the field may c:ontain a .leaser· 

or _greater number of bl"=es so as to acaommoelate English titles of 

. .l,eaaer; or gx-eater length. · 

l.M•.J. Lpft-• Oo•a; qp .. : Thia 3;..byte field is 

intend.ad to identify the actuai language of the title of the 

disk. For example, if the actual title of the disk ia in 

Japanese, this field records the •1oaal language countzy• as 

Japan •. Xf the title i• in French, this field records the •looal 

language country". as France. ·The code recorded in this field may 

exhibit a numerical value corresponding to a particular c ountxy 

or, al.tern~tively •. the field may be aa p~11c:ribed by the +so3166 

standard. :Cf it is desired not to utilize this field. th~ 

charac;ter string recorded•· therein may ~ OxFl'FFFF.. 

z.anp1a 0£ pi.1k 1a:1;19 ip L••l. 14.NMa•. Thia l•byte 

:field.identifies the n~r of byte• that are uaed in the •ciak: 

'Title.In Local La~age• field (to be described) to repreri;ent the 

title ?f the diak in the loaal language~ l:f the aatual.diak 

ti.tle is 11ot re.corded in a language. o.ther than Eng.l,;ish • t:C.e "Diak 

·Title· ~en Loc~l Language" field is .left blank and the numerical 

v~lue of this •Length·. of· Diak Title In· Local Lang.uage" field is 

·.· o~ 

Pi•IF ''*l.e la Loci•l. Lil.yyye:· Thia N-byte field 

rep.resents the . actual title of the disk in the local l•ngu~:1ge. 

34 

------·-·---.-Received Time....;.. __ 14. Mar.15:52 ___ . Print Time 14. Mar. 16:26 '· 



.. 

'95-03-14 17:20 SONY FOREIGN PATENT 
fral: tarti.s,· 11arris a Safford n • au> 1HH11Z 
·Ta~. ftr. YpsJliklba 0. at &J llti8188791~ . 

+81354483063 T-515 ?.35/45 ·••tHS 19:5t .. aa a1 m · 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

us 

17 

.18 

19 

20 

THIS Sl-/Ef:T HAS BEEN ............... . . ... ,. 
. ) 

- ..... -·· ·- -·.:--:-:- .. ··.~· .. i 

PATEN'!' 
450100~3193 

~t is expected tbat different langua~s-will adopt different 

standards to repz;eaent·disk tit1ea• and such local language 

standards are e:xpe0ted.to be used as the data recorded in. this 

.field .. :i:t ia appreciated that.the number of bytes which 

conat~~tute this field is variable. 

r.irllt; kgak ppber: This 1-byte field identifies the 

number of the track which conati tutes the first track thid: 

contains user information. Por example, if the TOC information 

ia recorded in a aingl,e track,. and if this single track .i.1,.iJ 

:i.dentifi.ed aa track 0 in the p.r:Ogram· area, then the numbe;r of the 

track which constitutes the •First Track Number• ia 1. 

e•h• 9C. 'lnals Jbd;c4,as: This l•byte fie1d identifies 

the tot.al number of user tracks that are recorded~ zt ia 

appreciated that if this field contains a single byte, a f'jllzimum 

of 256 u•er data tracks,. that is. tracks whioh contain usar 

informntionr may be recorded. 

The data recorded in the track infozmation fial~s of 

the -.roe.data shown.in 'l'ab1e l now will·be described in 

c:onjull(:tie>n with the folloWing Tabie-3; 

. · .. 
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Table 3 

T~ack +nf0rmation 

PA'l'DT 
450100-3193. 

11--------------.....~F_i_e_l_d __ R_a_me~----~----~---------------BXte(a) · 
Trac::it Number 

.. Speed $etting 

·Start SA 

End SA 

Time· code at start Point 

1 

1. 

l 

3 

3 

4 

Playing Time 4 

MaatE~·ring Date &: Tim& 7 

~Re;;.;;; ... s .... e..,1_:_ve___.d_· ..... ~ ... o_r_Ae....,P.-l_io---'a ... t.-i_o_n_: ~I_D_S_t"!'"~-i_ng_a_· -----------···---&-... 
TOTAL 32 

'l'he info.rination recorded in each of the ·fields ,,mich 

constitute the ·track infOl:Jtlation of Table· .3 now will be die:!scr.i.bed 

in greater detail. 

Znsdl Y'•ber: Thia 1.•byte tiel.d identif~a the r.<.umber 

of the track represented by th'ia track info.r:mation. Since one 

~te in used to.identi:fy.thetrack number .. it ia appreciatadthat 

a maxi1nwn, of 256 user dat~ tracks may be recorded. Of course .. a 

ain9le track number. is lilled to identify a respective trac»t, and 

no two t~ack111 on this disk are identified by the s.ame trac!t 

number. · Altho\lgh it is· preferred that the aucaeasive trao~s are 

numbere!t:I sequentially, it also_ is appreciated that, if .del\:.:red. 
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; · 
' I 

-

'95-03-14 17:21 SONY FOREIGN PATENT 
. ·. h! Qultis, llDrrlr I Slffurd It Ill tall lftHIU 

ta: ifl. lath~; 0. at Iii IM5818878118135itl5 

+81354483063 T-515 ;::i, 37/45 
fq wr.W-::N N•oNI I" . · a•arm 

1 

2 

3 

4 

5 

·6 

7 

8 

9 

10 

11 

12 
•' 

13 

14 

15 

16 

17. 

18 

19 

20 

21. 

22 

23 

24 

25 

' 

PATJDrr 
450.~.00-3193 

each track may be aaaignad a random nWllber and this random number 

.ia identified· by .the "T:r:ack Number"" field. ·= nm•=. 'lhis l•byte:data identifies the erro%· 

correcrtion code which i19 used to encode · tl'la user . data recorded in 

thia t.rack. For example, the BCC type· may be either long 

distance error.correation coda, known as the L format .. or short 

distanae error correction code, known as the. s foJ:J11at. Tb.e .. 

diffezence between the L foZlllllt. and· the s :foxmat ia deac.i;:·:;.bed 

below. 

_ _. · .•n•ms= This l•byte dat~ i4entifies the tiata 

trans:far rate by which data is recovered .f.rom this track. For 

example,. if ia refex:encedata transfer rate.is 1.4.Mbpa, the 

"Speed. Setting• f.ield may exhibit; a ·val.ue representing 1 ~''·this 

ref ere; nee rate or. 2 x . the r:eference ra~e. or 4 x the refe.t:t·:!nce 

rate or 6 x the reference rate. ·Fig. 8 . is a tabular 

. repres~ntation of tlii•. ·•$peed .setting•, fields. and 'it is 

appreciated th&t the data tranefer.rate .need not be an int.;egral 

.mul.tiple of the reference data transfer rate, as repreaent:ed by 

the vs.:lue •n•. The byte value O for this field, as shown · in 

Fig. a, represents that real .time read-out of data is not 

required. It: is. appreciated.· that ·computer data, aa opposPd to., 

for e~ple, video data, does not require real time read-out. 

Renee, if computer data is· .r;ecorded in the track idantif :'.• ... d by 

the '"Track l1milber• field in Table 3, the·val.ue of the "Sptited 

s~tiri·.g•. field is ••t . to o. 

'• . ' I 
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1t111:t NMI lp4 •MM• Mtna1•• (R)1 'l'heae 3-byte 

fiel.ds identify the .. address ()f the start sector of the track 
. . . . 

· identif'ied 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, t:tiese fie1ds are useful when 

carry_ing ·out a high speed ·access operation of a desired track. 

WW cg4w At; nan rgJ.pt; Thia 4-byte fiel~ identifies . . . . 

·a time code for.the.a~art- sector in.the track identified·~ the 

•Track Number• field. It will·be appreciate<i that· if the user 

. ·. info:rma.tion · represents video data, such video data may. be 

·recorded.· with ·conventional time. codes and the start aectox· of the ·· 

track 'Which contains such video data ia recorded in i;hia •!!~J.me 

code At:;taz:t Po.int• fie;Ld. If time codes an not recorded with· 

the u.aer info.r:mation,, this field may be le~t bl.ank or may be 
. ' 

provided with no data, such aa the chara~te:t" co.de o. . . . . . : 

riay.i.ng · ~"-•·.Thia 4•byta data :rep~aenta the oVf..a·rall 

.. playback . time for. the. ptogram information that ia. ~rded in th~ 
track id~ntifled by the •irr~k Numbe,r:• field. For example .. if 

the user info:r:mat;ion in this. track is an a~dio program, th1:'! 

playing. time for this track may be on the order of about_lO 

minutes. If the user information constitutes. cpmpresaed video 

data, the playing time may .be 2 o~ 3 or even .·up to 15 minutes. 

Ma•t;•ariy PU• ap4 1•••t Thia 7-byte field identifies 

the date and time of creation of the maatar disk from which"· this 

. ~~ '"°'~'+~4~~ 
:. :··~~ • I. •• I • 

.3,~ 

. ' .· ... .. . 
'•: 
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. . . 
optical 4iak was made. ·Jrig. 9 is a tabular repreaantation of 

this field. If desired, this field niay be replaced by null data 
. . 

repres~nted by charaater.~ode o. 
aa•epya4 fo~.APPJ.:iaat!en ZD S~2i .. 11 Thia 8-byte field 

is intended to atoXl! information representative of th& particular 

.. application for which the data record in the track identiti&d by 

.the •'i'raak lfUmber• fie~.d is to· be used. .This. diff(;!~B aligh.t.ly 

from the •Application :rn• field in. Table. 2. because the 'l'~:le 2 

f.i~ld ia intended to identify the type o:f. app1ioation. or ur.Je · 

intended· for the entire disk, whereas the •Application ID.• field 

of 'l'abl.el' 3 simply the identifies the type or u11e of the da~~a 

recorded in a particular track: on that disk:. 
. . 

·Referring now to Fig. 10, there ia illustrated a 

·preferred embodiment of the data atructure"of a sector of nser 

information. · TOC info.z:mation alBo ie recorded in sectors; and 

thest:rUcture of such T0C sectoJ;' is similar. The following Table 

4 identl:fies the fields of the sectors shQwn.in l'ig. 10: 

f'Ol!~~,.,~~~;~~ . 
-:: ·: . ·:. ·-'~: . t. 
;,' •i I ..... 
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2088 ..-... 
:rt is seen that • sector . ia comprised of· a secto.-r. 

header which con:t;ains 24-.bytes arranged in one embodiment <i& 

. Shown i.-!l Fig.: lOA, followed by 2,048 bytes of user data,. .f·•bytes 

of error detection code (EDC) and 12-bytea which are reaez"9'ed •. 

·Prefe~ably, a number of seetors constitute a wcluster•, and as· 

one example, a cluster is compriaed o:f 8 sectors or 16 aea·h~ra, 

as may be determined by the preferred fa.mat.-

A more detailed exPlanati.on of the different fiq,lda · 

which constitute the. sector shown in Fig. lOA now wi.11.be 

provided. 
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•eqt;gc ISRS• This 4-byte field is formed of a 

prede·ce:rmined bit -pattern wh].ch is readily detected and wb;ich is 
unique and disi:inctiVe from the data p$-.:te.rn. included in .&ny 

other ~ield of a sector. ~he accurate d9tection of the ay~e 

pattem may_ be confirmed aensinq errors which are· interpretated 

from ~he infoz:mation· :r;eprQduced from the sector. If a large 

number of error• are detected continually, it ia safely aaJaumed 

that the syncpatternhaa not been accurately sensed. 

Alter~tively, and preferably,· the demodulator which is Ufled to 

aonvezt 16-bit symbols to 8-bit bytes (or,. more generally. to 

convert; an m-bit symbol to _an n-bit byte) may include auit;able ·­

ac:mve.r~ion tables which are not operable to aon.vert the sync 

_ pattern to _a byte. - 'l'he sync pattern is -assumed to be pretmnt 

when the demodulator ia~unable to find an n-bit byte which 

correspond• to a received m-bit symbOl. -

ep1,ig Pel•.,nu_cpae (aac)• 'i'his 2•byte field i.a 

_derived from the subaode data, the cluster position data. and the 

.aeator address and mode data included in·the sector header .. Such 

CRC data. is used t:o correct errors that may be presen~ in _'t:hese 

fields. 

lylp9W1 'l'hia 5-byte fi•ld ia deaoribed below. 

cipat;•c Poeif;ioa.t-'l'hia 1-byte_field identifies the 

·particular order_ in the cluster in which this sector is located. 

For e¥ample, if-the clpster is formed of a -a sectors, this field 

41 
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. ident;tfies 'the particular sector as the .first .. second. third, 

etc;;,. sector in the cluster. 

.&f're••• '!"hi.a _3•byte ·field conatit;utea the. uniq·ile 

address for this sector. Since the addresa ia represented aa 3-

bytea~. ·a maximum of fs4IC sect()ra theoretically may .be recoz-ded. · 

Pigs •. ·i-7 represent the· sector addresses of different user· data 

tracks. · 

Yo'• •Pf Splt•l9•••EL These fields are conventionally 

·used in CD-RoMa and the data represented here is the same aa that 

conventionally used in au~h CD-ROM&. 

V••• Qa1;j)1 2,048 bytea of information are recorded in 
. . . .-

the user data ·field., For example .. computer data, compres~_t!d 

video data, aadio data and the like may be recorded. If· '\''.ideo 

data ia.record,ed, the HPEG standard m~y be used to.comprelfa -that 

data.&• ~scribed in standard l:S01381-1. 

lcrol!' petept;,icm C!e4e1 Th~a 4-byte data is cyclia code 

.which ia added by EDC adder 127 (Fig. 1) and ia uaed to enable 

the detection of an uncorrectable error in the sector • 

Fig •. lOB schematically illustrates.another embodiment: 
. . . ~ 

of a seator header, this one ccmtaining 20-b.ytes. 'l'he fields of 

the 20-.1,yte a~tor hea~r of Pig. 10B are similar to the fi,9lda . . . . . . . . . 

of the :Sectot". header shown . in Fig •. lOA, and to avo:i.d. unnecc~aaa:cy 
. . . 

duplicative exPlanation; are not further described. 

A detailed d:l,·acuaaion of the sub-code field now i.a 

provided in conjunction.with Figs. 11A-11E. :ct ia appreciated 

42 
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that t.ne sub-code :field is comprised of two ~r:tiona; a 1-byte 

addres:1 · portion and a .4-byte ·data portion. · The value of t.he 

addrea!,1 portion . ~e.rves to icienti;fy the type .of data that i e 

recorded in the data portion. _ For example, and as shown. .in. Fig. 

llA, if the value of the address portion i~ O, null or mer'> data 

ia recorded in. the data portion. 

·:tf the val'Ue 0£ the address portion is· 1, as shown.in 

Fig. i:.:e, the data PQrtion is provideQ with the following .:.-byte . 

inf o.rmation1 . 

wn• t=b•I'= Thia dat.a identifiea. the number of the 

·track ~n whicb the sector containing. this . aub-code is rec~rded. 

amd9ht;e41 . This byte exhibits. the atructure anc")Wll in 

Fig. 12_ · wherein a _ • 1" bit represents that copying of the 

aasoci1rted user data is prohibited and a •Q• bit indicates that 

copying· o:f the associated data is p~~itted. 'l'he bit paaitiona . 
. . . 

of the ::°opyright byt~ id8ntify the ty~ of us.er -data for which 

copying ia selectively prohibited or. p&Dnitted. As ahown ~in Fig • 

12~ the identified user data is analog video data, analog audio 

data, digital video data, digital audio data, arid the like~ Por 

example~ _if ~he user data in this sector is digital video_ data 

;and if copying of that digital video data is prohibited, th·a 

copyright.by1:e_may appear as •00100000• • 

· ADJ..iaat;i• zp: This indicates the particular. 

appli~ation intended for the user dat• that ia .recorded in ·thia 

sector. E~amples of typical _applioat~oria are shown in Fig. 13 as . 

F.P~-lfl!!~t~~~ 
... . . ~- ·: . ' ... ·:. . : 
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computer text,.video. video/audio, ate. :Cf no data ia re<:ordad 

in thi.s sector. the application :rD by.te may be represented as the 

character. 0. . :l 

1QO 'IJ!P•1 Thia data indicates whether the user data is 
. . . 

·· :sec encoded in, for example. the L format or the s fo.z:mat... as 

shown tn Fig. 16. · ot.her types of''ECC·codea may be represented by 

other values· of thia ECC type byte. 

x~ the value of the aub-code address is 2, aa 

represented in Fig. 11c, the data portion represents time code.· 

~~iit·i~~ if the 1J&er data recoz:ded in thia sector i~ variable 
'· 

over time, aa would be the case· if such data ia "Y"ideo . date~,. the 
. . . . . 

time cOde data recorded in the· sub-code field repi:eaenta.time 

infoniatiori at which. the us.er data is recorded. An azample of 

· ~~h ti~ eode data is represented in Fig. 14. :It ia appzeaiated 

that 2.,,.digit . BCD bit• are used to represent the hour. minute, 
.· ·' . . . . . 

oooond ~nd frGDlC· a.t .whiQh the uocr · dot.i in thio . ocotor io · 

z;-eoorded. 

If the value of the address portion is 3. as dep~cted 

· in Fig.: llD, the data portion of the aub-c:Qde fie1d repreaants 

·the . dis.tanae . from the lieator in which this •ub-code ·field ia 

recorded ··to th• first sector in which an ilaediately preceding :c 
compressed. video picture ia recorded;. and alao the distance from 

this set:tor to the f irat sector in Which the next-followi~r r 

comprea~ed video picture is recorded. Those of' ordinaxy a!r.ill in 

the art will reaogni~e.that video data,. when compressed in 

111011r111~r · 
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accorda;nce witti·theMPEG sta?Jdard,_ .._y con-.titute an intraframe 

encoded video picture, typically ·known aa an 'I picture .. a/· 
. ' . .. . 

predict.ive coded· video pictu~, typically known as a P picture, : 

and a bi~directionally predictive.coded video picture, typically 

known t.AB a .B picture. The. data portion of the sub-code field 

whose {lddreas portion has the va1ue of 3 thus indicates the . 

diatani::es between this sector and the beginning of the neJrt~ 

preceding and nezt-followi~g I pictures. 

~f the value of the address portion is 4, as ah)7'n in 

Fig. 11E. the data portion includes 1-byte picture type, 
;_" 

· indicating whether ·the video picture that ia. recorded in t.l>is 

sector ia an I,. P. or B picture (see Fig. 15), and 2-byte · 

temporcil refe~nce d•t.a which inci!Qatea the location in tb.e 

origin.:1.l picture display sequence of the particular piotur.-e that 

ia rec:ordc!d in this sector. 'l'his ~emporal ·reference data ia 

: · helpfuJ.: during a ·playback ope:ratio~ because, .aa thoae of ordinary 

·skill in.the art recognize. the_looat:ionof compressed B-pi.cture 

data i* the .MPEG code sequence may be quite different from· the 
!" ·.· 

a~~ual;loaation of that picture when the B-piotui-e ultimately is 

diapla,,ed• 

'l'ha BCC f~rma1; which preferably is: used with the 
. . 

present; i~vention is the L·_format. · A schematic repreaenta~ion of 

an enceJded 0 data frame~ is depic.ted in E'ig~ 17. 'l'he :&:cc "frame• 

ia reftarred to _herein as a· Cl code word •nd th~a word, whe11 

reaord&,d, conaiata cf a sync pattern followed by 13c5 data .. 

45 • 
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symbolB. The term.•aymbol• ·ia used·rather than •byte• because,. 

as will. bede.cribad,.the recorded •s:ymbol•.aonaiata of 16 bite 

·. (known as channel. bits),. whereas a bj'te typic:al.1y ia undex»1tood 

to conuist of only .8 bits.· It ia appreciated,. however. th-at the 

Cl aode word~ prior ·to conversion from 8-l:>it byte• to 1C5•b,i.t 

.· symbolf.i, that .is,. prior ·to modulation of the Cl code wo~u. .. 

navertt~eleaa .consists o~ th• construction shown in Fig. 17 

whereir. it will be unde~stood that the illustrated symbols are. 

in fact,, · bytea. 

'l'he manner in which the Cl. code word at:ruct\1:r:e i· l 

generated now wi.11 be. briefly described. 116 data bytes, ,,r 

symbe>l.s, known as a C2 word.· are supplied to,. for example. the 

.ECC enc1>der formed of memory 131 and ECC circuit 132 of Fi•~.·. 1. 

·A C2 ·hcJd section i_. added to the C2 -word. preferably by bning 

inaerte(i between two .groups of .58! symbol&, and a Cl hold Bf-~Otion 

ie addf?.; to the end of the resultan~ .128 symbols. A hold reation 

merely :re·•erves a. location in the data stream· in which par: tl' 

data au.~.:.eequently ia inserted. 'l'hua, a prelimina:r:y Cl wor:· may . 

be thou,_;ht of as being formed. of a group. of 58 data aymbolJ 

followe.~ by a C2 hc;>ld . section followed· by a group of 58 da·t a 

aymbols,fo1lowed by a. Cl hold section. Then, C2 parity sy,.Uc>la 

are geni.irated by,. for example,. modulo 2 addition. PreferlL~ ly, 

one clati ~ symbol in ona preliminary C.l word · is modulo-2 comk ined 

with· a t.~.'l.ta symbol included in the next (or second)· prelind.r.Ulxy 

Cl word. :If.desired,. further cOmbinations may be effected lllith a 

46 
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data syillbol inc1uded in th.e third-following preliminuY Cl word·. 

and ao on, to proc;iuce one C2 parity symbol •. The next C2 pc.1rl.ty 

· symbol is produced by a similar combination ·of the n~t da~..;a 

aymbo1 in this first preliminary Cl word with respective ~ta 

symbols. in the next-fo·llowing preliminary .. Cl words. In th:i.s 
1· 

manner~, C2 parity aymbo1s are generated b7 combining a 

predete .. nnined number of data symbols: of the same pre.deternd.~d 

~r of successive. preliminary Cl words• That is• if tb.1~ C2 

parity aymbol is produced by mOdulo-2 combining two. data wi::trda,. 

then or ... a data word of .the first preliminacy Cl word is mod,110-2 

.· combina.':.i with one data: aymbol in the next symbol position ..::>f the 

next-fe.Llowing preliminary Cl .word. ·If the C2 parity symbol is . 

. produc•\·:l by combining· thraa. data symbols,, then one: data s:ynbol in 

aucceas;i.ve aymbo1 positions from each of three successive 

prelim:i.uary cl words .are combined to produce the C2 parit1• 

symbol. And if the C2 parity symbol is generated by co.mbi.:1ing 

four d1rta s~la, than one data symbol in successive s~l 

positions :from each of four successive preliminary Cl worch are 

combim~d. 

