;e3eVjVI T 6Tj6Z TITLE OF THE | NVENTI ON REPRODUCI NG METHOD, REPRODUCI NG
APPARATUS; RECORDI NG METHOD, AND RECORDI NG APPARATUS BACKGROUND OF THE

| NVENTI ON Field of the Invention The present invention rel at mNNMto
a reproducin reproduci ng apparatus) recordi ng met hoaﬂ\ﬁ\ﬁ NM\
recordinsmmMEﬂmﬁﬂﬂgmlor functional ly expandi ng a rmagnet o- opt i LS&
usable b

such a mannerc®®*to nai ntain conpatibility with the conventional M system
Di scussi on of the Background Thé so-called Mni-disc (M), a 64 mm across
magnet o-opti cal disc housed in a cartridge, has gai ned w despread '
acceptance today as a storage nediumto and from which digital audio data

are recorded and reproduced. The M %ystenlado ts ATRAC (Adaptive TRansform’

Acoustic Coding) as its audi oId&dLE OFnIHES ) FORbd. ATRAC i nvol ves
conpression-codin%zaudio data by what is called MDCT (Modified D screte
Cosi ne Transf oRHPROMICING MERHEP d REPRREBUGENG ARPARATUS: RECOBNING .
predeterm ned tine wi ndow. Typically, nusic data are conpressed by ATRAC t
one-fifth to one-tenth tMETHOR rAND SREGOROING MMPBARATUSULI | izes a

convol ution code called ACI RC (Advanced Cross Interl eave Reed- Sol onon Code)
as its error._correction systemand EFM (Ei ght-to-Fourteen Mdul ati on) as
its nmodul ation technique. ACCRC is a convolution code that provides dual
error correction on BACKGROUND OF THE INVENTION

Field of the Invention

The present invention'relates generally to a
reproducing‘methbd, reproducing apparatus, recording
method, and a‘recdrding apparatus for functionally
expanding a maéneto—opticél disc usable by a conventicnal
mini-disc (MD) system, the'expansioﬁ being made in such a |
manner as to maintain compatibility with the cénventional

MD system.

Discussion of the Background

The so-called Mini-disc (MD), a 64 mm-across
magneto-optical disc housed in a cartridge, has gained
widespread acceptance today as a storage medium to and
from which.Qigital audio data are recorded and reproduced.

‘The MD system adopts ATRAC (Adaptive TRansform
Acoustic Coding) as its audio data compression method.
ATRAC-involves compression-coding audio data by what is

called MDCT (Modified Discrete Cosine Transform). The

nal mni-disc (MD) system the expansion befhg made in.:

AN



Cl and C2 sequences (in vertical and oblique directions). The nethod is
used to carry out a powerful error correction process on sequential data
such as audi o data. One di sadvantage of ACCRC is that it requires a |linking
sector arrangenent for data update purposes. ACIRC and EFMare basically
the sane as those enployed in a conventional conpact disc (CD) system For
nmusi ¢ ‘data managenent, the MD system uses U TOC (User TOC [ Tabl e of
Contents]). Specifically, a U-TOC area is furni'shed on an inner side of a
recordabl e area of the disc. For the current MD system U TOC constitutes
the track (audio track/data track) title sequence and managenent ,

i nf or mat i oRUAAS dadauhas hearo dasngd whreudie & aurdtitreroinetd| eineon of
such tracks. Under the U TOC schene, each track (i.e., parts constituting
each trackyindowana§eniralizs neusicsdate puei coupreesedpbyi NIRAC awd 2

node settings. The disc for the MD systemis small, inexpensive, and offers
good char aonerifsfiths tehemeardsenthy thee oxyigtieralt eirmcord or reproduce audio
data. These advantages have enabled the MD systemto gain w despread narket

acceptance. As reThgnMRedybyemhatplesest ai aparbdusioMDesyst @3l 1kave not
fully achieved their potential in the market as they are not conpatible

W th gener ACIRUr (RS af@ CRicss Tkl rd®aRR R - SABUEECoddprapver,
convention MD systens use different file nmanagenent schenes than the File

Al l ocat i oniEabkeroPAThYR@sRd ol s stist @il BFe0 (HY PRI SUEGAmY ers. Wth

nore general use of personal conputers and PC baséd netmoftlng, nore and

mor e audi ovdataagtendi sk byl alauteh iR RRYAIRINOT kerpfoddy, 1T TS common

practice for the user of a personal conputer to use It as an audi o server

[rom ot oNebAvaRNRLBAT LALOLHLE MSlAdEY Sl S | Alle ol Tgpr oduc ng

apparatus for nusic repro s recognize he present inventors,
comput or s, 3 oD SPEiehEeR U edied . il sl et A Y pur pose
anagenent 1fYshElho! (A A2l AT S ot LadadP\ Sk system to 3
correction process on sequential data such és audio data.
One disadvantage of ACIRC is that it requires a linking
sector arrangement for data update purposes. ACIRC and
EFM are basically the same as those employed in a |
cbnventional compact disc (CD) system..
For music data management, the MD system uses U-TOC
(User TOC [Table of Contents]) . Specifically, a U-TOC
area ié furnished on an inner side of a recordable area
of the disc. For the current MD systeh, U-TOC constitutes
the track (audio track/data track) title sequence and
management information that is updated to keep up with
the recording or deletion of such tracks. Under the U-TOC
scheme, each track (i.e., parts coﬁstituting each track)