·As.a preferred aspect of this ECC encoding, the data 

symbolfk which are combined occupy successive positions in ·ii:be 

respect:ive preliminazy Cl worda. That is. if the data symbol in 

the fi.1 st preliminaey Cl word· is. the nth data aYJQbol. ·the .. "lata · 

· symbol J.n ·the second prelimina.xy Cl word is the· (nth + 1) t; i qata 

41 
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rd preliminary Cl word· iu the 

. When 12 C2 parity symbols are generated in the m;.l.nner . 

. juat described, thc>aa:·12 C2 parity symbols an inserted .in~o the ' . . . . . ~ . 

c2 hold section of· this fir~t.prelimina.r:y Cl word, thus for.ming a 
~ . ~ . . . . . . 

precur.:,oz:y cl word.· Then, 8 Cl parity symbols are generat .... d by. 
. . . 

· convent~ional parity symbol generation· in response to the data and 

.parity symbols included in this precursory· Cl word. 'l'he 

generat:ed Cl parity· symbols are inserted into the Cl hold. section 

thus.fClrming the Cl .code word. 

In ·the Cl t;:ode word shown.in Fig •. 17., the _C2 parity 

symbol~ are inserted between.. two groups of data spabols. · 
. :~ . 

Alternatively, the C2 parityay.mbol• may be locatad at the end of 

the · 116 data symbols, that is,.. at the .end of the C2 word. .A · 

preestc-~bliahed· number. of Cl co~ word.a having the structure shown 

in Fig .. : 17·constitute the long distance error correction encoded 

data. 'that · is .... a preeatablished n.wnber of the Cl code wox<l..is are .. · 

used aa the L foz:mat BCC.encoded·data having the structure ehown 

in F.ig .. 18. As illustrated,· 128 Cl code worda are.used,. S\IC:h 
t-' . 

that i '.= 0, 1 •.•• 127. Eaoh. Cl code word is comprised of ·~ :iync. 
1 ., 

code, c>,r ·pattern, followed by 136 symbols 60 ,. s1 , ••• s'j ••• Su,., 

wherein. j = O, 1 ••• 135. 'l'he .. circlea shown in Fig. 18 repr"l!aent 

the manner in which the C2 parity symbols are generated. ~t.s baa 

.been &:ascribed . above, · .the C2 parity symbols are generated for the 

C10 code word in re•ponae to the data aymbola included .in code 

48 
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· 1. . worda C1 0, C11 , ••• cl~, where r · rep.tesen~s the n1,:lrnber of data 

2 symbols and that are· combined to generate the par~ty symbol. · · 

· 3 From FiSJa;J• 17 and 18, it is_ seen that al'Jllbola S0-s127 ·constitute 

4 .. · data ar¥i C2 parity symbols; and symbols S128-Su5 constitute Jc1 .. 

5 parity :symbols. It ·will be appreciated that, -since tWelve C2 

6 . parity a:ymbols are reco.rded in a Cl code word. up to. twelvr;4 data. 
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symbols· can be corrected. Since these twelve data aym]:)Qls are 

. includ&:d in twelve aucceaaive Cl code words,. a burst erro:r;· of 
. . . 

. twelve Cl code words can be correated. which amounts to a 

· correctable error of 12 x. 136 • 1, 632 · 9ymbola. 

An.example of the S fonnat ECC encoding is 
:.' 

schemat+cally. illustrated in Fig. 19. In the. s fozmat, t~..r~'! 

.twelve ~2 parity symbols.are divided into two groups of a .,:, .. C2 ,. ... ,,, . 
. parity itymbola each,. with one group of six C2 parity aymbo:!'..s 

. .being a~ded to· 58 data symbols and the other group of six <;.2 

parity· aymbola being acided to the next 58 data symbols •. Thus, 

. ·rather than generating the C2 parity symbols from data synhola 
. I . . . . 

includa·i .in 128 Cl code. worde, the. C2 parity symbols in th•': s 

. format are: generated from. successive data s~mbols included ;I :Ln 64 

ci code~ words having the ac_hematic· representation shown in Fig. 

19. Whereas the L format permits the uae of C2 parity. symhole to 

~orrect errors . in twelve ci aode ·words,· the s format suppo-~.:-ts C2 

parity '.~rorrection of up to six Cl code words. Hence, the P 

fo:r;mat .:c-:.ermita the correction of a. burst error of 6 x 136 -· 816 .. 
· &Ymoo1a .. 
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Whe~ compared.to the :&:CC forma~ used in,. for exa.1:'.iple,. 

CD-ROMa o! type that have been.proposed heretofore, the ueu of 

"the L format ors format in aocordance.wi:th the present invention 

permitaI a reduction in redundancy from about 25i of priox.· ~rt CD­

ROMe to\ about 151 in.the preaent invention. 

A· aector formed of ·Ecc encoded data in t~ L foxmat or 

the s .·f'ozmat ia shown in !'ig. 21 wherein:. the., sector inclu~a a 

sector ~eader formed. of· 24 symbols and also is comprised c:t.! 

eighteen cl aode words, each Cl code word having the conat:.;·uction 

shown · i .;;. Fig. 17. The last Cl code word included in the . s~ctor 

include~ four error detection aode symbols and twelve aymb;; • .la 
4 

that &J:lft reserved for f'1tu~e use. The sector header exhib~.ta the 

structu .. 'C'e shown. in Fig.· 10. Nevertheless;· errors· that. may be 

present~ in the· eector header can ~ corrected gener•lly · b.J· using 

only th-a- Cl parity symbols.which are generated fo.r; that Cl aode 

word• 

As.an aspect.of this. i:pvention, the s~ence of t:he 

symbol11 inclu.ded in a Cl code word as recorded in a track c:iffers 

from ·tbf. sequence of the symbols ·.that ra·re '.!aupp.l·ie¢: for :cec(.•rding. 

·. That :La~ and with reference ·to Fig. i,, the aequ.enae of the , 

symbols supplied.to modulator 140 differs from the seqaepc~ of 
•I 

symbols supplied to lJWitch 124 • Dy recording the data aymbo.ls in 

what is referred to herein as a disarranged· order, the 

possibiJ..ity i• reduced that a burst . error wil.l destroy the data 
... 

1:0 . the •f)ld:ent that, when reproduced, the. data will. not be 
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interpratabl~. In particular, if the data represents video 

information, the .reaQrding 0£: the data aymbola in disarranged. 

order e1:1hances the possiDili~ that, accurate video picturS"P 

.neverth~less can be recoVered even in the preaenee of the bu.r;-at 

error. Fig.- . 20 ·is a schematic representation of the manne::: in 

which the dat.a symbols · are disarranged for recording. 

Let it be assl1JDed that-data.symbols are recorded on the 

disk in the order Dk and iet it be further assumed that ea~:b Cl 

·code woi:d is fo~d of m symbols, with n of those ·symbols 

conatit\1ting a C2 oode word (i.e. 116 data symbol.a and 12 C2 

parity ~ymbola) and J_a-n of those symbols constituting the Cl 
:! 

parity ¥aymbola. The :r.;-ela~ionship·.among 1, j, · k, m and n f~ .r 

recordi 1g thus is= · · 

Jc = m x i + ~ x j - m,. when j < m/2 . 

k = m x i + .. 2 x j - (m - 1) when j a m/2 

J:f. the data symbols. appear on· the disk· in the recorded se~,ence 

D0 , D1 , ·D2 ••• such dflta symbols are grouped into an odd grcqp 

follo~ by an even group. r"or example, and assuming 136 

symbols~ data symbols D0 - D61 c:onatitute an odd group of od-:1 
·~ 

nWllbereil data symbols and data a~ola D18 - Dus constitute an 
. . . 

even group of even data symbols. It will.be understood the.t 

"Odd"" arid "even" refer t<;> the origina.1 sequence in which th'!lse 

data. SYJnbols had been 01>resent4!!d ·for recording. In the ·forngC)ing 

equations, ii.a the sequential order in which the Cl code words· 

are pre~ented for. recording, j is the sequential order of tpe m 
i 

8095 .lllR/.'J19J;.»P 
. -~' 
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symbols in each Cl code word presented fC)r recording and k is the · 

order in which them symbola_arerecoZOded on the d.j.sk. That is, 

. When· the Cl Code wor;ds having data symbols in tht~ 
. .. ·. . .. 

aequenc:.e: •J)0 , D1 r • .; • D~35 are plQad back from the diak,. the· data. 
. . 

symbols, stored. in. ·ring buffer_ 2l7 of Fig. 2 are rearranged to the 
;..~ ...... . 

· sequenc·s.t il.luat:ratad in Fig. 20. This seque'1Ce of Fig. 20 is 

. referred to as the arranged sequence and ia fo%'Dled of sequ•.:ntial 

· a.lternaj:izig odd and even data symbols · wh.ich ia the aame sequence . ' ·:."· 

· .. -~• the ~a'ta aymbola origina,lly presented to switch 124 of 1'.,ig. 1 

for rec~rding. It will be appreciated that the data aymbo!.s · 

which a:re inelude~ ·in the recorded .Cl1 code word in fact bfi...long 

in .part to cl0 code word and the c11 _code ~rd. That is, i~~ the . 

C11 :rec<o'\rded code word is foxmEKi of s~ia D0 ~ D1 , · ••• D115., the 

.. reprodu-!::18d C10 ·code werd includes .symbols D1 , · D3 , ••• D133 , P..~5 and 

·the .rep·i:oduced C11 oode. word . includes symbol.a D0 , D
2

, • • • Dl;j
2

, · 

D1H. T~e sequential storage positions in ring bu:f'f•r 217 ~f Fig. 
) . . . 

2 of th' aymbol11 D1c that are reproduced from the disk may be: 

expreaa~d •• followas 

i =· (k/m) ·- .(kmod2) + 1 

j =. (m/2) x (Janod2) + (lmlodJn)/2 

Where i is the sequential order of the Cl code Words. that i::re 

read ou·~ of the ring buffer, 'j ia the sequential order of -~.be . 

·· aequenc~~ of the m aymbola in each Cl ·code ward that ia re·a~. out 

sot5.ll&/Sl!l:j.AJIP 
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of the ~:l.ng buffer and k ie the diaai:raQged order in wniah ,. the m 

symbols; are reo(?rded. o~ the diak •. 

Although.the present -i~vantion ·preferably record11 .data 

in the L for:mat of ECC encoding, ·the teachings herein may be 

employei;:i with s fo:mat ECC encoding. Discrimination between the 

L fo:cma.t and ·s fo.cnat may be made by sensing the BCC byte f .. n the. 

· track infor:mation field of . the .Toe data, such as the ECC b~fte. 

shown in, Table ~, or by sensing the :SCC byte included in tl;.e 

subcode,field shown in Fig. llB, .wherein the ECC byte of thP-

. a1lbcode': field may have the . ~tructure shown in Fig. 16. · Anc~ther 

teohniqi.1e that can. be used for ECC format diacriminiltion 

contem1> i.ates using one type of · aeotor sync patter· when· L f c;):cJDat 

. ECC enc· :iding is used and another type. of sector ·&:Ync patter~n :when 

s forma·t -~cc encoding is used. Thus, not only is sector 

synchronization deteqted but,. at the same time,.the type of· BCC 

format fs sensed. 

Yet another· technique for·· diaariminating · betweet;} t. 

-fo:r:mat and S· format ECC encoding employs the addition of a :: . . . . 

diecrimtnation bit immediately following the aector sync prttern. 

sti11 another technique for_discriminating.~tweeu the 

L .ands BCC formats is bas~d upon the ability of theEcc 

c~rrec~:'...ng. circuit 216 of F~g. 2 to operate sat.is.fa.atori1y... For 

example·'.' if error correction assumes that the BCC encoded data is 

in .the X• foxmat and error correction .is not possibler it io 

highly tiJcely that the .d;ata actually is in t~ S toz:rnat • 
. • 

SOIS.llll/U91.m 53 
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Conver1M!ly, if error correction assumes that the ECC encod.-,id data 
. I 

. is in t;he s. format but error ·Correction is not possible, it; is 
.··; 

highly likely that the data had been encoded in the L form'(\t. 

Thus;. e:iacriminati.on between° the ·formats is dependent upon the 

success or fal.11.Jre of. error correction. 

·'l'he ECC encoded data, whethe:i;- in · the L format o.z.· ·the s 

forauat. constitute convolution codes. A group of Cl code 'll!'Orda 

niay be rthougb.t of aa a blieck and suCh Cl code worda may be b1ock 

coded .~ t~ manner she>Wn schematically :i.n l'ig. 22. Be~;, in 

· additic~p to 1'. fo:r:mat :&:CC .encodin'iiJ,. the Cl code words are b.l..ock: 

coded a." will now be .briefly described. ~t it be asaumsd· that 

the data symbols in a preliminary Cl word constitute a C2 t:11ord 

·(as de&<::ribed. above) • Let it be assumed that the. C2 words are 

presented in· the sequence C22,1 C22 , C21 , etc •.. :tn l'ig. 22, t.:he 

symbol.- represented by an open ci~cle. are. data symbols inc;~uded 

in the C20 word, . the aynibols. represented by a filled-in circle 
i ~ 

·are dat!~ symbol a included ·in the C.216 word1r t~e symbols 
\ 

· repreae1nted by a tr!angl.e· arE11 dat~ . symbols included in t:he .. c211 

·word, tA.e s~.la . represented. by a square are data symbol.a. 

i.ncluded i.n the. c2.18 word, and the symbols represented by em x 

are data symbols ;i.ncluded in the C219 word. since. a block ~::ode 

conaiabs of 144 Cl code words, but each Cl code word includes 

only 128 data symbols (including c2: parity symbols) it follows 

that. o~ data. symbol in the Cl17 code word cannot be incl'C'.<.\~d in 
f 

' .the . ill~atra,ted block and ia e,xpected to. be ·included in the.- next-

·. &085 .illl/JU j .IPP · 54 
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· followipg block. Howeve:r:. block coding requires ail of the data 

symbo.ls~ in ·a hl®k of code Words C10-C1143 to·. remain in . that b1ock 

and, · therefore,· 1;he last data· symbol of the C117 cQde word :i,.a 

"folded J:>ack" into this block as .. the. last data symbol of the C10 

code word. Similarly, the. last two data symbols of the Clu word 

are expected to fall within the next-following block, bUt heoause · · 

.of bloc~: coding .. tht!ae two symbols,, identified as data symbols 

12.6 and: 127, are · ft>lded back into the C10 and Cl1 code ·wordil, 
;. 

respect';. vely •. 
. .• : . 

stated. generally, those data symbols· of a c:.-~ word 
i. 

' . which otherwise :Would be · included in .. ·the. next-following. blc;ck are 

folded :'Q~ck tt;> the· beginning of the · i1·1u.atrated block auch that 

·each· Cl . code·. word included ·in· a . block of 144 Cl. code words 

·include~ ·interleaved data symbols from 128 of the 14 4 cl a.: de 

words, as .. shown. 

Bach block-co:nsists·of 8 seatora, whereby a bloc&; 

include; more than lCSK bytes. Br~r correction c:an ·.be oa;r.ried 
j 

O\lt. on ~\. block-by-block baa.is. 

Fig. 23 is. a schematic representation of t~ bloc•k 

coding nf S format BCCencoded. data.· 'l'he same principle th.at ia· 

. uaed fo:i: the block coding of L format ECC encoded data, as 

··diacµ,ss"1d in conjunctio.-z with Pig. 22, is· applicable to the block 

coding <~·f s fonuat-.ECC encoded data. Here, however, each tl.ock 

.. 55 
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consists o:f 4 aectorsp and aa a z;eault, each block is comprised 

·of DI.Ore.than &It byteiB. 

The modulation technique used to l'ilOdulate the Cl coda 

words f·;>r recording on disc 100 (e.g ••. the modulation te<:h:r..ique 

used by modulator 140 of Fig. 1) now w1ll be described. 

One type.of modulatton ia 8-to-14 modulation. (Enc) . 

which is used ali the. standard-in compact discs. and one e~le 

of auoh :; EFM proceasing · is. described in Japanese patent . 

applica'f;.ion6-2655. In conventional EPM~ an a-bit.byte is 

· convertr:td into. a 14-bit symbol . (the ·bits of the symbols are known 

as •cbanne·i ·: bi.ts because they are suppli.ed to the recordin.·:1 · 

·. channel) ·and successive symbols are ,..eparated .by margin bit~. 
. . . . . . ·. 

Seretoft;~re three margin· bits were. u•ed, and these three bii_;a were 

selectect.to assure that the· Digital Sum Value (DSV) accumuJ.:ated. 

from auqceasive •ymbols is reduced. EFM i• a run iength limited 

. (RLL) code and, preferably,· the· shortest run length pe:mittrM in 
:i 

EFM . cc;>nti.iats of two consecutive zeros which a~ spaced bett:r~en 

1·a~ and the longest run length i.s l~tad to 10, whenin 1(1 . 

. aonaecu.t·.ive zeros may be present between ls. 

:Cf two margin bi ta are used rather than 3, the pci~aible 

· . combinat:tons of auch margin bits area. 00, 01, 10 and 11. l'i:l El'K, 

·a margir. bit etate 11 is ··pr<>hibited •. Hen9e, only three dif~;erent 

c:.ombinatlons of margin bits can be uaed to link (or aepar~;t;,,~) 

succeaai!119 aymbolas 00, 01 and 10. But,. depending upon the bit 
. . .·.{ . . . 
stream cf one or the other symbols which are linked -by the t:lli.rgin 

56 
.. ,.; 

·. .. 

-------··.__._Received Time~15. Mar.· 0:01 ____ · --·Print Time 15. Mei:. 0:41 



• 

-- '95-1213-15 01: 12 SONY FOREIGN PATENT +81354483063 
frall: Curtis1- llurri1 ll Slllari at Ill '2U:J IMH11Z 

· -- ra: nr. bllilrat• ho - Salg at • 8&118?8118135tt&Sm 

[;:~~-;-~,-<·,: ~:-··. : ... :- -
o&.... I r ~ : ... : • 

- -~PLACf.~t. -
:----:---- ~··:.::·.: ::-:- .... 

T-527 -'"";). 12/48 
I} &-13--~ 11:11-a­

~- i;af 851 

PA'PER'l' 
4501C0_;3193 

bits .. oi1e or more of these possib1e states may be_ precludett 

beo.auae tC). use .the precluded state may reau:t.t :i.n an. undea:;.r.able 

osv.· 

:rig. 24 :i.• a aohematia representation of a •atrit~g· of 

data ay:'i~bols separated by margin- bits. Each data symbol is 
. . . . 

c:om~ri&''!d of_ 14 channel bits and·; the marg;ln bits are compr.i aed of 

3 charm-~! bits. Thus ... margin bits Mi aeJ;)aratE! data aymboi" 0 1 

and D2 ; .:margin bita ·'"2 separate· data ayml:>ola D2 and DjJ marg·.~.n 
J -

bits M,, separate -ci•ta symbols D~ and D4, and ao on .. with ~·11in 

bits ~ !lleparating data symbols D111 and -0.,..1 • Nevertheless, 

as11umin•:1 that the_ 14 _ channel bits included in. a dat• symbo.l are 

provided in 14 a~cceaaive bit cell• and further aa•uming th.at the­

margin 1:1its are included in 2 -aaccessive bit cells, successive 
. . .. 

(Jata tr;~nsitions _ in-_the string_ of channel bita depicted in ,Fig;. 

24. -are -1~eparated by no leas than 2 data bit eel la and by :r~o D10re 

than _10 ~·data bit cells •. 

- A at·ring, of.· data symbols may include parity aymbc:l11, 
. . ·' 

·and F_ig., -_ 27 illuatratea a :frauie of such. aymbola beginning ui.th -. 
. : . . . . . . . . . . . . . . . 

sync-pattern of 24 bit cells. followe~ by_ 12 data. symbols (mown 

as. 14-bi:t symbols separated by 2 channel bits),. followed by 4 

parity f!ymbol_a,. followed by 12 data symbols and ending with 4 

parity ~ymbols. The : sync pattf!!trn is illustrated as a high ,_ ~ignal . . . . . . 

level ~itending for 11 bit aella followed 1>y a low signal level_ 

Pst:Pndir~g fnr 11 h_it. t!Pl lf1,. f'nl lnwfllc1 hy R hi (Jh- Ri ~nA l 1PVP1 

extendiz.,g-for 2 bit cells. -The inverae of this pattern can be 

57 
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_used. · >?ig. _27 alao depicts -the two-bit ma;rgin bits whiab -
- -

separate. aucceaaive data •ytnbo1s; and aa mentioned above, in some 

inatano-ea. certain oneEiof the three penni.tted combinations of 

margin bits cannot bf!!- uaed. Fig. ~8 schematically· repreaer;ta the­
aondit!(>na under which the mar~in bit combination_ 00 Qr thEt-

- -

margin ~it Combination 01 ·or the margin.bit combination lO-aaD119t 
: ·.· 

be used~ AB .will _described, a_ a~gnal __ known as the inhibit margfn 

bit aighal M identifies the margin bit combination which cannot 

be used., For example, vhen ~a& = 00, the mar;-in .bit _combination 

00 cannot be used. similarly,_ when ~nh = 01, the Jqargin bi.t 

combina~:.;ion 01 cannot ·be used •. And when Hinh = 10, the margin bit 

aombina~ion 10 cannot be used. 

Let it be assumed that margin bits separate dat• 

symbols Di .and D2• I.et it be- further as awned -that the numbf.':.t.• of 
_., 

oonaec:utive aeros at:the leading enq of- data symbol D2 ia 
·,~ 

' 
represented aa A and the number of zeros at-the texminatinq end 

of data symbol_ D1 i11 B. If.A+ Bis equal to or exceeds 8 

suoaessive zeros (A + B a 8) then the margin bit combinatio~:i 00 

is _inhibited (Minh = 00) • 

If the· most &1igniticant bit Cl of data s~l D2 ;;.s • 1 • 

(A = -O) \or, if the next mo.•t signifiaant bit C2 is • 1 • (A = l) or 

if the ~east-signifi9ant bit C14 of data symbol -D1 -ia •1•, the 

margin ~it oo=.ination 01 is inhibited (Minh = _01). 

- :If• the least significant bit C14 of data aymbo1 D:1. is 
'• 

•1• (B ::;: 0) or_ if the next least significant bit C13 is "1" (B = 

~IJ . _. 

=: 
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.. 1) , or if .the most signi~iO~. bit Cl of data aymbol D1 is· 11 1 •, 

tbe margin bit combination 10. ia inhibited <Mum= 10). 

The foregoing .3 conditions, are not mutually excl~sivet· 

.and ·f~ Fig •. as it ia seen that.conditions.may exiatwhicb 

.precl~ the margin bit combinations 01 and 10 (both margi~. bit 
; . . . . . 

c0nditi~ns areFecl.udedif the moat ·aigniticant bit Clo~ data 
. i 

.·symbol· ~2 is •1 • or if the lea•t signific•nt bit C14 of dat1.t 
. ;~ 

. ·a~l 1'.>1 is . "1 •).. .The number of inhibit margin bit combimltiona , 

i.a rePZ°'lSented as U.· ;If N:I = 0, all three margin bit 

combina'~i.ona may be. used. If RI • 1, one of the three marg·in bit 

pattermi ia precluded and the other two maJ be used. I:f lf.{ =· 2, 

two o:f t,he margin. bit patteZ"ns are precluded but the third· .is 
. . . .· 

permittt~d •. It. will be appreciated that RI never is three. · . 

'l'urni.ng now to Fig. 25. there is illustrated a f'li:.w 

.dhart Wl!i<.:h .r&praaenta .the manner in which a margin. bit 

combinat;ton is .selected for -insertion by a margin bit genel:-ator 

between two data symb()la. At step Sl,. the inhibited margin l:>it 

oombinat.iona are determined for .each set of margin bits Hi• lt2 

• ~ • !\, and the .number Qf :inhibited margin bi,t combination~1 RI1 , 
·1 . . . . 

· .. l1:X:2. . • • • m., likewise i.s deteJ:mined. J:t will be appreciated 

.that ~n1~ and ·NI · for eaC!h set of margin bits to be inserted 

. between 'data symbols· may .be determined from t~ conditions 

depicted in Fig. 28. 

The.flow chart then ,advances to .inquiry S2 which 
. ' 

· ~t•.rmir.·1.~a if the number of inhibited aollbinations for the ~;.1argin 

59 
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bit pattern. ··14i · ia equal to. 2. :If so, the flow chart advaneea to 

step S3 and only a single margin bit combination ca,n be selected. 

For exa::'!.ple_. if the ~at significant bit of data symbol. D
2 

.i.a 

•1•, BI::;. = 2 a.nd ~ =· 01,. 10.. Step .S3 thua peJ:mits only •rgin 

bit coml..':liriations 00 to be selected as the IQargin bit pattetn !\• 

., However, if inquicy S2 ia answered in the negatiYe,. 

then t,ro· or three different margin bit combi~tiona can be 

·· selected. . · 'l'he flow chart advance& to step S4 where the inh i.bited 

margin J;,;Lt combination ~nh for the n-th margin bit pattern ~n72) 

· ia dete~ .. 1nined. · :sut, if the numbex· of inhibited C!ombinatioJ.,.~· for 

the second margin bit. pattern is · 2,. that is, i.f R:t2 = 2,. t:n.~m the 

n~th ·Dlal',.·gin bit pattem· is construed as the cm + l)th margiJl bi.t 
": . ..:·· ... 

patte.rn._ · 'rhat is., if NI:2 = 21 only one margin bit combine.~·._;;on 

· can _be · '"~lected for. :the .ramainin_g margin bit patterns Hra. ·~•;'he 

flow ·chf';.rl then advances tQ step 85 wherein .data symbol D2 ::~a 

linked h> data. symbol D3 which is linked to data symbol D4 • • • 

to data symbol Dn -~ .the respective margin bit combinations whi.ch 

are not inhibited. 

'l'he~after; in step 86. since the m&X'gin bit patt•'1rna 

.. · ·up. to M,.; have been a~_lected, and since. the data symbols up ~o Dn 
. . 1 . . . . . . . 

are knotip, the accumulated DSV ·up to Dn is calculated. The DSV 

determirt~ for this data .•YlllbOl simply.ts added ·to the DSV which 

baa beer. accumulated from previous . data· symbols. Then, in ~step 

A"I , thP lftA rg; n hi t: {'llt:.t:.PrT\. Ml . ; R RP 1 Pt?t:.Pri AR thP pa rt; nn 1 Ar 

"=':'1'!~~!4~~ 
\• ·.: . .,· .. · . : ... . . . . ' 

~ . 
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. margin ~it aombination Which minimiaes the DSV. that is projected 

to be accumulat~ ~P t~ data symbol D11 • 
. . . 

It will ·be appreciated that atep1t S4 - S7 rely ui:,on . a 

· .PR::i•ct•d DSVJ and although the margin. bit pattern under 
. . . . . . . . , 

conaide~ation is ·margin. pattern Mi_, t~e technique for sel~ting· 

.the apPfopriate i.urgin bit combination f'or ·pattern M1 ·as ba~ . 

upon l.oOk ahead data Symbols D2 , D3 , ••.• 0 11 • Fig. 29 ia a 

graphic~l representation of the manner in which. the projec·t~ed DSV 

is accu::nulated .baaed upon n1ook. ahead" data ~ymbol.a. l'or 

simplification, it ·is assumed that m = 3, that data aymbola; D1 • 

D2 and .I~., are known, :that the accumulated DSV up to data symbol D1 

is kn~ and that margin bit pattern Hi i.s to be selected. Fig. 

29A re~aents the 14-bit data. symbol, wherein a •1° is 

represented by a tranaition and a •o• is represented by no 

tranait:i.on in the digital signal. ~he. data symbols shown i·n :&'ig. 

29Aare the aaiue data aignais used in Pigs. 29Band29C. F.ig. 

29A repl:e&ents the margin bit pattern ffi as the combination 10; 

Fig. 29f' represents the margin bit pattern M1 as the combin.;ition 

01 and Jr'ig. 29C represents the marg;i.n bit pattern I\ as the . 

·combinat:ion 00. :Ct ia, assumed that RI1 = 0,. meaning that the.re 
. . 

are· no. ~nhibitE!d' margin bit c::ombinations for margin' bit pati::ern 

M. rt iB further.aaawned that the least significant bit of a 

data aymhol. ia represented ae •cwu,. 11 and CWLL = O in each o:t data· 

symbols IJ1 , D~ aric:i i>3·• · Furthermore,. baaed upon the. most· 

aign.:i,fic.ant bit, of data symbol, D~, margin bit combinations {.1 and 

.. 

_( .i o ,' • : I•~ : 
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· 10 are ±.nhibited (see Fig. 28) and NJ:2 = 2. Finally. baaed upon 

.. ··the bit stream of. the trailing end of data. •ymbol O;t and t.hie bit 
I • ' • 

·stream ~t the leading end· of data symbol D4 ,. m.rgin bit 

combimltion 00 is inhibited for M, (see F:i.g .• 28) and l!il:J:;, = l. .. 
Fig. · 29D illustrates the accumulated osv that is 

.. 
obtained up to the end of data symbol D_, if ~ · = o. if Hi. = 01 and 

:i;f Mi = oo. :J,"n particular,. curve a of Fig. 290 illustrates the 

accumulated DSV when Hi·.;;; 10f curve b represents the acc:umu1ated 

DSV. whe11 M1 = 011 ·.and curve. c :rel>resents the· accumulated OS1F when 

I\ = 00. J:t is ae.en that at the end -of dcita symbol 02 , OSV :-= 3 

if Hi = ~o· DSV ·= .1 if "Mi; = 01• and osv = -5 if Ni =· 00. 'l'h\,ls,. to 

minimi.a~the aoou.mul.ated DSV,. the.margin bit combination Ol. 
ahou,ld P;e selected for margin bit pattern .Hi. But,. if the 1 .. ·;1:i:gi.n 

b,it coml:;·ination 01 ia selected, the accumulated DSV at the . :end of 

: data s~J,,ol D;, is seen to be .osv = -5. - tJn the other hand, .~i.:f the 

margin l-'it . co~ination 00 had been ael_ected _ for the _margin •:.it 

· pattern Mi, -the accumulated .nsv at the end of. data symbo1 D~ ia 

OSV = lr It is appreciated then,. that if the projected DSV is 

examined, the . particular margin bit combination that ia ael>if!ated · 
.· . ~ 

.for margin bit pattern .I\ differs ~rom the margin bit combir•tion 

that woi:i'ld be selected if the projected DSV ia not examined.A 

Fig. 26 is a bloc~ diaqram of margin bit seleatich1 

apparat\."'.fl in whic;h the margin bit combination for margin bi"; · 

pattern iii is .detexmined bY looking ahead by up .to m data 

·&ymbole, where.• == 4. Thus, the accumulated· DSV up to .the end of 

_________ f 
~ . . .• 

I o ,\" '11 •"1 'I fo" 
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data symbol.D5 is calculated. Input terminal. 10 in Pig. 26 is 

.supplied with 32 successive bytes that have been ECC encoded, and 

these bytes are used to read out 14-bit symbols from a com."'eraion 

·table ti stored aa .. a ROM. · successive 14-bit ay~la are .::oupled 

to an a~der 13 which adds_ a _pseudo frame sync: signal to thcs:· 

aucc:esa;.~ve data a~la, _the pseudo frame sync: signal s 1£ 

(•1XJCCL"'ICCXXXXX10") being added to the leading p~rtion of e-v=h 
sync frj·.~:me. The pseudo· frame. sync signal serves to •resen'-;1" a 

·. location in which the actual frame sync I>attern . is inaertet!i., as . 

.. will ·be described. 

successive. data symbols are coupled to registers '°i4-17 

wherein ;each data. symbol is stored. "!'bus, reg-~ater 17 ato.:?"-~s 
·' data ayzhbol D1 , register 16 stores clata eymbol D2 , register -15 

stores ~ata aymbol D3 , register 14 stoxea data aymbol D4 an<::1 

adder 1:~ now ·supplies data symbol D5 to ·the input of registf=r 14. 

Data s~la D4 and 0 5 are ·ao1lpled to disoriminat.or 30 whiat'° 

exam:.i,;nev these dat• symbols to determ.i,ne if any of the bit 

pattern1, -there~n correspond to those shown in Fi9. 28. D~ncling 

upon th~. sensed bit patterns. discriminator 30 generates ~:b~ · 

inhibit ,margin bit aig_nal MLnb ·which . preeludea certain ma.rgi 'l bit 

c0mbina1;ions f'rom margin bit pattern M..• . The inhibit margiri b.it 

signal· p.roduced by the _discriminator ia comprised of 3 bitu and 

is ident'.ified as the mai::gin bit inhibit signal sin~· A •1•. in 

the :fir'1't bit position of. SiftM inhibits the margin bit 
; 

combination 10. a •1• in the aeeond bit position of sinhC inb.ibita 
, 

. fP.5,'9111/llH\.~p 
..... '.! .. ~:: .'·.::~ ··.~· . ~ . . 

... ·, . 
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the margin bit co~ination 01 and a •1• in the thi~d bit position 

of s:l.nh4 ,inh,:Lbita the margin bit combinatiOn 00. As ·an ~amp;J..e, 

if only: :the. margin bit c~ination oo is a .. pexmi~ted margin bit 

pattern~ margin .bit inhibit. signal s1~ is represented aa •110•. 

'l'he output . of register. 17 is .coupled t<> a frame s:vna 

~onverter 18. which converts the ~14-bit pseudo. frame sync s:i gnal 
. . . . . . 

s 1
f to ~ 24"."'bit franae sync signal Sf. This 24-bit frame ayno 

.signal· sf ia coupled to parallel-to-aerial register 19. Those 

data. aynibols D1 • D2 ~ '." •· • which are supplied suocaaaivaly to 

frame s:rnc converter 18 are .nc>t modified th,ereby and are supplied 

aa ia. ·*hat is, in their 14-bit confi9'iration, ·to the paraiiel­

to-'"aerial register. Register 19 comrerta _those· bits. which are · 

·supplied- thereto in parallel to. aerial output form.. :en a~ition. 

after a 14-bit .data.symbol is serially read out of the register, 

.a 2-bit margi~ patternprcduc~d by a margin bit generato.r·so is 

aeriall, read out of· the.register. Parallel-to•serial ~gieter 

. 19 is clocked with a channel bit clock having a frequency of. 

24.4314 'EB· •uah that ·the seria1· bit output rate of regist~'r 19. 

is 24 .4314 Mbps.· ·These serial bits are modulated by an D1U: 
t 

. modul-atOr 20 and coupled to an_ output. 21 for ncording. 

The modulated !lRII serial bits also are fed back ·to a 

DSV' integrator 40 which integrates the: DC component of suoll 

serial l">its. ·The .DSV integrator thus accumulates the DSV of the 

. data symbol a and margin bit patterns. . 

~~~·~~~~~:~~ . . . .. .~ ,,, . . . . 
i/ .. 

• o I' 
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'"8rgin bit genez:ator 50 functions in accordance 1rith 

the fl~ c:hart abown·in Fig. 25 to effect the. oper-ation 
; 

illustr~ted by the wavefoaus of l'iga. 29A-29D. It is 
. .~ 

~ . . 

appreci~ted, .then,. that the ·margin bit generator 50 may be·a 

digita1 aigna1.processor .. an aritbllletic logic unit or a 

microprocessor programmed in accordance witb the flow chart. of 

Pig. 25., Thus,. the appropriate margin bit. combination is 

. aelecte~ in oJ;der to minimize the- accumulated DSV will obt~in aa 
. . . 

a result; of·m subsequent; data symbols. 

r · . The foregoing has described an Ei'M technique in -..~1ich a 

~rgin tit·. pattern ia inserted between aucceeaive 14-bit d .. ;,\ta 
:~ 

s~1a~ As a result, each 8-b~t byte is converted into a 14-bit 

c5ata ay~&bol plus a 2•bit margin pattern. A preferred embo:::t.ment 

·of an 8--to-i6 modulator which eliminates the . generation of · :margin 

bit pat'!:;erna, which IJl,inimiisea tlJ,e . accWn.ul.ated osv and . whicl-.i: i.s .. 

constrained to run length l.imited (2, 10). aoda now.will. be 

desqr~d. Referring to Fig~ 30, a plurality of •fundamental 

convers~on tables a.re p,r:ovided ~ for example, four oonveraic .n . 
" 

tables ~1 , T2 , T,, and 11 ••. Each fundamental table is comprist:d>of · 

two separate tables,· identi.fiSd by the aubaoripta a and b, ~ne of 

.which converts an 8,;.bit byt~ into a 16-bit symbol having pel'itive 

.DSV and the other converting the same 8~bit byte i~to a 16··~:•it 

. symbol having_. negative DSV • 

. The tablea are categorized as follows; if the. la~t ·bit 
'. 

of the ~~iately pz:eceding 16-bit symbol ends as a "1" o:t if 
; 

~j 

&095.1111/.911.tlPP . 6 5 
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the next 16-

bit a~ol is selected from ta):)le '1'111 ~r table '1'1b, depanc!.:i.n.g upon 

whether=( it ia _desirable ·that tl\ia next aelecteci 16-bit a~,ol 

· ezhibit a poaiti°" .DSV (thus c-.lling_ for table '1'1.> or a neqative 

· DSV (th1Ja calling .for table T:u,l• 

If. the i.Jllm.ediately pre.ceding 16-bit aymbol ends ~ith 

two, th::-f;!e or four auqcessive Os, the next-following 16-bit 

symbol is selected from either table T2 (that is, from eitt1~r 

table· '1'1• or t~ble 'l'a) or from table T3 (that is, from. table T3a 
1 

or tabl~ T311). 

J:f the immediately preceding 16-bit symbol ends w}..;th 

ai.X, aeven or eight successive Os, the next-.folloWing 16-bi:t. 

symbol ;~.a selected from table T4 • 

'l'he· first· 16-bit aymbol· ·that ·is generated immedil·tely 

followi~g a frame sync patt:ern is 1_1el~ted from table T1 • · 

· The 16~bit aymt>oia produced from tables T2 and T_, 

differ ~rom aach other in tbe followipg important respectp,~ all 
i 

16-bit ~ynibols read from table T2 i.nclude a •o• aa the firt:,~; bit 

and a •o• as tt&e thirteenth.bit. 

All 16-bit symbols read from table . T1 include a " .;. " aa 

the firf-1;t or thirteenth bit· or a 111 1 11 as both the first and 

thirteenth bit. 

:tn the 8-to-16 conversion scheme ·used with the pl~aaent 

inventi(}n. ·it ia possible that the ~i:y same· 16~bit symbol JKY be 

generat~d in response to two different. 8-bit bytes.. HoweVtt 1.·. 
"· 

~!'i-.~,t~·'r 
... ••• •• ,4 : •••• 

. Ci6 
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when th~ lo-bit a~ol representative of one of theae bytef is 

produced., the next-fol.I.owing 16-bit symbol is produced. fron( table 

T
2

, whe:r.':eas when the 16-bit symbol· representative of the other 
. . . 

byte is p~aced, the next-following 16,;..bit symbol is prod~,qed 

. f~m t~:l-1e T3 • :tt is appreciated -that, ·by. recognizing the. 'i;;abl.e 

fr0m which the next-following 15-bit symbol is produced, 

discrimination between the two bytes which,. nevertheless, a.re 

converted into the same 16-bit symbol may be z:aadily achined. 
·~ ... 
j· 

For e:xa.mple, let it_ be aaswned that an 8-bit bytfi 
'j 

having ~he value 10 and an 8-bit byte having the value 20 both 

are converted to the same ·16-bit symbol OOlOOQ0100100100 fr:.Pm . . . ~· 

table T2 • But, when this 16•b:Lt symbol represents the byt• 

having t:he value 10, .the next""'!following 16-bit symbol is pz::.>duoed 

·from ta~le '1'2 , ·whereas when the ciforeno1;~ 15-bit ·a~mbol 

represerita the byte.having the value 20, the next-following. 16..; 

bit sJ'lllllol ia produ.ced from tabl.e T 3 • ~en the symbol 

001ooooioo100.100 ia: demodulated, it cannot be determined 
. . . . . 

immed~~ely if this symbol represents. the byte having the va1ue 

10 or th• byte having the value 20. But, when the next-following 

16-bit ~Ym.oo1 is examined, it is aonelu.ded that the preeedi.•1g 

aymbo1001000()100100100 repreaents the byte 10 if the next-· 

, ·. followi1':.g .. sym,bol is· from .table. T2 , and represents the ·byte t.'.\aving . . . . . . . 

the val\Xe 20 if the next-fol;L0wing symbol is from .table T 
3

•. . 'i'o 

datarmiri,e whether .the n•xt-following 16-bit symbol is from ~able 
. ·!. 

. ~· 

T2 or tahle T~, the demodulator merely needs to examine the first 

nir. n.1ui• 11•• .· -,-:'.,.,,,...,.,.. f~~ ~ .. ·1.·" t. t."·:.... • .... : . . '. ~ 
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Table 'f
8

. (for. exampl.e, table '1' 1~) includes 16-bit 
. . : . 

·symbol• having- a DSV.whiah increases.in the positive direction. 

conversely, the 16...;bit symbols which ar'1!!·&tored in ·"t:able 'l'b have 

·. a DSV whi.ch increases· in the negative. direction. As an e~mple, 

if the 'ralue of an S•bit byte ia less than 64, this ·byte i., 

c:onvert8.d into a. 16-bit symbol having a relatively large DSV • 

. Convers~ly,, :l.f the value. of. the . 8-bit bj'te ia 64 or more, thia 

~e ia 'iconve.rted into a 16-bit aymbo1 having a small DSV. Those 

16•bit 11,P.lbols whiah are stored in table 'l'a have positive D$V .and 
. . •' . . . 

thoa~ 16-bit symbols .wh_ich are stored in table 'l'lill have negaif ive 

DSV. 'l'l--,1a, an inPit byte is converted into a 16-bit symbol . 

having.s-:oaitive or.negative DSV, depending upon which tabl~ is 

. selected for conversion, and the value of the DSV is large or 

small, qepending upon the vaiue of the input byte that ia . . ..J . 

converte~d. 

The .tables .Ti•' T11., • • • T4 .. , T4b in Fig,. 30 may bf::; 

constructed aa.ROMe 62-69. An i~put to be converted is auppl.ied 

from an·;i.nput terminal 61 in common to ea~h of theae ROM&. The 

pair of tables T •• Tb of ci fundamental table are coupled to •'1 . 

. selectoz .switch which selects-one or the other table to havo read 

out therefrom· the 16-b.i~ symbol which corresponds to the inftat 

byte read out·therafroJll. Aa shown, selector switch 71 

aeleativ4il' couple• the output from table '1'1. or table -r, .. to an 

~·ID,(~~~h~~~· 1$8 
·!. '.'.. .. ....... ,,; 
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input xi·of an output switch 75. Similarly, switch 72 

ael.ecti~ely couples table T 2 •. or table '1' a to an inpl.Jt x2 of 

aWitch 'IS. ·Switch 73 selectively couples table T_,. ·or tabl« '1'aa. 

to input: .x3 of· switch 75"! switch 74 selectively a<>.uples ta·~,le 

'1' ... or table '1'4b to input x4 of switch 75. Output switch 75 

selectivel,y couples one of ita inputs :xl-x4 to an output 'bnlninal 

78 unde~ the aontrol of a table selector 76. Selector switches 

7.1-74 a~leat either table Ta or table Ta. under the control .;if a 

DSV ~alc~ulator 77. . 'l'he 16•bit symbol which ultilJlately ia 

supplie6: to output 78 also is coupled to the table selector and 
. . 

·to the tisv calculator. as illustrated• 

~able selector 76 senses the ending- bits of the 1,6-bit 

symbol. i..;upplied from switch ·7~ to output terminal 78 to det:~rmine 

whether fundamental table 'l'1 , T2 • T3 .or T4 should be aelect~O.,. in 

.. acaordan~ with the t&Qle selecting conditions discussed ~4';>ve. 

It is a~preciated that the table .selector thus controls swi1;ch 75 

to seledt the 16-bit ayznb~l read 

.table. ·. f.'i'or ~le.· if .it is assumed that the 16-bit symbcu. 

euppliec·~ to output .terminal· 78 enda with six, seven or eigh·:.: 

successive oa. switch 75 is controlled.by the table selector to 

couple ita input x4 to the output terminal such· that the nei~"Ct­

followir:~J 16•bit symbol is read· from fundamental table '1'4 • :osv 
calculat-.~r 77 calculates the accumulated osv. which is upt'.~:;ed in 

reapona& to each 16-bit symbol supplied to· output te1:1Dinal '8 • 

. :Cf the n;;.v incre•aes in the positive direction. DSV calcuia:~:;or 77 

69 
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controls selecitor switches ?1-74 to couple the outputs from. their 

respecti:ve tables Tb. conversely, if the accum.ulated DSV i~ 

calculated to. increase in the negative clireation, selector 

switchea ·71•74 are controlled by the ~sv calculator to cou:i;;•le the 

outputs from their respectivel.y tables 'r11 • It is expected, 

therefol:'~, that if the preceding .. 16-bit symbol exhibits a laz::ger · 

negative nsv, switches 71•74 are controlled to select the r::·~t 

16.;.b:i,.t uym.bolha,,ing a positive DSV; and the. particular table 
"•i 

.. from whir-h thia next 16-bit symbol. is read is det._rmined b!r table · 

selector:.76. ·'l'hue, the accumulated DSV is.seen to approach. and 

oscillat.J~ $bout o. 
~ example of a 16.:.to-8 bit converter, that is, a 

demoduliltor compatible with the a-to-16 bit ~ulator of Fi.'3• 30, 

·.is illuatr.ated in l'ig •. 31. Here. tabtea are used to carry _,:.;)Ut an 

inverse '.aonveraion .from 16-bit symbols ·to 8•bit bytes anQ iLICh 

\ . . . 

tables ~re Wentified as tables J:T1 ... I".1'2 ... · IT1 and I'l'4• These 

tables 11.";ay be stored in ROMs 84, 85, 8«5 a:rid 87. It ia expeoted · 

that eat~h 8-bit byte read from a table corresponds to two l. S·bii: 

s;ymbola,. one having poa?.,tive DSV and· the other exhibiting 

negativE.~. DSV. Alternatively, if the 16~bit symbol is used as a 

read address, each 8-bit byte stored in a table may have two read 

addreaae:s. Stated othez:wiae, each 8-bit byte .may be eto~' in 

tt.ro sel)C\rate read address locatio:p.s. 

! An input tendnal · Sl . ia . eupplied with a 16-bit symbol, 

and thi.11 symbol is at.orad temporarily in a ·register 82 and ·~:hen 

. 8095.UR/lllJ.,APP 70 
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.coupled' in oO-.on to inverse conversion tables :C'l'j- l:T41 • :Cn 

addition, a table aeleai:or 83 ia coup·led to input te:.cninal 81 and 

to the •;)Utput Of. :r:;egiater 82 · 80 that . it is auppiied concurrently 

with the presently received 16-bit symbol and the immediately 

preceding·16-bit symbol. ,Alternatively,· table selector 83.may be 

thought of .aa being supplied with the presently received lG.•bit 

symbol (-frqm the output of register 82) and the next-following 

ltS-bit symbol •. The table aelector·is couple~ to an output 

aeleatoz.· switch 88 which coupies to output terminal 89 eith:.er 

oonveraion table :CT1 or conversion table J:'1'2 or conversion table 

.. J:T_, or ·c~onveraion table I'l'4 • 

The manner in.which table selector 83 operates now will 

be deaci:-i.bed. Aa mentionecf •bove, the first symbol that ig 

prQidace~ immediately following the frame ayna pattern.· is ~E:·i.d 
. . : . . . . 

· ;from co"'-version table .!111 in Fig. 30 ~ 'fable eelector 83 thus 
. ' ' 

operateA to detect the frame_ sync pattern ~o as to oontrol output 

.switch ll8 to couple-table Ii\ to.output tanninal 89. 

If, a11 mentioned above, a 16-bit symbol •Y represent 

one or i.;he other of two different a~bit bytes, table eeleat;·~r 83 

aenaea whether the next-following 16-bit symbol, as supplieO. 

thereto from input tel:lllinal 81, ia from. conversion table .T~., ~r 

. conversion table '1'_,~. This de~ermination is made by exalni.r.i:i::19. the 

first a1~d th:Lrteenth bits qf auah next-following US-bit aym)ol. 

:If the "t-able selector aenaas that the next-following l 6-bi1; 

symbol :i,.s from table !1'2 , output .-witch 88 is auitabl.y contrc;,llad 

________ :_Received Time ___ l5. Mar. 0:01 ___ Print Time __ l5 .. Ma '. 0:39 __ _.;.:_ __ · __ : 
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to aelS"Jt :the invera~ conversion tab1e which converts the. 16;.bit 

symbo1 presently· provided at the output_ of ·register 82 to its 

proper ~l-bit byte. A similar operation ia carried ou.t when table 

selector 8~ senses that the next-following 16-bit symbol had been 

read frum convera~n table T3 in Fig. 30. 

The present invention converta an 8-bit byte into a 16-
.. 

bit symbol, whereas the prior art co:nvert:a an 8-bit byte into a 

14-bit ~ymbol and inserts three margin bits between aucceae.ive 

·symbols.. eonseqtiently, since the present invention uses only 16 

bits in its bit !Stream as COlllPared to the prior art use o.f 17 

·.·bite, th.e modulation technique of the present invention ren-alts 

in an effective. reduation in data of 16/17, or about 61. 

·While the present invention is particularly applicable 

to a CD·~ROM on which computer data. video data, a aombinat;:iJn of 

video arid audio data or computer files. may be recorded,. thL-1 

inventic;:,,~ is particularly useful in recording and reproduc:Lng 

digital video discs (DVD) on which video data and its aasoc1 ~ated 

audio di~ta are recorded. Such data is _compressed in accord1nce 

with the HPBG atandardp and when compressed video data is 

recordeC: on the disc, the subcode information incllolded in eM:h 

seetor header (Fig. 10) includes a. aubcode address having t~~e 

value 3 or the value 4 with .the resultant aubeode field app'!aring 

as shOwr..: in Piglil., llD or ll:S. . If the •ubcode address value is 3. 

· the user data . recorded in the sector confo:r:ma. to the atandi·~: :-d :ISO 

11172""2 (llPBG 1) or J:SO 13818-2 (MPEG 2). Data that is rec.1.•.rded 
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in the subcode field, as shown in Fig. llD, represents the 

difference between the address.· of the · aector which contains this 

subcode and the lead-sector· in which the previoua I.picturE or 

next-following J:·picture is recorded. It is expected.that .an :r 

· picture (that is;, an intraframe encoded pic~ure, as mentioned 

previou,.ly) is recorded in two or more sectors. Of course., each 

aector inc.ludes a header. However, the distance data ~ic:h is 

recorded -in the subaode ·field she>Wn in Fig. 11D represents ·~he 

di•tallCf.~ to the lead, or first sector in which .the previou1l :I 

pict:ure or next-following I picture is recorded. If an :I p:icture­

ia reoox"ded partially in one sector and partially in anothtJ':t", the 

sector header of the •other• sector includes 0 data to repi;.'laent 

the pre1:'. :i.ous J: distance and the next I distan,ce in Fig. 1 u: , . 

That ia, .. ~he previous I di11tance and the next I distance .al.ft!· o. · 
If the aubcode add.res& value is 4, the aubcode :1.:i.eld 

app!ara .a.a. shown in :rig. llE and, as 111Sntioned above, the picture 

type .dat.ti indicates whether .the video ~ata that is recorded in 

c:ompreat:ftd form in this secto::: is I, P ·or B picture data au"' the 

temporal, reference data indica,tea the location in the sequEmce of 

pictureei in which this particular video picture is diapqaed~ 'l'he 

sector· j~n which an I, P or JJ picture first is recorded is 

referrec1 to as an _I, ·p or B sector, respectively, even if ~r:.ic}i I, 

P or B 5;icture data is recorded in a. trailing portion of th,At 

sector, whil.e other picture . data ia recorded · i.n a 1eading [J-Qrtion 

thereof. 

~~·~~~l~:~~ 
: " . . . ·. .· 

' : 

';·,. 
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Fig. 32 is a block: diagram of compression apparatus 

... which i1=J used to supply . to input terminal 121 of Fig. 1 MPFG 

c011lpresaed ·videQ. .data..,_V'ideo. information ... a~pplied as.. for 

example, analog lwni.nanoe CY) and· c.olor difference (R-Y and B-Y) 

.aignals:are digitized by an analog-to-digital converter 101 and 
. . 

com.pJ;'e&l!fed in aceordance with the MPBG compression system by 
. l . . . . . 

video ac;impresaion circuitry 102. The compression system. may be 

consistent with the MPEG ... ~ standard (:CSO 11172-2) or the MPEG-2 

sta~rc:t. (rso 13818-2). .The compressed video data is· stored. in a 

buffer :r·1em0ry 103 from which it is supplied to • multiplexer;.:- 107 

for multiplexing with other data (soon to be described) whiph 

.then is input to. input tenninal 121 (Fig. 1). Information 

related to the compressed video da.ta stored in buffer memor:lr 103 

. is auppl;ied to ayatam control.ler 110, this i~foJ:mation Joein9 

indieatl.ve of·, ·for ex.mple, whether the compressed video ~i:a 

cor.r:ea~nds to· an ·x, P or B pictu:re, the teJRporal sequence :.;;f 

. . 

display pictures i.n whiC:h this compressed video. picture ia 

located, . time code representing the. time of receipt or time of 

recording of the video data.. ate. The information derived from · · 

~he sto~ed, compressed video data and supplied· to the ayate.~n 

controller ~ •. used to generate aubcode. information that ia 

reaorde& in the -sector heacler. It i1;1 recalled from Fig. 1 -t;hat 

this information -is supplied from system controller 110 to :r&eator 

header encoder 129 for insertion into.· the seater header of the 

user.data. 

74 . 

. . 
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AUdio signals, 11uch. as. analog left-channel and right­

channel signals Land R·are digitiz~ by an analog-to-digital 

conve~;:er 104 and, compressed ~n an analog data compression 

.·circuit 105. . Thia compression cirauit ·ma~ operate in accordance 

~itb the Adaptive Transfoxm Acouatic Coding teahnWue (known Ct.• 

ATRAC)\consiatent with MPEG•l audio compression or !!PEa-2 audio 

compreaeion standards. ·It is appreciated that this MRAC 

technique presently is used to compress audio infonuation. in 

- -z:ecord.ing the medium known as the •Mini Di.so• developed by .Sony 

Corporation. The compressed audio data .is supplied from 

aompreaaion circuit 105 to an audio b~~fer memory 106 from which 

itsut>aequently is coupled to a multiplexor-107 for multi:;-lexing 

with. the compressed video data •. Alternatively,. compreasi.;.>n 
, I , , 

circuS~'!: .105 can be omitted·- and the digitized audi.o data a11n -be 

~uppl:~ad directly to a buffer memory .106 as,. for example,. a 16-

bit PCM encoded eignal_. aeleotive information stored in the 

··audio buffer memo.r:y is coupled to_- the system controller lE··;.r use 

in ger\e!rating the aubcode·infonnation that is recorded i~ the 

. aeotoz· header. · 

Additional information,._ icientified. in Fig. 32 aa .sub­

infQrmation, incluciingcha~acter, c=puter,. graphic. and U'Usica.l 

instrs.unent for digital interface data (MIDI) also ia coupled to 

-multi?lexor 107. 

Title data is generated by· a ·character generatc·r 111 

whicbn for example,. may be of conventional construction. ~he 

75 
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title clata is identified aa .fill data ~md key data and i• · 

_com.pressed by a> compraasion circuit 112 which encodes the title 

ciata.· in variable run length coding.·. The compressed title data is 
J 

coupled multiplexor 107 for aubseqaent application.to the input 

terminal 121 shown in Pig. 1. · 

Preferably, multiplexor 107 multiplexes the compres•ect 

video, audio·and title data, togetner with the aub-informmtion, 

in acc"l'~'rdance with the MPBG-1 or MPEG-2 stanQard, as may l::e 

desired. The outpu1; of the mltiplexor is. coupled to. inp·ct 

termirr . .al 121 of Fig. 1 whereat the multiplexed data is EC·t-; 

encOded, modulated and recorded. on diac 100. 

Fig. 33 ·i• • .. blOQk diagram of circuit:cy .for· R!;«nering 
~~ · . 

. , 
the v~deo, audio, title and sub-information data -that had ·been· 

recorded on disc 100 and that. bad been reproduced from th.:,~ disc 

by. thf'• playback. apparatua shown in Pig .. 2. The input to ·the data 

recov«a:cy .. circuit shown. in· Fig. 33 is output tez:minal · 224 ,,.f Fig. 

2. Thia terminal is coupled to a dem.ultiplexor 248 which 

demultiplexes the aforedeacribed 1'1.\"1ltiplexed video,. audic and 

title data as well as the aub•information. The. d~ultipl.:1;xor 

opera~.ea . in aecord~nce with . the MPEG-1 or MPBG-2 standare' I . aa. may 
be de:;Jired, to separate the compressed video data, the cc·mp.z-eaaed 

audic data, the compressed tit.:Le data and the sub-inform!i1;ion. 

~he Ct:')mpreeeed video data· fll stored .in a l:>Uffer memo:r:y 2.t 9 . from 

which it is ex:pand,ed in e~anaion circuit 250, processed :-n a 

post i>rocesaor 256, fo~ ex.ample, as may be needed to comaal 

76 
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aonver!;er 251. · Expansion circuit 250 operates in accordari.oe with 

·the MP$G-1 or MPBB-2 standard such that the original video 

informt.~tion is rece>Verad. 

POat processor 256 also is adapted to auperimpose 

graphi-::=al title information on the recovered video data, as will 

. be described below, suah that the recovered title data ma~· be 

suitably displayed, as by superposition on a _video picture • 

. The separated audio data is supplied from demultiplexer 

248to an audio buffer memo.ey 252 from which it is expand.ad-in an 

·· expan.:ion circuit 253 and reconva.rted. to analog · form by digital­

to.;;.anallog. corivartor· 254. :Expansion circuit 253 operates in 

accordance with .the MPEG-1 or MPEG-2 or mini diac standar·J, aa 

may DEl desired. · . :If the audio data that is recorded on di'!C 100 

has n"~ been com~reased, expansion Qircuit 253 may be omi.l:ted or 

bJpas~. 

AB depicted in Fig. 33, the sub-information sep-11.rated 

by demultiplexer 248 is supplim as ·a. direct output ai~:~, 
. . 

c:onai~tent with therep:reaentation shown in Fig. 32 wherein aueh 

aubinformation ia not.processed prior to being supplied to 

·mu1til:i)lexor 107 and no proeessing subsequent to demultiplexer 248 

is ilJ.ustrated. 

The separated title data is applied to title buffer 

memory 233 from demultiplexer 248 from which the tit.le df..ta is 

·dec:~ad by ·a ··title deaoder 260 that operates in a manner inverse 

77 
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to the operation of compression circuit 112 (Fig. 32). That ia, 

dec:oder.260 may.carr:y out an inverse variable length decoding. 

operation.. The decoded. title data is. supplied to poat p::-t.1aessor 

256 fo~ supe~aition. ·onto· the video information that haa been 

played·baok froin the optical diac. 

Demultiplexor·24a monitors the remaining capacities of 

but'fer memories 249, 252 and 233 to sense when these memories are 

relatively empty or filled. The. purpose of monitoring th::i 

remaining capacities of the buffer memories is to as.sµre that 

data overflew therein does not oocur. 

System controller 230.and uaar interface 231 of Fig. 33 

are the same as system. controller 230 and user interface 231 in 

. Fig. 2 • 

The present invention finds partiCular •PP1iaation with 

a digital video disk· (DVD) wherein the user information .r:ec.orded. 

·in th°' program are_a shown in, for example, Fige ~ . 1-7, inc:'·ludes 

video and audio aa well as file data. the latter being ueeful ~or 

~pu~-r applicatio~a. Fig. 34 is a aehematio represent«•tion of 

a gen~ral form.of an optical disk that can be used both as a DVD 

and as a CD-ROM, with .the video data being recorded aa "c~haptez:oa• 

and~. in the preferred embodiment .• -.each chapter being recorded in 

· a res'?f!Ctive track. In addition to the usual TOC info.rmt.tion, 

the cptical disk schematically represented in Figa. 34 iF 

prov:l·:ied with an application TOC re~ion diapoaad in the nrogram 

area .. -and Qont-.ining application table of content-. (A'l'OC) 
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···information that relates to the recorded chapters of video data. 

Aa Jnenti,oned.above,.the video data is recorded as, for 

exampi;a, MPBG-coaipresaed video datat and at the present ·c:i.Jne, two 

different MPEG fo.aa&ts are used .to: compress video data, nQlnely · .. 

MPEG• l and .MPEG-2 techniques. It is not unrea.sonable to <.~pect 

that sti.11 further video compression techniques will be adopted• 

and s\.1ch ·additional techniques may ·be identitied as MPEG--'3' HPEG- . 

4, etc. · Likewiael ·the aµdio dat• which accompanies video · 

programming may be compressed in accorda,noe with the MPEG-1 or 

MPBG-2, formats' and hexe too, it ia reasonable to expect ·that 

. still further audio compression techniques will be developed. AB 

will b8 described below, the ATOC information identifies 

predeterm.ined parameters of the MPEG-aompressed video daf: s. and 

the cc,apresaed audio d~ta recorded in the respective chap.;;ers• 

and ar.1eh A'l'OC information accommodates the possibility tl'. at the 

.audio data need not be compressed but· simply may be PCM-tr.needed. 

·AB used herein, the expression "com.pressed audio data• ia· 

intended. to .refer to a~io data that has been either com, .. 1:eased 

in ae~-ordanae with· an MPEG (or. other developed) fo:cmat ox audio 

data ~hat aimp1y·ia PCM-encoded. 

Prom Fig. 32, it is seen that the user informat:ion 

recorded on the disk and,. thus, the. uaar information. rec:N:"ded in 

respec:tive Chapters, is multiplexed from a stream of .vidt:!O data, 

. a stream of audio data and a . stream ~f titl.e information, A 

chapter may contain compreaaed video data only or a com~·:":.1ation 

79 
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of multiplexed compressed video and compressed .audio data,. or a 

oombi~tion of multiplexed compressed video ~ata, compr••~~d 

aUdio data and title data •. !'he ATOC information serves t~ 

identi.fy, for. each chapter, the number, of "streams" of data that 

· have tit~en nu.il. tiplexed to form the chapter. each stream type and 

the pEi~-tiaular format used to encode each. stream. 

The ATOC information also includes data which 

identif_ies. each chapter ·by, . for example, the name of that chapter 

(whicl) may be assigned by themanufaoturer of the disk: to 

ident;i.fy different v_ideo programs) , the locations of the 

reapec:tive chapters (that is, the tracks in which the ch11pters. 

are rr~orded) and the categozy of. the programming incluQc-,d ·in 

that (.:bapter (for ex~ple, the vid~o program may be a moyie, a 

music ·video. so-called •karaoke•, •sport video, a drama, etc.). 

Still. further, since the video data recorded ir,; a 

chapter is · assumed to be compressed in accordance with ar.'. MPBG 

format, further info.r:mation-relating to MPEG-compreseed pictures 

are included in the. A'l'OC information. l'or example .. the .!-''.PEG 

· ~enurt:··may comprese··video-.pietnu:es--so aa to produce intrvf.reme · 

80 
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encodecl picture data or predictively encoded picture data. as 

mentior1ed above. Because of the partictalar charaateriatiua of 

-such intraf'rame enQoded·picture data. a video picture of 

reasonably good quality can be -readily ~overed therefroriip and 

~e lc1.~ationa of such •t-pic~ures" recorded- in each ahapt;;:~r are 

identj.f.ied in the ATOC infoDDation. Such I-pic:::ture locations are 

know t>s •entry peinta 0 t and .the entry point data included in the 

A'l'OC ~nformation ·may be used to rapid1y access and display 

repre..antative- chapter pictures so as to permit a user f;o ·play 

back d deaired ehapter or portion thereof. 

:r.n Fig. • 34. the _ app1ication TOC -region is illus·t:rated 

ae be·\.ng recorded in the first track of the program are~; but it 

"will :1:>e appreciai;ed. that any predetermined track in the' r:r:ogram 

-area ean :be assigned to tbis region. Pig. 34 also illus'lrates 

the rffording_of eac:h cha~er _in a single t;rac:kp but it js 

- · conte"platad that a chapter may be recorded in a plurality of 

tracklJ. Preferably, ·however. 119t more than one chapter i.a 
. ' . 

recor~ in a given traok. Also. f'or convenience, the chapters 

are sbc>wn to be recorded- in sequence (that is, if only 01.ie 

chapter is rec:omed in·one- track, each track c:ontains the- next­

higher chapter number), but suah ·sequential recording of chapters 

ia not-necesaa:r:y. -Of course, it is imp0rtant that each chapter 

be uniquely identified. and it ia helpful if there is a direct 
- -

·cor:re'.~p0ndence (e.g.~ one-to-one) between a particular chapter 

and tAe traoJc in which that chapter is recorded. Thus, :-: desired 

8095.- 'llH.an 81 
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.chapter.can.be rapidly accessed for·playback simply by aoanning 

the disk for the.particular track in whicn that chapter is 
. ' 

rec9rded and then scanning that track either for the begi1~ning of 

the .ch~pter or for any desired entry point therein. 

:rt: should be noted here that when the user infonnation 

ia recorded as chapters of MPEG-compressed video data and 

compre11ae4 audio d.-ta on a DVD, each sector in a chapter may be 
.. 

. of the type shown in Fig. lOA or 108, and the aubcode field 
. . ·. . . 

·. included ·in each sector header may inc+ucie the informati~n 
-

.diacu1~aed abQve in conjunction with Figs. 1-lC•llE. 

Fig. 35 ·represents the. app1·ication 'l'OC region and 

proviuea a preferred embodiment ·of. the structure· of the :n:tioc 

information. recorded therein. such data structure is cota_;:>riaed 

of the following illustrative areas: 

a disk information area, which contains data th.at is 

useful for the entire ·disk •nd not simply for a particular· 

chapter• 

several p chapter information areas. with each auch 

area ~ontaining infonuation relating only to ita cor~eaP:,nding 

chapt·:J!r, as will be described ·in g~eater detail below, tl'e 

chapte:r: information · •ssoeiated with each cha~te·r identif:r ing 

prede·termined parametera of the HPE~compreaaed video data and 

the c~mapreaaed audio data recorded in that chapter• 

an area in which ail of' the possible names of the 

dif fennt chapters are racordedJ 

B~ 

•• .r' 
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an area which identifies all of the af orauent.i.oned 

•streams• of data that constitute the user information in the 

chaptei'J and 

an area which contain• entry point information that 

identifiea all of the entry points in each chapter. 

It ia expected that the information which is included 

in all. of the afo~ntioned ar~as ia less than the ~X:~ftg' 

· capac;ty ·of a data tracks and the exceae capacity of .that track 

. ia reserved for future use. '!he number of bytes which .cc;rnstitute 

each of the aforementioned areas is depicted in Fig. 35. 

The data which constitutes the disk infonnation area of 

the AS:'OC information shown in Pig:. 35 is depicted in greater 

detaiJ. in Fig. 36. The fields which identify the disk 

i:riforination are described more particularly as follows 1 

·me :r .. p1;,il.lep1 'l'his field, comprised of B byt:S18, 

· contains a character string . that identifies. the data atr1}.cture 

· used 't:o · represent . the . A'l'OC information. Thia · TOC. identityier, · 

when detected. by the controller in the DVD player permitt> the 

playb:ri:ck operation·to be compatible with the format in which the 

. ATOC information and the chapter informat.ion are recorde·~. For 

example, if t.he character string of the TOC identifier if1 . 

· •AV'l'OC001", the data struc;:ture of the ATOC ·information and the 

data ittructure of the uaer. ··information recorded in each chapter 

are aB shown in Figs~ 35-44 • 
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me :r..apgyaga •· This 3-byta data . is intended to identify 

the ac:tual language of the naines tha:t.are recorded in the name 

· infonr.ution area of the application '!l'OC region. It will ~·}8 

appreciated that this 3-byte iJ:'OC.languaga is similar to the. Local 

Language count~ Code recorded as the di11k infoi:mation in Tabl.e 

2. 

'91;•1 !Dm!tel' pf IJltQPoipts: This two-byte fiE;ld 

identifies the.number .of I..;pictµres that are recorded o~ the 

disk:. Each entcy point designates a sector in which an l·-picture 

first. is recorded. :It is appreciated that over 64k :t-pit:. tu.res 
. . 

can be recorded on the disk. 

·'l'he remaining fields shown in Fig. 36 are not t"urt:her 

deacr.ibed herein as they are not needed for an adequate 

underutanding of the present invention·. 

Each 32-byta chapter information area included :tn the 

appli~ation TOC region exhibits the data structure shown in Fig. 

37 aH will now be desc.ribed. The information recorded in each of 

the a~tapter information fields is as follows: 

C!Mpt:ec '!1-h••e 'l'his l•byte field identifies ·i~he 

· numbe.r of the chapter, and up to a .. ximum of 256 chaptec.'."'s c;:ian be 

recoxded. As mentioned above, it is preferred to reco~d one 

chapter in one data track• and it is contemplated. that o.-1e 

chapt'9r may be recorded in two or·more data tracks. aow~ver, it 

ia pz·eferred that no more than one chapter be recorded i.l any 

94-----·----. 
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g;ven track. No two chapters on this diak are identified by the 

same c:'hapter nuinber. 

C:Oll'nspoMaa ynak. e••Mg: This 1-byte field 

idantif iea the nuDlber of the track in which this chapter is 

recorded. In the simplest eml:>odiment. if the applicat,ion TOC 

_region ia recorded in track 1, then chapter 1 is recorded in 

track 2. chapter 2 is raaorded in ~rack 3, and so on. 

RMDM cat;epn: _This 1-byte field represents the 
. . 

. program into.rmation (or data content) o~ this ch.apter.. Ttie value 

of the chapter category data identifies the chapter categoz:y aa 
shown in Pig. 44. i'orexample. if the chapter contains e movie, 

the value. of ~e chapter category byte is 0. :If the aha[;~t;er ia a 

music video. the value ot: the chapter category byte ia 1. other 

_examp].ea ·Of chapter category representations are show iu Fig. 

44 ~ .· and it i• to be understood that the preaf!nt inventio:r: is not 

"limited solely to the categories which are.shown. 

N••• 119 · Chnner •=': Thia 2-byte -field ickm~ifiaa 

a particular 8-byte field in the name field area of the 

appl,.iaation TOC region shown in Fig. 35. :en the preferrad 

embod-nt, 2,048.different ~fields may be provided .in the 

name field area aiid the 2-byte pointer to chapter· name irr- Fig. 3 7 

. identifies _a respective one of the 2,048. name fields. 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 thia cori-ei'lponcU.ng 
,· -·----·----··•·• ··•••-- ••·•••·--···-C •• -··--·----
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chapter is found. 'l'!ius, the chapter name pointer simply "points• 

to the. appropriate name field which contains the chapter name. 

If the n~e of the chapter requires more than a· single 

a-byte name field, for example, :if two or more name fiel.da:J are· 

needed, sequential name fields form a suitable "stringn in which 

. the entire name of the chapter is recorded. In that even·t, the 

chapter.name.pointer simply identifies the first name field in 

thiaa:tring. 

•ei.Rl••·t;e •t;•n ••=""!'a•c•= Thie 2-byte field. 

prefe;~ably includes several •pointers• which identify re'lpective 

4-byte stream. paramete.;- fields in the pool of stream pare·11eter 

fields shown in Pi!J• 39.: As mentioned above, each chapter .is 

.formed of·HPBG-compreased video data together with com.pressed 

audio data and/or title data. Video compression may be iu 

. accordance with the ~Drl or MPEG-2 fo:r:mat. AUdio compression 

may be in accordance with the. HPEG-i or MPEG-2 ·format or with the 

PCM f~zmat. The aompreased video data constitute!! one s1"::o..'"E!am, 

the aompresa~d audio data constitutes another stream and the 

title data constitutes yet a further st~am. If, for exi~'.mple. a 

chapter consists of only one stream· of data such as MPEG· .. 

:oompreaaed video data. only one stream parameter pointer. ia 

needed. J:f the chapter is formed of .two. multiplexed streams of 

data (e.g;.., video data and audio data or v~Q data and t:itle 

data) two atreain parameter pointers may be used. And if t:he 

chapter ia fonned of three multiplexed streams (for exaq.~i.e. 

lj0~5!~/3ll~T~ 
··. ·· .. :··.· .. ·· . ,• ... 

•· . 
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video data plus audio data plus title data) than thrae.sti:eam. 

parameter pointers are preferred. Each stream parameter pointer . 

. identifie• a respective ·4-~te stream parameter field incJ.uded in 

the pcol of atream par~tars. (Fig. 39) which represents ·the 

characteristics of the .. corresponding stream that is ·included in 

· thia ·chapter. ·AB discuss~. above in conjunction with Fig" 35, 

the pool of stream.parameters .ia record~ in a separate area in 

the application TOc r.egionJ and each 4-byte stream parameter 

field exhibits the data ·structure, shown in Fig. 41. 

Aa shown in Fig. 41,. each 4-byte stream. parameter field 

.includes. l"""byte data. representing the stream type, and a 

i;epreeientation of such 1-byte data is shown in Fig. 43. 

DeJ?ending ·upon 1;he value of".the stream. type byte, the s~~l.'eam to 

which the stream parameter pointer points identif iea the ~ta 

incluied in this·chapter as MPEG-1 compressed-video data, HPEG-~ 

comprasaed video data .. MPEG~l compressed audio data,. MPE!f-2 

comprraased audio.data .. a .further type of MPEG-aompreased data, 

title data or PCM audio data. Thus, this 1-byte stream ~ype data 

inclu.:.ied in the atx-aam parameter field to which the atref.'.m 

par~r pointer p0ints_satiafactorily identifies the neceaaa:cy 

. paramP.tters of . this stream of data included in the chapte~.:·. 

As also .shown in Fig. 41, ·the· 4-byte atre• pa.i:amatar 

f'ield includes .1-byte stream ID data which identifies th•1 number 

ot st.r:eama of data that are multiplexed in this chapter. 

Conaia~ent with the foregoing discussion .. the stream :CD !<.yte may 

~~9'·~,~~·~~ ----------------
'· 
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indicate that the chapter.is formed of only one at~am of data 

(e.g. , compreaaed video data) or two streams of da,ta (e.g .. , 

c:ompre~sed video and audio .data or dompressed video and title 

data) or three streams of data (e.g., compressed v.ideo, audio and 

title data). 

l'ig. 41 further illustratee that the 4-byte stream of 

paraniater.fie1d incl\ldes 2-byte language data which ident.ifies 

the language of the audio inforaiation or title informati<;.::i that 

may ·be included in this o.hapter. 

In t}ie foregoing discussion, it has been assumed that 
·. ~.. . 

·the 2 ... ,ayte stream parameter pointer included in the chapter 

info~ation area inoludea several painters. .Al ternativeJ y. .only 

one P9inter need_be·included' and· if the chapter conaistJ of two 

. or thx·ee multiplexed atreama of data, as represented bY l'he ·1- . 

byte :11tream ZD data included in the stream parameter fiei.d (Fi;:. 

41) • PJuccessive stream parameter fields are linked to prt:>Vide the 

necesaary representations of the types of streams that are 

multiplexed in thia chapter.· For example. let it be a&f:\~~med that. 

a single stream parameter .pointer -is included in the ohaJter 

infor'Uation. azea and that this stream parameter pointer points to 

strea]fl parameter no. 25. Let it be further assumed that this 

chapter· eonaiats of multiplexed video, audio and title" d.=-\ta. The 

4-byt~ stream parameter information recorded at stream Pt1rameter 

~· ~5. thus inaludaa. a stream ID value of 3. As a reaul~;, atre._m 

~7~~~f. ·~ie~at noa. 25, ~6 a114 ~7 a~ ~i~ ~ ~tiia •tnu.a :cp ' • .• • . --··-----·-:----"----· ---.!...!...__:.__-. .• ,:i,. .. ,.,, ,:1- • •• ·: •• 
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byte •o that even though a aingl• stream parameter pointe~ is 

used, the three stream parameters are indicated t.o identify the 

three types of streams that are.multiplexed in this chapter. 

Thus,, with a single stream parameter pointer, three 4-byt9 stream 

parameter fields nevertheless are identified in the pool of 

atreaJXt p~ametera to thereby represent the fo:r:mata of the 

cqmpreased video, ·compressed audio and title data inc1uded in 

this Qhapter. 

P-MI' g( .,,,.,. 1 · This l~byte data simply ~ntifiea 

the ni:mibar of streams that are used in thi~ chapter. In the 

examples discussed.above. if only compressed video data is 

recorded in this chapter, than the value of the 1-byte n\41Dber of 

strea1ns field is l. If the chapter is formed of two mult.iplexed 

atrea:a:JS of data (e.g. II co~reased video and compressed alldi.O or 
compressed vi~o a.nd title), the value of the number of "'treama 

L'lu1u lii 2. Auel .l.C ~hL~ .uw1L.1.JrJ1"M:!U 11l.Lt:!!i:111111 u.r W:&l.1& .ill."'.! utH:!u .in 

this chapter (e.g., compressed video. compressed audio ait1d· 

titl•), than the value of the n~r of etreama field is 3. :It 

is appreciated that the number . of streams field can be ur;ed to · 

indicate the number of 4-byte stream pa~ameter fields th.·1t are 

linkE.cl to identify the fo:r:mats of the data used to record this 

chapter. 

poA.na&- 1;o •t;Q Peip't.1 This 2-byte field.is similar 

to tre stream parameter pointer and includes. a pointer w~ich 

identifies a 4•byte ent.z:y point field included in the po!'>lof 

SOl5.llARl319S.al'P 89 
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entzy point informationahown in Fig. 40.;· A8 mentioned above, it 

is e~ &lCted that each chapter has recordEad therein several I­

picturea. · Bach I-picture may be recorded in one or more sectors. 

The address of the f irat sector in which an .I-picture i~ ::ecorded 

is de&~ignated an ent.r:y. poi~t. The entry point pointer in·.:iluded 

in the chapter information area of Fig. 37 thus points tc• one of 

these entry points included {n ~he entry.point poo1 (Fig~ 40)• 

and, preferably, the entry point pointer identifies the entry 

point field in which the first entry point of this ·chapte~ is. 

designated. 

Each 4-byte entxy point field shown in Fig. 40 *Xbibita 

the data structure shown in l'ig. 42. As illustrated, entry point 

data Includes a 1-byte chapter number which identifies t~c: . 

chapt .. ~r .which contains thia entry point . and a 3-byte addt:esa 

·which identifies the aactor of this entey pgint. It will be 

reoogni11ed that the 3~~e sector address identifies the.address 

·of the first sector in which this·:C-piature is :recorded. J:t is 

expected that a chapter cQntains hundreds if not thousands of z­
pict:urea. Bach :c-picture constitutes an entry p0int. 

Preferably. all of the entry: points in a chapter are linF.ed such 

that information .representing the first entry point in the entry 

point pc)ol is identified by the entry point· pointer in this 

chaptier information area, data representing the.next entx.y point 

in this chapter is recorded in the next ·entry point fiel'~ in the 

pool,. and so on. .For example,. if there are 500 entry points in 
; 

~~i~~~~J~AI'.' 
' ' o~ :: :. ~ ' ' 'I 

90 .. 
-------

' I .. , 
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this chapter, 500. successive entz:y point fields are linkeds and 

the f irat of these entry point field• is identif 3.ed by the entry 

point pointer. The. number of •UCh·linked entry point fields and. 

thus. the number of such entzy points included in this chapter 

are represented by the number of enti:y point fields shown in Pig. 

37. 

e•'e&- of ••!su ·!oinita 1 'rhis 2~byte field identifies 

the total number of entzy points that are present in this chapter 

and, as mentioned above .• thus determines the number of entry 

point field& included in the pool shown in Fig .• 40 that are 

lin)ced.. :ct ~· appreciated ~hat, by detecting tile entry point 

pointer and the number of entry points, both included in .:-;he 

chaptE:·i" information are•, the location of each entry poin·z in 

thia chapter is identified. This number of entzy point.dAta 

permits quick access to an arbitrary entry point included in this 

chaptetr. Since the location of the first entry point· is ·>tnown by 

the er, try point pointer and the entz:y point field identified by 

thia pointer, and since the locations of subsequent entry points 

likewise are known bJ reason of the linked entry point fitJlda. it 

ia a z·elatively simple matter to rapidly access the -third or 

twentJ'-fifth or one-hundred seventy fourth entry point. a::.1 may be 

desired. 

.I.II.Bl:.• 'i'his 12-byte .data . represents the J:nterna·ti.onal. 

standa.rd Recording Code which identify a musical p:ogram :-~cord&d 

~~~~~~~~~ 
1 1 I 

1 ',. •' 
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in this chapter. If this chapter does not contain a muaiaal 

program,. the ISRC data is recorded as 12 bytes of. 0 x l'F. 

xt is appreciated that the application TOC r•gion and 

the aforementioned A'l'OC'information may be readily generated by 
. . 

TOC encoder 125 (Pig. 1) or by a separate A'l'OC encoder ao·;ipled to· 

yet auother input of _switch 124 for r~ording in, for example, 

the first track o~ 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 ordinai:y skill in the art tbat 

varioaa changes and variations may .be made without depart.ing from 

the spi.rit and scope ~f the invention. 'l'O the.extent that such 

variations and .changes ha_ve been mentioned herein, the. appended 

claim• are to be in:terpreted as including such variatione; and 

changes as wel.l as all equivalents to those :features whit;;h have 

been particularly diacloaed. 

&OJS.ll&l/S19~.APP 92 
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. ~ 1. An optical.disk having a diameter leas than 140nmu 

a thicltate•• of 1.2mm ± o. lmm• a plurality of record tracks having 

data recorded thereon ae embossed pita representing inform;Ation, 

the track.a exhibiting a pitch in the.range between O.o46pm and 

1. 05JllllJ . said tracks being divided into a lead-in area, a p:-:ogram 

area a~d a lead-out area• said reoorded data being recorded in a 

t$ble of contents (TOC) region and in plural data track re~ions 

with aaid TOC region being disposed in said lead-in area.. said 

TOC region containing TOC information and at least some: of said 

plural iata track ·regions containing user information incl• .ding 

HPEG-ac·-rtpreased video data and compressed audio data; . said '.L'OC 

infoz:m.a·::ion being recorded in a first plurality of sectors in 

said TO:! region and .said user information being recorded ir. a 

second ~lurality of sectors in said plural data track regi(nB• 

each da·t:a track region having. a respective start seotor' ~"~id TOC 

. i'1ofoz:mat;ion including addreaaes of the respective start se:. tors' 

and said 'fOC information and aaid user information being naorded 

as modu:'.ated long distance . error correction encoded data ha ving 

at l.eae·-~ eight parity symbols. 

2. 'rhe optical disk of Claim 1 wherein said dai: a ia 

recordec~ aa emboased pita with a linear density in the rang!! 

between 0.237µm per bit and 0.378µm per bit. 

ti .., 
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3. · The optical. disk of Claina 1 . further_ coapri~ing at · 

least o~ add·itional 'l'OC region containing duplic-.te 'l'OC 

infoniation and disposed in aaid lead-in .area. 

4. 'lhe opti<:•l disk of Claim l further compri11ing an 

applic;:ation TOC region . disposed in said program area and 

conta:i.ning application table of contents (A'l'OC) infonnation 

·identifying p~te.rmined .parameters of the MPBG-compresst:d video 

data a.~nd the compressed .audio data recorded in respective data • 

5. The optical dia1c of Claim 4 ·-wherein the ?~·:··~-

compra w.aed. vi~o data in a respective data track region i:: · 

encoded in a selected one ·of plural video compression foz't.·~ts, 

the cc:;µipreesed audio data is encoded in a selected one of plural 

audio ):.o:cmats, and .said ATOC information includes plural ~·ormat 

identi.fier data for identifying the video compression an.~ '1Udio 

.format:.1 used in eaah data track region. 

'6. '!'he optical disk of Claim 5 wherein. said 

applic,~tion TOC region includes a parameter aeation conta::.:;1ing a 

· plural. ·tty of parameter fields r each parameter field conta:L11.ing 

format: ID data identifying one of a video compression forl.'sat or 

an aud:f.o format; and said application 'i'OC :t".egion further Lncl~s 

plural ·track sections, each being associated with a respective 

data ti·ack region and each containii'lg at least one paramet -c~r 

·.field Jiiointer· to designatE! the parameter field containing t;he 

SOl5 .'lfD/.9l U.UP 

.. I h 
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foJ:'illat ID data which identifies the vidao oompreaaion fo~uaat or 

audio .:foDlllt uaad in the aaaoc:iated data track regi.on •. 

7 • T~e optical disk of Claim 6 wherein at least one 

traak section iJi said application 'J.IOC region contains plural 

parameter field·. pointers to . designate a corresponding mmper of 

parameter field.a, thereby identifying the video a~praaai~n 

format and the. audio fo;r:mat.used in the data track region 

.. ··aaaoci~-\;ed with· said one. track section • 

. a. The optiaai ··disk. of Claim 1, further aompri.ai.ng an 

application TOC region disposed in said program area and 

.containing application table of contents (ATOC) info.m,ation 
. . . . ·' 

. identi:tying as ent::r:y · pointa particµlar sectors in each data track 

region .that co.ntain a aelected type of MPBG-compresaed video 

data. 

9. .'l'he optic;;:al disk of Claim 8 wherein ~aid MPEG­

compresaed video data is aeleatively comprised of int:r:aframe 

encodea picture data or predictively encoded picture data1 and· 
. . 

said·· A'J.'OC information identifies entry point sectors in eat:Jh data 

·track .i:egion .containing intrafraDle encoded picture data •. 

10. Th~ optiqal disk·: of Cla?-m 9 wherein said 

· application TOC . region includes an entry point section con~~aining 

·a pl~rality of entzy point fielda,·aach entry .point field 

· c:ontain.tng a sector address representing . a sector in a dat•; tracJc 

region Qontaining a .beginning portion of intraf ran&e encoded 

picture data• and said appliaation TOC region further ina.l.1·d9•· 

-~------------
·.o· 

.. . . 
ct)' 
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plural track sections_. each being asaoaiated wi_th a respective 

d8ta track region end each aontaining at least one entzy po:i.nt 

field ·pointer to ·identify the entxy point field containing the 

-_ set;tor address which -represents the sector in whioh aaid 

-- begin~ngportion_ of i~traframe encoded picturf! data ·1a recorded~ 

11. - The optieal disk of Claim 10 wherein said 

app_iic$~ion 'l'OC -region. further includes ·data repre.-enting the __ -- . ···-;. 
number of ent:r:y paint aectora recorded on said diak. 

12. -'!'he optical disk- of Claim 1 wherein said ML•ECI-

-- - compressed video data and said aompresaeq audio data are recorded 

as chapters of. user informations and_ said c:iiak further co~:prisea 
. 

an aI>plication 'l'OC region oontain:Lng a -plurality of chapter 

aectioi~a. each containing infontatio~_ representing respective 
. . . . 

chapter _ic:lentification. pn-determined paruetera of the HP:&:G-
- -

compre1t,_.ed-video data.an~ the compres•ed audio-data recorded_ in_ 

aaid rc·;apective chapter. and ent:cy point data identifying entry 

poi,nt ir.ectora-inwhich aeleatE11dMPB<P-aompressed video data are 

·record6d. -

l3. -- Tbe _optical -disk of ·claim 12 wherein said 
- -

-- applieation _TOc -region includes a ~~apter name section coni;aining 

a plurality of ~ fielda' and_ said inforiaa.t1on in a chap~'-:•!r 

seeti.on·~ repreaent:ing ehapter identif'ication- includes at le.vat one 

-name pointer to identify a. name field ·in which the name of said 

respeat.ive .. chapter is recorded. 

~'~f:~J~?~ 
. . .... . ... 
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14. '!he.optical disk of C1aiil\12 wherein aa:i.d 

inforinatipn in. a chapter aect~on rep%'.eaenting chapter 

identifica:tion includes track nµmberdata for identifying the 

data track.reg.ion in which said.respective chapter is ~co.J:ded. 

l.S. The optical disk of· Cl.aim 14 wherein said 

.information in.a chapter section rep:r:eaei1:ting chapter 

identi~fication further includes chapter nuIPber data for 

identif.ying the number of _said respectiv~_chapta:r. 

· 16. The optical disk of Claim .12 wherein. said 

information in a chapter aection representing ohapter 

·. identi~icatiQn includes categoz:y data for identifying a category 

type of said respective chap1;er. 

17. The optical d-isk of Claim 1 wherein each ~ector of -

said. first .and second plurality of sectors includes a aec·tor 

·header at a leading portion thereof. said sector header 
·-----aontai1:.ting a sector sync- pattern .. a -sector address •. an err~~­

detection code. and aubcode data. 

18. The optical disk.of Claim 17 wherein said nubcode 

data in a-qiven .sector tncludea a subcode identifier _and nnbcode 

-inforiu,tion of a type identified by saidsubcode identifier. 

' 19 • The optical· disk of Claim 18 wherein said 1n1bC!ode 

. identitier .is a subcode.addrese .. 

20. The optical disk. of ·claim-.-18- wherein .said u~ot•ar' · ·· -- -
. . 

information is· picture information :representing a reapecti·:.:•e '·. 

~ictu~e, . said picture information·· being •'recorded in·. at lear :.; one· 

' .. ' 

A .. 
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sector in a data track region, and wherein aaid .aubcode 

inforr•iation includes first di.,tance information representing. the 

distai~ce from said given sector to .·the sector in which picture 

information repre_senting a next preceding picture ia reco):de4 and 
. ' 

sf!Conci diatance info~ation representing the distance fx~:'" aaid 

·given·•ector to the eector. in·which pi,cture information 

repre.e.iinting a next folloWing picture .is recorded. 

21. 'J.'he optical disk of Claim 18 :wherein said n.aer 

· infnr111 . .=tt:inn i R r.n.mprP.aSad _pint:nrP d.1d:a APl~ntiv,.ly nnmJ;lri riPri nf 

· .di_ffe.rent types of c0&npresaion-encoded data· representing 
. . 

respective pictures_ having a predete.rmi.n&ddiaplay aequenoe, and 

said aubc:oc:le infonaation includes type identifying info~tion 
. . . . . . . . . 

. . 

·for id$ntifying the type of oompreeaion•encoded data that is· 

rec:ordt;d in said given sector and sequence information for 

identii'ying the . location in . said display sequence ·of the ~ lcture 

represf'ltnted by t:he compreaaion-encoded dai:a that is record~d in· 

said g:tven sector.· 

22. 'l'he optical disk of Claim 18 wherein said 1.i;ier 

· inforllli',tion ia v~riable over t_ime, an4 aa.id subco~ infQ~'tion 
'' 

include~ time ceda data·repreaen'ting time information at which 
. ~ . . 

said·.· use,?;" information is J;"ece>rded. · . 

. 23. The optical disk of Claim l wherein said TOC.. 

information is repreaentative·of·ret.:ord/playback characteriiatice~ 

dianiete.r. recording capacity and number of record tracks ot said 

optical disk. 

" . ~ . 

. . . ... ~ . .; , 

. · ft'# 
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24. 'l'he optical.disk of Claim l wherein said TCC 

in:fo.caat:ion includes T~ identi.fic:ation data forident:i:fying . 
location of' eaid 'l'OC ~ion, data configuration of said1l'OC 

i region;· anc:l sector configuration of each of said plurality of 

aec:tota. · 

25. Thi!. pptical .. diak. pf . Cl.aim. 1 'Nherein....11-.id. !l'Qc .... 

· inforn"ltion includes data representative of disk size. 

26• The optical disk of Claim 1 wherein said TOC 

in,forn:.ation ·includes data· representative of· a time code 

aasoai~ted with said uaez:.in.tonuation. 

27~ The o~tl.cal disk of Claim 1 wherein said U~er 

infozm~tion is reproducible at a selected one of. plural playback 

speeds~ •nd said i.roc_info.rmation includes data repreaentat:ive of 

'said s~leai:ed playback speed. · 

28. The optical disk of Claim 1 wherein said leng 

diatant-:e error correction encoded data is e~coded by inse·:.tting C2 
. . . 

and cl hold· sections ~t-predetermined l~ationa in the 'l'OC and 

user irifoi:mation supplied for ,recording and thereby.fom.i11g 

prelimimu:y Cl words compriaed of plural data symbols. ge~rating 

· c2 par~ty aymbola in response to a predetez:mined number of data 

symbol:-11 of the same number of p,z:-elim.inary Cl words and replacing. 

a C2 hold section in a preliminazy Cl word with said C.2 par.ity 

Symbol& to fo%1'11 a precursory Cl word-,. generating Cl pari~y 

symbols in response to a precursory Cl word and inserting raid Cl . 

parity :i~l:s into a Cl hold section to ·form a Cl coda woz.-d,. and· 

-~-----· 

.· 
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using a pre-eatablished·number of said Cl code words as ~aid long . 

dista~e er:ror.aorreation encoded data. 

29. The optical diak of Claim 28 wh•rein aaid 

infornaation that is recorded.as ••id.lQng diatanoe error 

oorrec,i;ion encoded data exhibit a·aymbol ·sequence different from 
the. symbol. seqo~nce of the information.supplied for recording. 

30.· The optical disk of Claim2.9 wherein.said Cl aode 

. word ia com.prised of odd a.lid even symbols with the odd syinbola 

b8ing recorded together in an.odd group and the even symbol~ 
I . 

being .recorded togethe:r in an even group.· 

31. The optical disk·of.Claim 30 wherein eaah Cl code 
,i 

\ 
word i~ formed .of m symbols and eaah C2 code word is form.td of :n 

symbol1,l~ where 11L and n are integers' and wherein= 

·Jc: = .mxi.. + 2 x j - m .. wizen j < m/2 

Jc: = mxi + 2~j - cm-1), when :i c: m/2, 

where i; . is the aeque.ntj.al order in·· which the Cl code words· are 

.presented for reco:r:ding, .j ia the sequential order of the ;:;i· 

s,Ymbolti'.· in each · Cl code word preaented for recording, and h: ia 

the . order in :which the m symbols are reqorded on the diak·. 

----~----~·---Received Time 15. Mar. 9:55 Print Ti me 15. Ma~ 10: 33 
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32 •. '!he optical disk-of Claim 1 wherein the long 

distar.ce error correction E!ncoded data ia encoded in a · 

convolution C!ode. 
i 

' · .. 33. The optical disk of Claim 1 ll'harain &aid 'l'OC and 
'· 

-user information are modulated for recording by reading t~rom-a 

aelectf,lld one. of. piural storage tables a 2n-bit symbol in.- response 

to an n-bit byte supplied fQr rec9rding, the selected storage 

tSble being :a funct-ion of the preaeding 2n-bit spibol that had 

· been J:'ead. 

34. '!he optical diak of Claim 33,. wherein au0C4#aaive 

2n-l:>it!syml)ola are.run length limited. 

35. 'rh•· optical disk -of·. Claim 34 wherein c1iffet:·tmt 2n-

bit sy~bola are &t9red reap~ctively in at least tvc of said -

storag..'"! tables -~or ·t;he same n-bit. byte. 

36. The optical. disk_ ·of C:lain& 35 wherein the 2n-bit 

symbols stored in one of said two storage· tft,bles.ezhibit_ positive 

digi1;al sum value_ (DSV) and the 2n-bit- sl'Jl'bols stored in the 

-other c->£. said two -storage tables exbi.bi t negative DSV. 

37. 'l'be optical disk f.>f Claim 36 wherein the selected 

At.nr1toP. t;;r1hlP i11-rlP't;PrminPCiA-'A fnnr!t.inn nf·thP nnmhPr nf "0" 

bits in which the preceding 2n-.bit symbol tenainatea and 

accumu.l.ated · DSV of a pi:edatermined- number of preceding 2n•h.it 

eymbols. 

38. A method of_ recording data on an optical di&:k 

.having a diameter leas -than 140 mm, a thickness of-- 1.2 mm 1:. 0.1 

101 
. . . .. ··,· 
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mm·and a r~rding a~a divided into a lea,d-in a,:ea. ~ prot;iram 

· area and a lead-out area, said.method compriaing the ateps of1 

provi~ing user information incl.uding MP~-compresaed.v~o data 

and c~mpreased audio data .· for recording in a plurality of 

sectors in user.tx::ackaJ providing table of contents (TQC) 
. . 

info:r;mationfor recording in a plurality o:f aectora in at least 

one.'l'OC track, said 'l'OCinformation inciuding .addresses of 

.. .r;eapee:tive st_art sectors,. ~ach identifying a start sector o:f a 

reapecJ.~iVE! uaer trac:ki encoding both said user information 

includ;'ing MPEQ•compressed video data and compreaaed audio·;·data 
I 
I 

.• 

and said TOC info%JD8tion ,Ln·a long distance error correction code 

having at least eight.parity symbolsJ modulating the encoded U•er 

·.and To:: information' recordl.,ng the modulated. encoded '!OC 

inform11tion as emboaaed pita in.said at least one TOC track in 

said liaad-in area1 and recording the modulated,. encoded uf\er 

infornt«tion as embossed pits· in aaid .\:Iser ·.tracks in said program 

area wj.th a track pitch. in the range between 0.646fllU and l,,05µm.. 
~ . 

39. The method of Claim 38 wherein each of aaid steps 

of rec:Q,rding is operative to record said embOsaed pita wit:;i a 
I . . 

.linear denai~y .tn the range between·0.2371'm per bit and o .. J78µm 

per bit. 

40. The methoci of Claim 38 further comprising tne step 

of reccirding at least one additional TOC regi~n containing 

duplicEJ:e TOC .information in said lead-in area. 
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41. The method of Claim 38 furl:ner compri.a.ing· 1:he atep . . . 

of re<Fording application :ta:t>leof contents (ATOC). info~t~on in 

.an app1ic.ation.TOC region in aaid.prQgram area identifying 
. . . . 

predetermined parameters <>f the MPBG1111compreased video data and 

t~ compreaaed·audio data-z:eeorded in reapeotiv~_uaer tracks. 

42. The method of Clai.l'Q. 41 wherein the KPEG-co\'llpreaaed 

video data ia provided in a selected one.· of plural video · 

aompr-.saion foJ;Jnats·, and the c~~saed audio da:ta is . pro"'.rided in 

a ael~ted one of plural audio.formats, and said step.of 

reaor4ing ATOC infonaation inc.ludes recording plural form.at 

identifier dat~ ·for identifying the video· aompre.asion and audio 

forma1:o recorded in each user track. 

43. The method of Claim 42. further comprising .:;he 

steps ~f recording a parameter section in said application TOC 

~gior.:. containing a plurality ot parameter fields, each.parameter 

field Containing a f Qrni.at :ID code identif7in9 one of a video 

. C01Upreiasion format . or an audio format, · and recording plur.r.-'L traak 

. . sec:ticlis in aaid application i;t'OC region, eaeh track· aectif'ln being 

associated, With a respective User track andreco;r:ding in Pach 
' ' 

.tz:aak &~ection ai: leaat one parameter· field pointer ·to designate 

the parameter field containing the format ID code whic:!h 

·.identifies the video compression format or audio format of! the 

uaer ir1formation recorded i.n the asaociate:d user track • 

. 44. The. method of Claim 43 wherein plural paran-:;ater 

field pointers are reeo:rded in at· least one track aectio1: . i.n said . ·. . . ... . . .. 
103 --- . :_:____..-
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appli<:.ation 'l'OC region to ~aignate a. correaPQnding number of 

· ~r-er fields, 1:hereby_identifying.the ~ideo compreaeiol1, 

format and the audio foi:mat of the u111er, information recorded.in 

~he ueer ~rack aaaociated·with sa~d track section. 

45. 'l'he ·method of c.laim 38 further comprising .the step 

of recording applicationte.Qle ·of cont-nts (ATOC) information in 

· an application 'l'OC region in said program area identifying as . 

entry points parti~ular sectors in each user track that contain a 

selected type of NPBG-compreaaed video data. 

46. The method of Claim 45 wherein said M,PBG• 
. . .. 

· COlllpreil&f!d video data · :ta aelectively comprised of intra:f:r:-t.une 

encoded picture data or predictiVely enc;:oded picture data~ and 

said .1.1~0<: information identifies. entry. point seQtors· in _ec;:;.ch- ·user· 

track •:rontaining intraframe encoded picture data.· 
. .( 

47. 'l'he method of Claim 46 further comprising \;he atep·· 

of rec'">rding in an en~ry point section a plurality of entz.y point 

tields:of said application 'l'OC region, each entry point f~eld 

having recorded .therein a sector address representing a ai&'ator in 

a user traak. containing a beginning portion.of intraframe encoded 

pi.cturt--1. data, a.nd recording plural t:r;~k sect;ions in said 

application Toe region,·each·being aseoe,ia"ted with· a respective 

uaer_t~ack and each having recorded therein at least-one entry 

·point field pointer to identify ttie entry.point field containing 

the a~tor address which rep:r:eae~ta the"•ector in which sa:i.d 

· beginn~g port;Lon of intraframe encoded picture data is re~orded •. 

·1·04 
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48. The method of Claim 47 furthll!r comprising the 

st•P• of recording in said application TOC region data 

repreaenting the number of entry point. sectors recorded-on said 

disk,. 

49.. '!he method. of Claim. 3~ further comprising the 
. . 

. . . . . . 

.atepa · of recording said· MPEG•compresaed vidGto data. and said 

coni.preaaEt,d audio data aa <:hapters ·of . user informationJ and . · 

·recording a plurality of chapter.sections in an applicati9n 'l'OC 
. . . . . : 

. ; . . - . . . . . 

region;,. having·. recorded th.rein. information representing 

;J:eaped,tive .· chapte:i:: identifi.cation,. predete.r:mined parametere of' 

the MPEG-compressed video data and the compressed audio data . . . ' . : . 

recorded in_said respective chapter,. and entry point data 

identifying ent~ point aecto:ra in said respectiv~ chapter. in 

"hic:h aeleoted HPEG-c:ompresaed video data are recorded •. 

50. · The method ~f Claim 49 further. comprising the 

steps of recording in said application "l'OC region a chapter. name 

s~tioti containing a plurality of name fj.elda1 and.recordi'ng in a 

.. ~apt.er section, aa infoi:mation rep~senting chapter · 

identi.:eic:atic;>nr at least one . name pointer. to identify a ns.me 

···field ·J,n wh.i.ch .the n,ame· of .said respective chapter; is recc.rded •. 

51.. 'l'he_ method of Claim. 49 wherein said infozma tion in 

a ohapter section represen~ing chapter identification includes 

track number data for 'identitying the user track in which said 

reapec1;,ive chapter ia recorded. 
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52. The .method of Claim 51 wherein said information in 
. . . . 

a chapter- section representing:chapter identification further 

includes ch~pter numl:>er data for identifying the number o:f said 

· respective. chapter. 

53. Th.• m.athod of Clain\ 49· wherei.n said inform.-ation in 

a· cha~er aec:tion representing ·chapter identification include• 

.· categoJ.Y data for i$1ntifying a category ·type of aaid :respective 

chapte.r. 

54. The method of Claini.38 wherein eaah sec:tor in.at . . . . : . . . 

1east ''Jaid user .tracks includes a sector header at a lead/ . .ng 

portion therf!Of• and said _.atep of. recording user informat~;,.on 
. . 

includes recording in said .sector header. a.sector sync pcttern, 

.a sect.:>r addreaa, an erEOr detection code.. and subaode data. · 

ss •. ·. '.rpe method Of Clainl S4 wherein 11aid aubcodh data 

in a given sector includes a aubcode identi.fier and . subao~e 

informi,t.tion of a type ·ide~t·ified by said aubcode identif:t£~r. 

56 ~ 'l'he method of Claim 55 wherein aaid aubcO<M: 

identi;~!'ier ia a aWx?Ode address •. 

57. The method of Claim 55 wher~in said user 

:i,nform. .tion ia picture _information representing· a z:eapecti:-fl'e 

·p:Lctunif and said step· of recording comprises recording suid 

· picturf:l' information in at least one sector in said user traclc:a, 

. and re~ording as: aubcode information first distance infoa'~tion . 

representing· the di,a1;ance from said given. sector to the a~~tor 
in whicih pictur~ information representing a next preceding 
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picture.i.a.recorded and aeoond diatance :i.nfo:cmation .r:epretsenting 

t~e d:lstance from said given s~tor t_o the s~toz; 1n which 

.pictu~e information representing a-next following picture ia 

r=orded. 

58. The method of ciaim 55 wherein said atep ol 

·encoding said user infoniation compri.,.ea_compresaing a 

predetermined display sequence of picture data in. aceordan<:• with 

aelective1y di!'.ferent types of compression-encoding technique, 

and aai.d aubeode information includes type identifying . . . . . . . . . 

information for identifying . the type . of compression-encoding · 

teahJ'1ique that. is used to compress the data recorded in e-~id . 

· given sector and sequence ·inf9.rm~ti()n for identifying the 

.. locati~n ·in sai4 display sequence o~ -the picture repreaen·i;ed by , 

·the cc:s~1.preaaed picture data that ia recorded in said given. 

sector. 

59. '!he method -of Claim . 55 wherein said uaar 

information is variable over time, and said aubcode infori.tation 

··. ino1udwia time code -dat• representing. time information at 1;1hich 

said u~er infOQRation is ·reoorded. 

450. The method of Claim 38 wherein aaid TOC 
. . 

information is representative of record/playback charactexiatica, 

diametli'r, recording capacity ·and -number of z;ecord t:racke of aaid · 

'optica:t' disk. . . . 

61. The method of Claim 38 wherein said step of 

racordin~ said TOC info:m.ation includea·the atepa of raooxding 

107 

15. Mar. 9:55 Print Time · 15.Ma:-. 10:32 , Re c e i v e d T i me 
~~~~~~-----·---



• 95-03-15 · 11: 08 . SONY FOREIGN PATENT +81354483063 T-536. F'. 15/46 . 
. n•:. wn11, ...-w a MllllN ai Ull '~' 11n-anz & 83-13-95 u:zz .. 

B•DIM8 .. tu: it. IGU\kata~ Ona- S1DJ at Ill 1H5818878118135ft85789 

1 llMUj 1111~1011H~~1111 I PUBll'r 

450100-3193 

~OC iciantifiaation-data for identifying a iocat;i.on of aaid at 

least one 'l'OC tra,ck, rec,:ording a dat8: eonf iguJ::"ation ·of aaid at 

least ane TOC track,, and rtacording a sector configuration of each 

of sai,;l plurality of sectors. 

62. The method of Claim 38 .wherein said 'l'OC 

in.form.ation includes data representative of· disk size. 

(;3. The method of Cl•:i.m 38 wherein said TOC 

·in:fomtion includes ·data representative of a time code 

associated w.ii:h. said user information. 

64. 'l'he method of Claim .. 38 wherein said user 

infoi::m.&tion is reproducible at a aele~ted one of plura.l p1ayback 

speeds• and said etep of re~~rding said 'l'OC information inclucles 

the step of reeording_data representative of said selectea 

• · pl•ybaak speed. 

· .. 65. '!he method of. Claim 38 wherein said step of· 

eno~.j.i'9' infouaation in . aaid ·long distance error correcticn -code · 

·· ia compri"1ed of receiving aaid user and 'l'OC information as input 

data1 f.nserting C2 and Cl hold sections <!lt predetermined 

. loc:ations in said input data and thereby foJ;Jiiing prelimina.r.y Cl 

word• compriaed of p1ural . data a~l&J generating C2· pari·~y 

al'Jllbols in response to a predete.r.m.~ned nulllber of data symbols of 

. the Sule number of prelimina:cy Cl WC?rds and replacing a C2 hold · 
. . . 

11edtion in a preliminaey Cl word wi~h .said C.2 parity aymbol.s to 

.. form. a precur11ozy Cl. word, . generating Cl parity symbols in 

·response to a precursory Cl word and inserting aai,d Cl pa.r-.:d:y 
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. · a~J;a into a Cl hold eeation to form a· Cl aode word., and using 

a pre•established number of said Cl code words as said long .. 

· diata~e error correction encoded data. 
. . . . . . . 

G6. The method of Claim. 65 wherein.said atep o'f. 

· rE10ording comp.rises reaording the ·aymbc>la of the Cl coda words in 

a aymb.ol St!qUenae different .from the aymbol.a~nce of said 

prel~nary Cl words. 

67. The method. of Claim 66 wherein a pre·liminaey c1 

. code w~rd is comprised of odd . and even . aym.bola and wherein _.aid 

· step of ~cording records the odd symbols together in an odd 

group ·and records 'the eve~ aymbola together in an even 9rcup. 

68. The •t~od ·Of Claim · 67 wherein each Cl aode-• wo~ 

· .. is foxr~d of m aymbola includi09 m.;.n Cl parity symbols, w.t.ere m 

and n ,.re integf!r&J and whereina · . 

k ~- mxi + 2 xj - Jn;. when j < m/2 

k ;: 111.xi + 2xj - (.aJ-1), when j it m/2., 

.where i: is the sequential order of thE!·preliminary Cl word• of 

inpu't· ~ta, j is the sequential order of.t~.m symbola·in·each 

pre.1.iJni~a:r:y .Cl coae worcL, and k is the order in which the li.4. · : 

s~ls are recorded on· the disk •. 
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6SJ. 'l'he methoQ of C.la:i.lll ·38 wherein the step of 

enooding c:ompriaea encoding said user.arid TOC·info:r:mation in a 

convolution code. 

70. The.method of Claim 38 '.'fh&rein aaid step of 

·modul•~ing comprieea aupp1ying •aid ~oc and user information as 
. . . 

n-bit . .bytea, reading from. a 11eleoted .one of plural storage_ tables 

·a 2n-b~t. symbol in response to a supplied n-bit bl'te. and 

selecting said o~e storage table aa a function of-the preceding 

2n-bit symbol that had been read. 

71. The method of Claim 70, Wherein suc:oessive ~n~bit 

symbol1~ are run :Length limited. 

72. The methQd of Claim 71 wher~in different 2n·~bit 

symbol~: are stored respectively in at least two of" said ste.i,rage 

• ·tablea for the· same n•bit byte. 

73. ··.The method of Claim 72 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 .~"1"¢ storage tables eXhibit negative DSV •. 

74. The· method of Claim 73. wherein the atep· of 

selecting ••id. one storage t&bl.e . ia dete~ined aa a.· funatic:n of 
i 

.·the n~er of 11 0" bita in which the preceding 2n-bit a:ymb()j. 

· ·terminat:ea and aocwnul•ted _DSV of. a p...-:edetermined number of. 

prec:e4in~ 2n-bit aymbola. 

75. A method ot reproducing data from an optical. disk 

.having n diameter less than 14 Omm. a thickness of 1. 2mm :l: a .. lmm 
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·and ··a :rec::ordin9 area divided into a lead-in .area. a· program area· 

and a 1..e.ad-out area.~ and. wherein . said .data _ia recorded ••. 

embossed p_ita. representing modul•ted, er.tor-correction encoded 

user info.rmati~n including: MPBG-compreased video data and 

compre~sed. audio data in_aectora in uaert:r:acke in aaid program 
i 

area. 2:-ep%"eaenting modulated, erro:r:-correotion encoded tahle of. 

contents ('l'OC) inf~rmation·in se~tora in at least one 'l'OC track 

in sai .. d lead-in ~rea . with· said 'l'OC . infoDiation. including 

addre1u1es of reilpeotive start sectors of said user tracks,,. and 

reprea~.nting application table of contents (A'l'OC) info:r:ma•:~ion in 
aeotoz·~ in at · least one track in said. program area related to 

said 1'9EG-compressed video and.· compressed audio data s the tracks . i . 

having, a tra.ck pitch in the range of O. 64 6µm .to 1. 05µnu ~ -~.id 

method,1 CODlpri&iftg the 8tep8 Of rotating Said. di&Jc tO Obtain A !; . . ( .. · 

constant linear velocity;· projecting a pickup light beam ·~;hrough 
. . 

a lena for optiQally reading the rotating disk:, said pick;up light_ 

· 1-am having a spatial frequency J = )'-./2NA. where the spatial 

freqae.:.Acy i i-:S leas than the track pi t:ch. >a. is the wavele:A:igth of 

the pi~kup light.beam and NA is the numerical aperture of the 

iena• ~Jemodulating the data· read .from said disk• error co:p:ecting 
' 

the dePlQdulated datas separating the e:rror corrected data.into 

TOC inif'ormation, A'l'OC.information arid user info:r:mation• u~ing 

-said· TOC information to access .and re~d ae.lected user. traak• in 

respon.se to access instructions from a userf and using said ATOC 

ill 
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information to reproduce aelected video ~d. audio data from said 

disk~ 

76. 'l'hemethod of.Claim 75 wherein said eDIPoaa~ pita 

have a lineardenaity in the range bat'lieen 0.237µm per bit and 

0.378~ per bit. 

77. 'l'he method of Claim 75 wherein at leaat one 

add:Lt:i.ona1 'l'OC region aont:ainin9 duplicat:• TOC int"o.:r:ma'tio:u. ia 

: located in said lead-in iirea. · 

. 79. -.·.The method of Claim 75 where;i.n said MOC 

informat:Lon identifies ~redeter:lllined · parameters .of. the MPl'.:G­

compreaaed video data and ·the compresaed aridio data recorned in 

~espec1:ive user tracks. 
. . ~ . 

; 

' -~ 79. The method of· Claim 78 wherein the MPEG""!COl\.lpresaed . 

videO data in a reapect:i.ve.user track· ia ·eneoded in a aele-cted 

one of ~lural video· c:oinPreasion. formats, the compressed &\.~riio 

data i~ encoded in a selected one of plura1 audio formate, and 

said N.~oc in:formation includes plural format identifier da.:;a for 

. identi.fying the "vi&!o compresaion and audio formats used in eacb 

user track. 

· 80. The.· •tho4. of Claim 7.9 · wh~rein aaid ATOC 

· in:fo~tion·••in,Qlu~s a paraiaeter section containing a plurnli,ty 

of par~'meter fields •. eacb· p11rameter field. containing a .for:nat ID 

code icentitying one o:t a video com~eaaion to.nuat or .an a~.~dio 

fnrnuat,. 1tnci p1nr;a1 trl.r.k 11,.ntdt;>nR, PAr.h hPing AAAnn'i11t:..n with ,. 

4-eapeative user traak and each aontainir~ at least .Qne par...meter 

112 
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· . field point•r t~ de•1,gliate the paran&ter field containi~ the 

· forma~: -ID oocJe which identifies the vicleo. compression fo_rmat or 

audio .format .of. :the uaeJ:- infol:iHtion . neorcied in . the a11aooiated 

· user tjrack. 
J . 
; 81. The method of Clailn80·whereinat leaat·one track. 

sectic:n Qf said ATOC inf~.r:mation contains .Pli;aral paraniate;1.-:' -fieJ.4 · 

pointera,to.deaignate.a.correapondi.ng number of parameter field.a, . . .. . 

thereb.t identifyill9 the video C:ompresaion ·format:. and the audio 

. format of the: user .infonnation .recorded in the.user trac~ 

aaaociated with said one t~ack seCtion. 

82. The method of ·Claim 7 5 w~rein said ATOC ·. , 
. ' . 

: :i.nfo~tion. i_dentifies as. entry .. p0int• ·particular. aectora in each .. 
uaor t:raak · that. oontain oolaatCc:t MDEG-aompraaoad vidc!o cbta. · 

I .· . . .· . ·. . . . ·. 

· · Q3. 'l'he -~thOd 'C)f. Claim 82 wherein said MPl:c;-: 

.compressed video dat•:ia '1eleetivt1;l.Y c~mpriaed of intrafr~tne 

encoded J?i<:t\lr~ data.or·p~ctively. encoded picture data• and 

said ~QC infonaation. ·identifies: entry poin~. &E!ctora in eaQh data 

track c,()ntaining irit.raframe encodeclpicture data. 

84, 'l'he method .of· Claiin 83. w~erein ATOC info%11la;;ion 

inc1uc:lea·· an_ entey. point section c:onta:ining" ~ plurality of ientry 

point fields; ea.oh entzy . po.int· field • containing a sector a.ddreaa 

represeAting a sector in ll.user ~rack containing a beginni119. 

portion.of intt;afral\\e encoded picture data, and said ATOC 
. . 

·. ~nf'o.rma'Cion. further .in~lu~a t;>lural track sections. each be·:i.ng 

aaaoc:d.a·\';ed .wi~ a reapeot:ive use.~ traak:. aftd each aoni:aining ai: 

· .. 113 
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least one ent;iy·point fi.eld pointer t~ identify the entzy point· 

field containing the sector address .which represents the aector 

in wh~ch aaid beginning portion o:f intra:frame encoded piciture· 

data ±a recorded• 

8.5. ~he method of Claim 84 wherein said A'l'OC 

"information further includes data. ~epreaenting the number of 

ent:ry point seetora recorded on aaid disk. 

86. :The .method of Claim 75 wherein said MPBG-· · 

aoapressad. video data and said comp:esaed aUdio data are ~!'.:eao:rded 

.· .. aa ob.a)?tera ·of user information• and ·said uoc information 
;_: 

aontailia a _plurality_ of chapter sections. each containing 

in:form.ution representing respective chapter identifiaa.tiou, 
~ . 

predetermined parame~ers of the KPEG-co~esaed video datf!'. · and 

• . . the c~pressed audio data recorded in said respeat:ive ohap!:er, 

and en•::.ry point dat~ identifying entry point sectors in said 

reapec~ivecbapter in which selected MPEG-compreaaed video da'ta. 

are recol;'ded. 

87• '?he.method of Claim 86 wherein aaid A'l'OC 

information further contains a plurality of name fields,.· and aaid 

·information in a chapter section . representing chapter · 

identif:.c:ation includes at least one name pointer to .i:dent.lfy a 

name fiti!ld in wbioh the .name . of e~i<i respective chapter iu · 

.~ordet't. 

88. '1'1\e method· .of CJ.aim. 86 wherein said inf'oma.'i".'ion in 

. a chapt~·r section repre~nting chapter . identification· includes 

114 

-------·----- ... --Received Time_.__1·5. Mar .. 9:·55 Print Time 15. Mar. 10: 31 I . 



'95-03-15 11:13 SONY FOREIGN PATENT · . fral: Cllrtls. F"- I :lllffard at Ill l'21Zl IKl-rtU: . . .fD: llr, YashikatsJl 0nu - Sang It Ii '"5818878118135448518' 

+81354483063 T...;.536 F. 22/46 

t>•lHS n:25·,. 
l!i 116 of .. 

111111111111~ Ill~ 11111111111 ] * c · t ,. s * PATEN'l' . 
450:;,00-3193 

track number.data. for .identifying the user track in which said 
reapa9tive chapter i" recorded. 

sg·. 'l'h- method of Claim 88 wherein said info1lllation in 
a chapter •eci:ion representing chapter identification fuz": ... her 
includas chapter number data for identifying the.number c;.1 said 
reapec:tive chapter. 

90:• The method of Claim . 8C5 wherein said inforltQ&tion in 
a chapter section representing chapter identification includes 
aategol:Y data for identifying a category type of said resrAective 
chapter. 

91. The inathod of .Claim 75 wherein each aec:tor o~ said 
user atid 'l'Oc tracks includes a sector header at a leading portion 
thereof, said sector hHder. containing a .sector sync patta;i.-n, a 
aecto.r: address, an errol'.".· detc;!C!tion code, and 81lbcode datar 

92. '.L'he method of Claina 91 whe~in said aubcode data 
in a given sector in.eludes a.aubc:Ode identifier and subcode 

· inf'ornU;.~ie>n of' a type identified by said aubaode. ~dentifier. 
93. · The method of Claim 92 wherein said subcode . 

'i 

identifier is a aubaode address. 

94. The.method of' Claim 92 wherein· said uaer 
informa.tion ia picture. information representing a respecti"V(i 

. ~tun,.· said ·picture information being recorded in at leaat one 
sector in a use~.traak,·and wherein said subcode information 

··includes fira1: diatance infor:mation repraaenting the diat~nce 
from said given sector to the seator in which picture infopnation 

.115 
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representing a next preceding J?icture is recorded and eecond 

diatance info:z:mation.representingthe distance from said ,iiven 

sector· to the sector· in which piot.ure infonu.ation represe~ting a 

next· following picture ia recoxaed. 

95. '!he method o.£ ciaim 92 wherein said user 

information is compreaaac:l picture data.selectively c~priaed of 

. different typea ·of comp~aeion-~ncod.Etd data reprtitaenting 

respective pictuz:ea having a predete~ined. display aequeilc.!e,. and 

said subaode information inclucSee type identify~n9 infol:DUltion 

·for· i~ntifying the type of. ccmipression-enaoded data that ia 

.reaor&!d in aaid.given sector.and sequence infonnation for 

.identi.~yin.g :the··. location. in. said. display sequence of the pict.ure 

. repres-antec1 by the com~asion-encoded data that ia recorited in 

•aid g:~ven 11ector. .· 

96. The method of Claim·92 wherein said user 
. . . 

in:formation.ia variable over.ti.me •. and said sUbcode information 

incl11des time code.data representing time information at wh.ich 

aa~d u~er inf 0%11Ultion is recorded. 

97. "rhe inethod of Claim 75 whe;rein said TOC 

information is repreaentatt ve of record/playback characte.c·.istica, 

diamett?r, reco~ing.eapaaity and number of record tracks .of said 

d,iak. 

98. The method of Claim 75 where.in aaid iroc 

.information includes 'l'OC identification data.for identifying a 

loaatioh .of aaid at least. one TOC track, ·data configurat:io';~ ··of 

116 
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said a~ leaat one 'l'OC track, ~nd sector configuration of each of 
. . . 

. . · . 
said plurality of aectora •. 

99. 'l'he method of Claim 75 wherein said TOC 

inform.d:ion includes dat.a representative of disk ·aime •. 

100. The method of Claim .75 wherein said TOC 
. . . .. 

in1:orm.'!l:tion includes data reP.reaentative of a time code· 

· aaaociii.ted with sa.id user information. · 

101~ 'l'he method of Cl.aim 75 wherein said user 

infoX'Dl&,tion is reproducible at a aelactad one of plural playbaak 

speeds~ and said ~oc information.includes dat• representative of 

said .. lected playback speed. 

102. 'l'he method of.claim 75 wherein said error­

correc~ion encoded info:z:mation is formed of a pre~eatabl~thed. 

.numbez· of Cl code w0rda, each Cl code word containing .infq.rmation 

· aymbol ~ll ~ C2 parity aymbola each of which is derived from .e~n 

info~1.tion aymbol included in. a preassigned number of Cl .Qode .. 

worda, :a:nd Cl parity symbols each.· of which .:i.a derived froU:; a 

predetflrnained number e>f symbols, inolUding information syn:oola 

and C2 parity symbols in said Cl code wordt .and wherein said step 

of er:rnr c~rrectinq comprises ua_ing said Cl parity symbols to 

error· correct the Cl code word which con~ains said . Cl par:i. ·ty 

&,Ylllbols, using saidc2·parity symbol.sin •aid Cl cod~ wo.r:d to 

··error correct respective information symbols included in auaid 

preassigned number of ~1 code .words. and. foi:mi.ng an error .. 

117 
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c:orrec:i:ed ·Cl. code word from the informatioh. symbols that had been 

.corrected aa ,a result of u~ing aa:ld C2.· parit~ 11ymbol11. 

103~ The method of Claim. 102 wh•rein said inforuation 

·· aymboln are ~•C?orded · in a . disarranged orders and wherein t.::he step 

of· erzor cox:reoting_ ·further comprises rearranging the ord.-~r of 

tbe symbols included ···in said error· corrected code word t;o an· · 

arranged sequence. 

104. 'l'he method of Claim 103 wherein said disax·.t-::anged 

order ;La foZTAed of odd information symbols recorded in a;;,, odd 

group ilnd even information symbols recorded in an even gr< Jlp,. and 

said e.r.ranged · sequence .is formed . of· sequential al ternati1,1q odd 

·and e~ren infozmation s:ymbols. 

105. The method of· ·claim 104 wherein each Cl cc~··;.e. word 

is.for..ined of m symbol• incl.uding·n infoz.:mation symbols, where Ill 

and n,iire integ~rat and.wherein• 

i =· (k/m) - (Jcmod2) + .1 

j = (m/2) x (kmod2). + (kmodm)/2 

where i ia·the sequential order of th~ error-corrected Cl eOde 

words r j is the sequential order of the arranged sequence· r>f m 

. symbOllil in each· error-corrected Cl code word, and k is th'"· 

diaarr.inged order· in which the m symbol.a are . recorded on the 

disk. 

.106. 'l'he method of Claim 75 .wherein the error. 

correc·l;ion enaoded data is in a con'VC>lution code. 

118· --
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107. 'l'he method of ·claim 75 wherein aaid data :,n. the 

ciiak i11 modulat•i° aa a run length 11.iuited (RLL) code I and aaid 

step of demo4ulating include& decoding aaid.iu..L data. 

10s. '!he method of Claim .107 wherein said RLL code ia 

. (2, 10) · RLL code. auoh th~t. successive data tranaitiona ai:.·,,.~ 
. . 

separated by no .J.ess than. 2 data bit cells and by no more than 10 

data t~tt oella. 

109. 'l'he method of Claim 107 wherein.said RLL oPde ia 

·reoor&.d as 2~-bit information words, and said step of 

·demodulating converts said 2n.-bit information words into -..~-bit 

info:ra.a.tion words. · 

110. ~he ·method of Claim 109 wherein said atep.tlf 

demod\.lating comprises .storing in each. of a plurality of i;;abl.es 

· aeireral. n-bit. infoJ;mation .. word.a, .selecting ·a particular t:.:ible. as 

a func;tion o:f a preceding 2n-bit inforrna~ion word read from said 

disk, ,and reading out :from ·th_e selected table an n-bit 

· infon'-.tion word whic,h coz::respond_a to the 2n-bit informati.on word 

preser:.tly read • from said d~sk. 

111. The. method of· Claim 110 wherein at least o;~e 2n­

bit i:r~formation word read. from the disk corresponds to tw.> 

diffei:ent n-bit. infozmation words one of which ia stored :~n one 

tabl.:e and the other of which is stored in another table, And 

wherein said at~ of selecting ~urt~er comprises examining the 
' 2n-bit'. infozmation word which next fol.l.ows said presently read 

8095.Dl./i. . .i.U .APP 119 ----·--------
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. . .2n".'"bit . information word to sel.o.t aaid one or said other table as 
.•. · ., -! ; . . . 

:. a fanction of •aid next-foll.owing 2n-bit i~oJ:mation word .. · 

.112. 'l'he method of Claim 111 wherein· said step c.•f 

examining <;:omprisea .. eenaing predetermined bit a in ·said neXt:­

following. 2n-bit infozmation wo:i:d to detexmi.ne the table t:o 'l;:>a 

.. ael.ec:ted · for said next-fo.llowing 2n-bit infomtion word,. and 

aelacting eaid Qne or.said other table for said presently read 
.:: 

.2n-bit . .infoz:mation word depending upon th!il table to be s19Jeated 

for. satd next following 2n•bit information word.· 

113. Apparatus for reCl-ording data on an optical disk 

having a· diamete~.lesa than 140 mm, a thickness of 1.2 l1U1\. t 0.1 

mm and·a reao:rding area divided into a lead-in area,. a program 

area a.nd a lead-out area.· said apparatus comprising; inpu-t~. means 

• . for· px,.:-vidi119 uae;r. infozmation including MPEG•compressed <t:i"id.eo 

.data aJ.'ld compressed-audio data for rec~rding in a plurality of 

aeato~ .in uae.r tr~Jai .and table of contents ('l'OC) inf'orma.'cion 

for·reaomingin a plurality of sectors ·in at least one 'l'OC 

track,. sai.d Toe· information including addresses of reapect.;ive 

atart eectoz:a, each ide~tifying a start sector of a reapevi.:ive 

user· t:c·ackJ enaodi:ng means . for encoding both said user 

information including HPEG•compressed video data and aompresaed 

audio data· and said 'fOC i.nfo.:cmation in a long. distance er1"or 

aorreation. oode . having . at least eight parity symbols 1 mor.ltq.ator 

means for. modulating the encoded user and TOC information;. and . 
~ . 

record:!~ng .meana .for reoord:i-n~ .the modulated. encoded 'l'OC 

120 
-----------------
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i~oaaation aa. embossed pita in· said· at leaat one 'l'OC trac:;k in 

said l.ead-in area and for reeording the modul.at•d, . enc:ode•"- user 
. . . 

·infori.a:t;:i.on aa embossed pita. in said uaer tracka in said program 

area with a tr~ck pitch in the range between o.C546µm and J.05µm. 

114 •. 'l'he apparatus of Claim. 113 wherein said renording 

means is operative to record said emb?8sed.pita with a lirtear 

den.aity in the range between 0.237pm per bit and 0.378µm !',.:t!r _bit. 

lUS. ·The .apparatus of Claim 113. wherein said ~oording 

means is . C>perativ• to record at least one additional 'l'OC ;~:&gion 

contaisiing duplicate TOC information· in· said lead-in area., . . . . . . 

116 •. The apparatus o~ Claim 113 wherein said inr,u:t 

·means further provides application table of ®ntents (MOC) 
. . 

infon .. ation identifying predetermined parameters of the Y.~:/•EG-

com.pre.e·aed video data and the c:om.preaaed ~udio data reaorf.'.ii.ed in 

respective UBE!r tracks, and said reeo~ing . means is furt~.,{:'47'° 

operat,ive to record sa:i.d. ATOC ·information ~n an applic:ati.t.,•:.'1 'l'OC 

region in said program area. 

117. 'l'he apparatus of Claim 116 wherein the ~n­

c,:ompret$i&ed video data is provided in .a selected one of pl11ral 

video ('.lOJDpression · formats, and the compresseci audio data . :1..s 

provic,;a in a. selected one C?f plural audio formats, and a.:dd ATOC 

· informration p~ovided by sa_id input me~s include• plural tormat 

ident,i:f"ier data for identifying- the video compression and audio 
' 

format, recorded in each user track. 

&Oa5 .11111 J ·"" ~-p 121 

nom111ttr1nr 
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118. The appar~t:us of Claim 117 ·wherein . said rEKording 

means ie. operative to reoord a parameter section in said 

appJ,io~=r.tion TOC region oont:aining a pl.iu::aiity of parame'ter 

:f ielda ., eaah para11W9ter field aonta-ining a format :ID eode 

. idEtnti.'fying .one of a video compression format Q.r an audio format, 

and sa;.d input .means. further pz:ovides plural track . sections for 
. . 

.. ·. reco:c-ding by_ aaid rec:o.rding means _in said application TO~':! region, 

each t~aclc. section being ·associated with a :respective usei:· track 

and ea·'?h track section containing at_ least one parameter t:ield 

pointe:c·to designate.the parameter ·field ~ontaining the format ID 

code 1'il11idh identifies the video compression format or audio 

format of the user information recorded-in the associated user 

_track. 

11_9t! '!he apparatus of Claim 118 wherein said rec:;t;)rding 

. means i~f'!dOrds p1ura1 parameter field pointers in at least one 

track :ryection in .. said application TOC region to designate a 

·. corree;;ionding member of parameter fields, thereby identif1ing the 

video ··.:ompression format and the audio format of tha usar 

· inforiM.tion recorded in the user . track associated with aa i. d track 

aectioi.'la 

120. The apparatus of Claim 113 wherein said input 

·means further provid&s application table of contents ( ATt..,~) · . . . . . 

inforai;tion identifying as entry points .particular aectoraa in 

· · each uaer track that contain a aelected type . of ~BG~oomp:n~saed 

videQ •iata, and said·_ recording means, is further operative to 

&095.1111/.9~9.S.21' 122 
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record.said A'l'OC information in-an 11pplication i:oc region in said 

· progra:Ji area. 

121. The awaratua of Claim 120· wherein said. MPJ:.:a-

compresaed video data.is seleat.i'V'ely-compriaed. of intrafra.me 

encoded picture data or predictively encoded picture data~ and 

said ATOC information identifies entry_point·sectors in ea.::b·uaer 

track·~ontaining ~trafra~ encoded picture data. 

122. 'l'he apparatus of ·Claim. 121 wherein said rei:;~ording 

maana·ia ~urther operative to ·record.a plurality of entey point 

field11 in an entry point section of said application 'i'OC region, 

_ and t~ .rec_ord plural track sections in_ said application TiX:· 

· regior-.,. eaah traek aeotion :being associated with a reapecr~ive 

u•ar track, .and said input means is operative to provide each 

entrjr 'point .. field with a l!lector address rep:rese~ting .a ae.::tor in 

a user traqk containing a beginning portion of intrafr~ encoqed 

.picture data, and to provide-at least one entry point field 

point~~ for recording in a track-section to identify the entry 

point field containing ~he sector addreaa which represent~ the 

sector. in which said beginning portion of intraf rame encoded 

piotu~Q data is recorded. 

123. 'l'he. apparatus of Claim 122 wherein aaid ini~ut 

means ·further provides_ data· _representing the nuQIQe:r of en~ry 

point.sectors recorded on said disk and aaid,recording mE:ins is 
- . 

operat;i.ve ·to record said data in said application TOC re~Ji.on. 

123 
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124. 'lhe apparatus _of Claim 113 wherein said recording 

means Jl:ecorda said MPEG-CQDlpreaaed video data and said COl'llpressed 

aUdio data aa. chapters of user information and· is operati· ... re to . 

z-eOord a plurality of chapter seotiona in an applic;.,ation tree 

regio~• and said input means provide• for recording in said 

appli~ation 'l'OC _region in:formation representing res~ctive 

chapter. :Ldentification. predetermined pax:-ameters o:f the.M~EG­

compressect -viaeo_ data ancl :the compressed auctio csata reco.r~~d in 

said ~apect-ive chapter. and ent:r.y pol,.nt t;lata identifyinu ent:r:y 

~int sectors in !laid reapectiVE!.chapter in which selected MPEG.;.. 

compressed .video data are .recorded •. 

125• 'lhe apparatus of Claim 124 wherein said recording 
means ,is further operative to recox-d in said app1ication ··?·oc 

regio1i· a . chapter name section containing a plurality of lfallle . 

fieldt·• • and aaid input- .means is opeerative to provide for 
' :recort.iing in a_·chapter section. as info.Xination repreaent:Lng 

chaptt~r identification. at least one name pointer to ide1rzify a 

name f"ield in which the name of said respective chapter :L1 

·reeor,ied •. 

126. The apparatus of~. Claim 124 Wh .. rein said input 

:m.eana ·:further provides... a~ . said information r~preaenting chapter 

identifiaation,,,. trac~ number da~a f~r identifying the useH· traak 

in whf:.."h said respective chapter is recorded. 

124 

.__ ______ , .... _Received Time· 15. Mar. 9: 55 Print Time 15. Ma~ 10: 3 0 



.. 

'95-03-15 11:20 SONY FOREIGN PATENT 
Frm: C;;Jrtis1 J,orris I Sdfarcl It Ill lllZ) IKH'lii 

1o: 11r. w1at1U: 0no - Sany at 111 Bt5818878lll1l5ff85 

+8135448312163 T-536 I·. 32/46 
·"t..'+ 83-13-Si U;J8 J!ll 

.-·~•at• 

llf llj IU~llfWI, U If II ] .. ·. . p~ 
... -c- . . . . . 450~1.00-3193 

127. 'l'he apparatu.a of C1aim_ 126 wherein. aaid inhlut 

. ~ans_ further provides chapter number. -data for identifying the 

numbez.· of said respective chapter. 

128. .The appara"t?ua . of·· Claim 124 wherein said in):lUt 

means ·provides, as _said inf'ozmation representing chapter.· 
. ~ . 

. identification.· .. catego~ data for iden~ifying a catego%Y 1r.:ype of 
i 

. said. respective ch.apter. 

129. '!he apparatue of. Claim 113 wherein. each BE!· ;itor in 

at le~et aaid user tracks includes a sector header at a l·::tading. 

portion thereofJ and_aaid recording means is operative tc• record 

in saj.d sector header. a sector sync pattern, a sector ad~reaa. 

an error ~ctionaode, and· subcode data. 

130. 'l'he apparatus of Claim 129 · wherein said au!'l"=ode 

· data :i.n a givez:i sector includes a · subcode identifier and "rubcode 

in:for11o,1ation of. a type identified by said subcode. identifL•tr. · 

131. The apparatus of. Cl'aim 13.0 wherein said si;1;:.ioode 

identifier ia a·subcode address. 

132. 'l'he apParatus of claim 130 wherein said u&t;,11r 

i.nfoXlll'·ai.tion ia picture information :representing a respect. .. ;re 

pictuzva• and. said recording means is operative to record. , ,aid 
! . 

pictux··" ·information in at · 1east one sector in said user t. ·ack:a, 

and-·'to reeord as subcode. J.n:to.rmati.on ~i.r!St ·distance .1n:ro.J:J~t•t1.on 

repree·:rnting the distance from ~aid given sector to the H~ctor 

.· i.n wh;.-!':h picture information representing a next precedil1c 

·12s 
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piotur.t! is reeorded and ae:oond dietanc:ie information repre.;senting 

. tne· C::lttit"ane~ · -trom aaia . given sector to the sector in w.ni,:kl 

piatu1.e information representing a next following picture is 

raaorded. 

133. The apparatus of Claim 130 wherein said. en.:::oding 
means =mpriaea means.for gompreseing a predetermined display 
aequenr.:e of picture. data in aac:orda.nce ·with selectively ciifferent. 

types t.">f compression-encoding techniquea. and said aubcoc\;~ 

inforn--ation includea -type identifying _information for idf.r.ttifying 

the type of compression•encoding technique that is used tG 

compnPllB the ·data recorded in said give~ seotor and eequetiee 

_inforni.-ation for ide.ntifying the location in said diapla1 •:iequence · 

of the. picturerepreeentedby the compressE!d picture data ·that is 

record~ in said given aector • 

134. The apparatus of Claim 130 wherein said ua.(,.•.r 

inf'onr:ation ia variable over timer and said aubcode infoJ";::raation· 

ineludaa time code data representing t2-! information at uhioh 
said user infozination is recorded. 

135. The apparatus of Claim 113wherein·aaidTor 

·info~i;ion is representative of record/playback charactelistica, 

diamet1?r,·. recording. cf!lpacity and number of record tracks i;:,f said 

optice.;1.. disk. 

136. The apparatus of Claim 113 wherein aai~ ".l'OC 

informe-1tion inoludea ·Toe identification data for identify:i·~g a 

ioaatiQn of aaid at least one TOC track and configuration data 

126 
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. for identifying .a data configuration of said at least Om!· TOC 

track and a aeator configuration of each of eaid pluralit~ of 

eectora. 

137. · 'l'ba apparatua of Claim 1:13 wherein aaid ~o.;:: 

info~tion includes data representative of disk size. 

138. 'l'he apparatus .of Claim 113wherein said TOC 
information includes data representative of a time code 

aaaoa~.ated with said user infox:mation. 

139. The ag,paratua. of CJ.aim 113 wherein aaid· uaar ·. ·. . . . 

infori-.tation is reproducible at a selected one 0£ plu.ral playback . 

speedat and said 'l'OC info.r:mation includes data representa".;ive of. 
said selected pl~yback speed. 

140. '.rhe apparatus of Claim 113 wherein said en::oding 
means is .comprised of means for receiving aaid user and~~· 
infonriation · aa input c:f•ta J means for ;Lnserting C2 and Cl &lOld 

sectic.na at.predetermirled locations in aaid input data to thereby 
form preliminary Cl words comprised or plural data symbol o means 
for ~enerating C2 parity symbols ·in r~aponae.to a pred.ete.r::mined 
number. of data symbols of the same number of preliluinary '1'.'!1 
words•\ means for~placing aC2 hold section in a pre1imi.:na::y Cl 
word t."i..th said C2 pari t:y symbols to form a· precursory Cl word, 

means for generating Cl parity symbols in response to a 
. precuruoey Cl wordJ and means for inserting said Cl parity 
.symbols into a Cl hold .section to form a Cl code word, wi·:.;h a 
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pre-eutabliahe_d number of· said Cl code words constituting said 

long.distance e;rror aorrection encoded data. 

141. The .apparatus of Claim 140 ·wherein said re:-:ordi.ng 

means 'further includes means for recording·the. symbol• of the Cl 

code ~;orda in a symbol sequence different ·:from the symbol 

aequenoe of said preliminary Cl words. 

l,.42 •. The apparatus of Claim 141 wherein a preli:t.;li.naey 

.·Cl cocle word ia compris_ed .of odd and even symbols and whe~::ein 

said Di.e;Lna for recording ia operative to reco~ the odd ·~~la 

togethE!r in an odd group and.the even symbols together in an even 

group. · 

143 •. The apparatus of Claim 142 wherein each Cl ,lode 

·word ii formed of m aymbc:)la including m-n Cl parity symbo:! 11. 

·where zn and n are integers• and wherein1 

le.= mxi + 2xj ""." lllr when j < m/2 

k = mtci + 2xj - (m-1), wl.te.n j a m/2. 

Whe~ i ia the aeciuential order of the pi-elimi.nary Cl worcf.a of 

input · tiata, . j ia the sequential o~er of the · m symbols in ~aah 

preliiuua:cy Cl code word, and k is, the o~er in which the .l\ · 

symbol~ are recorded on the·disk. 
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144. The apparatus. of C;Laim 113 wherein said encoding· 

comprises a convolutioncode encoder. 

145. '!tl,e appa:ratua of Claim 113. wherein a.aid modulator 

means'compriaea an.n~to-2n modulator in which said TOC and user· 

infoz-::aati.On are aupplied aa n-b.it bytes. including plura1 storage 

tablea.. each for storing 2n-bit. symbol• co:r:reaponding to 

resper::itive n-bit bytesJ mean& for. reading from a ae1ected. one 

storage table. a 2n;.bi.t symbol in response to a supplied r.•bit 

byte1 and mea~ for selecting said. storage table aa a fuit~t.i.on. of 

·th~ preceding 2n-bit symbol.that had been· read. 

~46. The appara.tus .of Claim 145., wherein eucceu.11ive 2n-
' 

b.it symbols are run length limited. 

147. 'l'he apparatus of Claim 146 wherein at leao·c· two of 

said ~torage tables store different 2n-bit symbols for tb~ same 

n-bit byte. 

148. The apparatus of Claim 14 7 wherein the 2n-:-,it 
. . 

•ymbola stored in one of said two storage. tabl~s exhibit ~sitive 

digital sum.value .CDSV) and _the 2n-bit symbols stored in -:.~he· 

other <>f. said two storage .tables exhibit negative DS9' •· 

149. The apparatus of Claim 148 wherein said me&:na for 

se1ect:i.ng aaid one storage table inc:ludea means for sensi.rg:the 

. number of •o• bits· in which the preceding 2·n-bit symbol 

terminrxtea. :means for determining the accumulated DSV of ,:;; 

predetf!;rmined number. of preceding 2n-bit aymbo1a and meana for··· 

. SOAS.llil/.UW.»P 129 
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sel~ting the storage table.a~ ·a function of the sensed number of 

•O" b~ta and tb• accumu~ated DSV. · 

150. .Appar~tus for reproducing data from an opt; ~I.cal 

disk naving a diameta.r l••• t.han 140nn, a th.ickneaa of 1 .. 2mm :t 

o. lmm and a recording area divided into a lead-in area, ,.. program 

area and a lead-out area, and wherein a aid data is recar<a .. ~ .a• 

emboaieed pi.ta repre11ent::Lng modul.ated.,. error-correction e.r\coded 

user information including HPEC3-compreaaed video ·data ano. 
compressed audio data in aectora in user tracks. in said p~gram 

• area, : representing l'llQdulated, error-correction encoded L:.able of ·· 

contents ('l'OC) information .. in sector• in at least one TOt. track 

·. in sa;:,d lead~in area with said. TOC information including· 

addref,u1es of respective. start · sectors of said user track$.. and 

repre~:.enting application ~able of contents (MOC) info~t.ion in 

·aecto;..:111 in at least one. track in said program area relatnd to 

aaid l:D?EG-compressed video and compreaaed audio datap the track• 
. . i . . 

having a track pitch in the range of 0.646µm to l.05µm1 2il.id 

apparatus eomprising meana for rotatin? said disk to obta:ln a 

conatE.nt l.inear velooity J. pickup means for projecting a ll'tckup 

light beam througl'i a lens to optically. read the rot_a.ting :lisk, 

· said pickup light l>eam having a spatial frequency .I = >J2:;;JA., 

whe,re the a~tial frequency JI. is less than the track ·pitc:;\j, A. .ia 

the wavelength of the piclmp light beam and NA is the. num1·~riaal 

apert~ of the lens J demodulating means for demodulating,, the · 

data .r:·ead from .said diskp error correcting means for erro:i·.~ 
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correcting the. demodulated data• means for.·aeparating the error 

corrected data into TOC infozmation. ATOC information ane; uaer 

information• .and · control· means reapon_aive to eaid TOC 

infoZ'J\4.ation to ac:e1eas and read selected user traclta .·in :r:ee1po~se 

to aceeaa inetructions·from a user and responeive to -aaid ATOC . . . ' . . . . 

inf oriuation to reproduce selectad video and audio data from said 

disk~ 

151. The appar•t~a of Claim 150 wherein aaid embossed 

pits have.a linear density in the range between 0.2371111l ~!Sr bit 

and o .. 378;.-m per bit. 

152. The apparat:ua·of Claim 150 wherein at 1eas~ .one 

additional ~ ~gion contal,.ning duplicate· TOC info.onatioC!l is · 

locat4~d in said lead-in area. 

153. The appara~ua of Cl.aim 1 !SO· wherein said A'l'';X: 

· .· info..r;mation ic;lentifies predetermined parameters of the MP'~G­

_compreseed video data· and the compressed audio data reao~d in 

reapec;tiY.e uaer tracks. 

154. The BPParatua of Claim 153 wherein the MPE(J• 
. . ·. . . 

oompreaaed video data in a reepective uaer traak.. is enao6Ji:Y.f in a 

aalaated one of plural video comp~1Htion formats.. the comp.reseed 

audio iata ia eDC!oded in a selected one of plural audio fc.irmatl!I, 
. . 

~nd said A'rOC inf<;>z:lna,tion includes plural format identifit ,r . data 

for id'l'.!ntifying the·video compression and audio fonaats uaed. in 

eaah user track. 
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155. The apparatQa of Claim 1"54 wherein aaid MOC 
,.· . 

infoxl.iation includes· a P8!rameter section containing a pl-c.ra1ity . 

.. of parameter ·fields, each parameter field containing a format ID 

code identifying ona of a. video aompre•aioQ format or an audio 

fo:z::mat. andplural.track section&. aach being asaociated_with a 

respective uaer track and each aontai.ning_ at least one pe.rameter 

field pointer to designate the parameter field containing the 

format ZD code which identif iaa the video compression foriliat or 

audio"fo.z:mat o:f the uaer· information recorded in the aaaoa.i,ated 

user track. 

156. The apparatus of Claim 155 wherein at least. one 

track section of said ATOC information contains .plural parameter 

field pc>intera to designate· a corresponding number of par.ameter . 
fieldB • tJ'lereby iden~ifying the.· video compression fontat a.nd the 

audio :fomat.of the user information recorded in the user track 

assoaiatad with aaid. one track section. 

157. The .·apparatus of_ Claim 150 wherein said ATOC 

infoZ'lfl.ation. identifies as entry points particular sector• in each 

user tz-ack that contain selected MPSG-aompressed video d&-J:a. 

158. The apparatus of Claim 157 wherein said MP~'3-

ccmpressed video data ia selectively comprised of· intrafrt:~ 
encoded picture data· or predictively encoded picture data,? and 

said A~OC information idantifiea entry point sectors in eff\ch data 

track Qontaining intraframe encoded picture data~ 
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159. The ~pparatu11 of Claim 158 wherein said uoc 

information include• an enti:y point section containing a 

plurality of ent.r:y point fields,. each entry point field 

containing a sector addreaa ·representing a sector in a ua•~r track 

containing a beginning .portion of intraframe ·encoded pict11re 

·data. and. aaid A'l'OC information further ~eludes plux-al ·t:.-:aclc 

sections. each peing.aaaociated with a reapective user track and 

each c:ontaining. at least oneent:ry point field pointer to 
.. 

. identify tbs entry point field· c9ntaining the sector address 

which represents.the .sector .:i,n which said.beginning portion of 

intraframe encoded·picture·data i11 recorded. 

1GO • 'l'he:. . 11ap~111..r.-. l.u1::1 q.C Cl11a.im 159 wl11:!.1.~.i.u 11tlld ATOO 

infortiation further includes data representing the number. of 

entry point sectors record,ed on said disk.· 

161. The method .of Claim 150 wherein aaid HPEG­

compreeaed video data and said compressed audio data are n1corded 

aa ·chapters of user information; and said A'l'OC infozmatio~i. 

. o()ntai~'ls 0 a plurality of c~pter sections. each containinq 

infon~tion representing .respective. chapter identification,, 

~de~:.;eadned parameter•· of. the · MPBG-compressed video dat: a ·and 

the oompre~sed audio data recorded .in said respective chapter. 

and e;,,try point: data identifying entry· point . sectors in eiaid 

reape1:itive chapter in which selec~ed MPEG-compreaaed vidt·:o d.ata 

are reco.rded. 
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162. 'l'he apparatua of Claim.161wherein11aid ATC.C 

information further oontaina a plurality of name. fields• «nd said 

info;r:mation.in a chapter section ~presenting chapter 

i.danti:fi.c::ation . include• at least one name pointer to id.G!lntify a 

nanie :t' ield in which the name o:f said reapecti.ve chapter i. ·;· 

recorC:t..>d.. 

1«53. The_ apparatusof:Claim 161 wherein said 

info:r:.ation i.n a. _chapter aeation repreaenting chapter 

ident~fication includea track number data for identifying the 

user track in which aaid respective. chapter ia recorded. 

164. The appara-t;us of Claim 163_wherein said 

information in a chapter section representing chapter 

. ident-:L.fication further includes chapter number data for 

..· identi.fying the n~er of said respective chapter. 

165. 'l'be apP&ratua of Claim..lol wherein aaid 

.information in a ebapter section-representing chapter 
. ·. 

· ident:Lfication. includes category da-ta for identifying a c-atego.zy 

type r.>f said respective chapter. 

166. !!he ·apparatQs. of' Claim 150 wherein eaoh &E:!(:tor of 

at le,._st said user tracks .includes a sector header at a J..eading 

portit1n thereof, a~id sector header containing a aeator i;;ync 

, pattern, a aector address-, .an error detection code .. · and s'W:>code 

data. 
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167. The apparatus of Claim 166 whe~~- !Code 

data in a given aector includes a au~e identifier and ~uboode 

information of_ a type identified by aaid subaode identifier. 

168. 'l'he apparatus of Claim_16? wherein said aubc:ode 

ident:l.fier is a aubcode addreB•• 

169. 'l'he apparatue of Claim 167 wherein said usal!itr 

information is· picture information representing a respec;~:'; 1.ve 

picture, said picture information being recorded in at le~at one 

seotor in a user track, and wherein ea.id aubcode informat ·i..on 

includes first distance infozmation represent;ing the distance 

from $aid 9iven sector to the sector in which picture inf~rmation 

repreAenting a next preceding picture is recorded and sec~nd 

distance. infoz:mation representinq the distance from said .given 

sector to the sector in which picture infoxmatiort reprea~nting.a 

nezt following picture.is recorded. 

170. The apparatus.of Claim 167 wherein said ueer 

infouiUltion is compressed picture d~ta selectively compr:l sed of 

diffe:r:ent types of c~pres•ion-enaoded ~!=a representing 

reape1:tive pictures having .a predetermined diapl,ay aequet:ce, and 

said •ubcode info.Emation inaludes type identifying information. 

for iaenti~ying the type of compre~aion-encoded data that !a 

· recorQ&d .in· said given. sector and· sequence infoxmation f.;1;.. 
ident i.fying the location in said display . aequence of the oi~ture . : . . . ·. .. 
reprer1ented by . the compression""'.'enooded data that is recorded in 

aaid rJiven aeator. · 
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171. The apparatus of claim 167 wherein.said uaft!r 

info%111ation ia variable over timer· and said aubaode infor1;l&tion 

. inc:lucia•. time oode data rap_resenting time information at Y:-1hich 

aaid uaer in£ormation i• recorded. 

172. The apparatus of Claim 150.wherein said TOC · 
. . 

. . . . . . . 

information is . rep~s~ritative of· record/playback characte~~·iatica. 

diamet.-er, recording capacity an4 ~umber of record tracks· 1':Jf said 

disk. 

173. The apparatus of .c1aim. 150 wherein said TO·.! 

inf o~tion includes TOC identification data for identi~~ng a 

locatl.on of said at least· o~ "l'OC track, data· eonfi9urati:1n of 

said at le;ist one TOC track. and sector configuration of ~ach of 

said p.1urality of sectors. 

· 174. ~he app~ratus of Claim 150 wherein said 7'0.-C 

information includes data representative of disk si11e. 

175. '!he apparatus. of Claim 1.50 wherein said TO'.':· 

infoo;w.tion includes data repreaentative of a time code· 

aasoa~.ated with said user informa~ion. 

17G. The apparat\:lliil of Cla.im 150 wherein aai.4 user 

info~tion ia reproducible a~ a selected one of plural playback 

apeedli • and aaid 'l'OC information ·includes data repreaenta+:ive of 

said selected playbaak speed. 

177. '!rhe apparatus 0£ Claim 150 wherein said e1: cor­

aorrec•tion encoded infomation ls formed of a pre-eatabl:l 1hed 

numbeJ.:· of Cl .code words, each Cl c0de word containing 
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infor1natio.n aymbols, C2 parity . symbols each of which :i.a dii'rivad 

from an information symbol included in a preassigned number of Cl 

code w:>rd_a, and Cl p~rity symbol a each of which is deriveC:· from a 

predetermined numbe~ of symbols, including information ayulbola 

and C2 parity symbol.a in said Cl co~ word• and wherein said 

error <=orrecting means includes Cl. parity co.rrection mea.1:u to 

error correct a Cl code word with Cl parity symbols incl.u(:,ed . '•. . . 

therei~. C2 parity correction means to error correct reaptoti~ 

information symbols inc1ud&d in said preassigned number 01: Cl 

co&! w.,,rds with c2 par.ity symbols included in the error corrected 

Cl codeword, and means for.forming an error corr~ted Cl code 

-word from the info:mation .symbols that had been corrected by 

. using said C2 · parity .correction •ans. 

178 •. ~he apparatus of Claim 177 wherein said 

inforip:itic;>n aymbo1s-are recorded in a disarranged order• Lnd 

wherei.n said· error correcti·ng.means further includes rear1·anging 

means tor rearranging the order of the symbols included if• said 

erro.J;" oorreated Cl code word to an arranged sequence.·. 

179. The apparatus of C1aim 178 wherein said 

diaar~anged order ia f oxiued of odd inf9J:m&tion symbols re~~rded 

'in .an odd group and .even .information symbols recorded in .o.n even 

group, . and said arranged sequence is formed of . sequential 

alternating odd and even information ayaabola. 
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180. The apparatus of Claim 179 wherein each Cl code 

word is fo:r:med of m symbols ~ncluding n infol':llUltion symbols, 

where m and n a.re integer•• and wherein• 

i = (k/m) -· (kmod2) + l 

j = (m/2) x (kmod2) + (Jcmodm)/2 

·. where i. ia . t:ha . aequential order of the err.or-corrected Cl ?Ode 

words, j is the aeqaential order of the arranged sequence of m 

symbols in each. error-corrected Cl. codeword,. and k ia th6 

disarranged order inwhieh them aymbolaare 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 15Q wherein .said dai;a. on 

the d;ak ·is modulated as- a run length limited (RLL.) codet -:1nd 

said demodulating means includes an RLL decoder • 

. 183. The apparatus of Claim 182 wherein said RLJ.. aode 

is (2,10) RLL code, such that successive data transitions ~1re 

separated by no lesa than 2 data bit cel1s and by no more ~-~han 10 

data bit cells. 

184. The appar•tua of Claim182 wherein •aid IU:.Ii.code 

is recordedaa 2n-bit information "Words, and said RLL decoder : . . . 

converta said 2n•bit -information words into n-bit infonnation 

words. 

185. 'the apparatus of Claim 184 whe~ein said RLL 

deaoder comprises a pluraliey of storage tables, each for 1.tor:Lng 
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a11Veral .. n-bit information words, means for •electing a particular 

table aa a function of a preceding 2n-bit information word read 

f'~ aaid diak, and.means for reAding out frgm the.eelectec;i i:abl• 

an n-bit infoxmation wozd which gorreeponda to the 2n-bit ,. 

information word presently read from said diak. 

186. The apparatus· .of Claim 185 wherein at least one 

. 2n-bit information word read f.rom. the disk correaponda to ·~'WO 

different n-bit infoz:mation words one of which ia stored iu one 

table and the other of which is stored in another table, and· 

whereir:. said means for selecting includes meana for examin;i,.ng the 

2n-bit information word which next follow& said presently ~ead 
J 

2n-bit ~nformation word to control the aeleatiOn of aaid Qne or 

said other table as a function. of 1;1aid next-following 2n-b:::.t ·. 

information word • 

187. '!'he apparatus of Claim 186 wherein said mea1.~s for 

examining 'comprises means for sensing predetermined bits ir:. aaid 

next-following 2n-bit information word to determine the tarle to 

be aele<~ted for said next-following 2n-bit infozmation worci, and 

means for controlling aaid selecting means to selaot said o~e or 

said other table for said presently read 2n-bit information word 

depending upon. the table to be selected foraaid next following 

2n-bit information word'" 
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