is managed in terms of start position, end position, and

2



enhance PC-conpatibility. As explained in Wite, R, "How Conputers Wrk,

M Il ennium Edition" Que Corporation, pages 146 and 158 for exanple, 1999,
the entire contents of which being incorporated herein by reference, the
FAT is created by the disk dri-ve on a particular disk sector, such as
sector 0. The term "FAT" (or "FAT System') is used generically herein to
descri be various PC-based file systens, and is intended to cover the .
specific FAT-based file systens used in DOS, VFAT (virtual FAT) used in

W ndows 95/98, FAT 32 used in Wndows 98/ ME/ 2000, as well as NTFS (NT file
system soneti nes New Technology File System). which is the file system used
by W ndows nigfileompertatiingg .system or optionally in Wndows 2000 operating
system for storing and retrieving files on read/wite disks. NTFS is the
W ndows NT equi vatreet dakct fer\lehdomp 89 stiele il lsarali,on deaidehiRAT) and the
0OS/ 2 Hi gh Performance File System (HPFS). Meanwhil e, a hi gher degree of
conpat i bi | iand wﬂﬂér@?wmlcma&rissmwa@r@@é&%yi%Oéygeéﬁt hori zed
copyi ng of copyrighted works, which in-turn requires better techniques to
prot ect agaionYedrAIJIOMARGRRAY IAWIY BHL 0 RS a%éft%%&%oll'% al way
of reinforcing copyright ["aws involves encrypting the audio rks en 4
recorded. ldna i T, gngg- {4t | nanes recorded on
t he disc bghr?ab‘%aegegqﬁeﬁ@ r??r%ett%?h Ci enltq'1 tn“%r%egs}%a’g%h%%%sent . The curr.ent
ND'systenlg%%% 2adieC With a storage capacity of about 160 MB, which, as
recogni zed by the present inventors, is not always sufficient for the user.

S requirenent forA%ata storage..lt.is thus d%ered hat tgﬁjstora e
capacity of a new iggcggnﬁgggtgg Pl BEPEFEn Ay SHarOWar 082 &b $Hle with
t he current. _MD syst SUMVARY: COF, THE .| N\VENTI.ON It js therefore an object
of the pr ei’&ﬁte f%&e%ﬁl&ﬁ AE TS TS ife BRFEAE W 1 Hebe fRRTEPERPes of

the related.,art and to provide repr Qduci ng net hod, reproduci ng appar at us,
a recordin hﬁ@iﬁﬁ&,“&ﬁdqﬁﬂﬂﬁgﬁﬁl? SaneYy RUFRRIR EPYPWRRESI ng audi t
data through the integration of the FAT systemon MD nedia. Alternatively,
ot her nedi FUCHr A8t PSEERSdd CLFRMISTS -n MPEROVEE /t FONVERTHIARY IO t he
present disclosure. Wile a "summary" of selected aspects of the invention
are provi dé¥sgermenwisenidd fferemty fiid endariagemaidd sachdreantkamatiei ve
listing of all novel attributes and conbination of attributes of the
present inVéAei dalomgtion Mabd es FRdy-hasteshded ¢ eyrtowmstseddis

personal computers.

With more general use of personai computers and PC-

based networking, more and more audio data are

distributed over PC-based networks. Today, it is common

practice for the user of a personal computer to use it as

an audio server from which to download favorite music

files to a portable data reproducing apparatus for music

reproduction. As recognized by the present inventors,

because the conventional MD system is not fully

compatible with personal computers, a new MD system is

desirable that would adopt a general-purpose management

system, such as a FAT (File Ailocation'Table) gystem, to



i ndependent of the other aspects of the present disclosure. In carrying out
the invention and according to one aspect thereof, there is provided a
reproduci ng nmethod i ncluding the steps of: selecting one of a plurality of
tracks described in a play order table designating an order of reproduction
.of the tracks; reading track information corresponding to the sel ected
“track froma track information table which includes a coding systemand a
decryption key corresponding to each track, and a plurality of itens of
track information each of which has pointer information pointing to one of
a plurality of itens of part information within a part information table;
readi ng t henpancei RCocospadiibdditespondi ng to the pointer information
within the read track information, each of the plurality of itens of the
part information kavexglaipadt inf WhiieepoRnt erHoW! coiBULeRrsP@oid,Ng t0 part
of a single audio file; reading that part of the audio file which
cor r espondHildehhé upa EG1ipaiohe Quien oiiiRiria®i oM, ! Hiadgdde deathdards
i nformation; and decrypting the read part of the audio file based on the

decrypti ontkeyegafpliRe a08ioNg t1S ey HAC CHYidIE o %@'&fﬁigﬁ{ et of the
invention, there is provided a reproducing nethod including t steps of:

6 readi nSlncEEBES‘rﬁtTeHaﬁErje'lfnoE)?ﬁ&‘é?%éle&@eq e rﬁ%’ﬁang ALK P tt}}f) nas

i nformation corresponding to ea urality t'racks as we

pointer in : LRN 3poiAt ing .t entr. rtial data i,n a single file,
track info?ﬁ%??%%giﬁcﬁﬁgiﬁg thaggé?yﬁﬁ¥bﬁgﬁn gﬁ%%ﬂﬁﬁ1%§? é?%onding to a
selected t ngd t 0j rwibpr mati Q oLnting,to.the entry; reading

t he partia%éég?g ?h t egf#gégbaggﬁ oggfhegﬁgi%ngeﬂn§oﬁﬁaPF8 pointing to
the entry; . ting t.he read data based on the, decrypti.on
infornatioﬂgﬂggg§%%¥ﬁghﬁge&nfﬁptﬁgﬁcﬁé chaJPOFﬁe%qﬂﬁﬁﬁq r€1¥%ere is

pravi ded a regroducing agpar tua@includin . a,selecting elenent for

sel ecting OHE-BF°a Plbr &P PCERAeRaERs CO¥EE: thgd SR cd Ty A Rasadhbl e
designatingﬁgn order of reprqduction of the tracks; a track information
readi ng el ﬁtSYﬁFeWEaH?ﬁg £PaPRSI nVEATat (VA tegdr FRFInHSRS tid t he sel ect ed
track froma track information table which includes a coding systemand a
decrypt i on"kB OUﬁrPézﬁémdFﬁa 88 egerd fnalindgwe 28ME/RAGQ0, ofs iwednls of
track informati on each of which has pointer information pointing to one of
a plural ity NTFBeMTofipar sYPREEr nEPMEH imesh Neva Tembmaligfgy dtlieon table; a
part information reading elenent for reading the part information

cor r espondfYigtem) t Waighi Asechenfol pusiyeten used: biyn WimeawsadlT r ack
information, each of the plurality of itens of part information having part
poi nter in¢Reynation ppshemngoroopéivnellly snnyliadawei @ oftid eperataudjo file
readi ng el enment for reading that part of the audio file which corresponds
to the parsypoémi efornsbomingoandi retritkdngedd lpar on feaidyatdic and a

disks. NTFS is the Windows NT equivalent?cf.the,Windows
95 file allocation table (FAT) and the 0S/2 High
Performance File System (HPFS).

Meanwhile, a higher degree of compatibility with
personal computers means increased risk of unauthorized:
copying of copyrighted works, which in-turn requires
better techniques to protect against unauthorized copYiﬁg
of audio works. One technological way of reinforcing

copyright laws involves encrybting the audio works when



decrypting el enent for decrypting the read part of the audio file based on
the decryption key and the coding system According to an even further
aspect of the invention, there is provided a reproduci ng apparat us
including: an element for reading, froma track information table for
managi ng decryption information corresponding to each of .tracks as well as
pointer ' information pointing to an entry to partial data in a single--
file, track information including the decryption infornmation correspondi ng
to a selected track and the pointer information pointing to the entry; an
el ement for reading the partial data in the file based on the pointer
i nf or mat i orecorflesh eléndst aflep desiyped nhathewsdad tdatleshasel axt itdte
decryption information. According to a still further aspect of the
invention, narerse nesquded ded the eticradibeg nmatdwst | ic| aidhege tSEE 5¢ p@st of :
generating a play order table designating 8 an order of reproduction of a
plurality ofarneackdiargerteatdgwnta, track i nformation table which includes a
codi ng system and a decryption key corresponding to each of the plurality
of tracks, and a phuralirkgnel MD! efeteh Ukeekal BHRCTRLILEN £adlbRigami ch has
poi nter information pointing to one of a plurality of itens of part
i nf or mat i oRaaldiitY PP YITME O A & AENLHANY, dhepatite | N OF mat i on
table including the plurality of itens of part infornmation each of which
has part pej. i nf.£ | i ntd r . Sl jo file; and
Pl NifR/dmRidan pal ﬁd@%l%ﬁagfﬁguéd.}fglﬁlt%ﬁ?%% AL

if audio data are recorded as part of t _ _ en recording

{0 1o o LRI AR FIP IGRIAL {1 PR Oy L o0l e

e 10 gakhe Lo ot g ALack dOTR ORISR e gtk

aspect of  CROSIRIIN AT AL A R e f BB PR AR O (A LRimg ¢ he
g

- steps of: genérating a track information table for managi ng decryption
information corresponding to each of tracks as well as pointer information

ointing tg part of a single file; and if data are recorded anew as part of
Fhe Si ng| e y‘BIMA.RY OF THE %NVENTION : p

It is therefore an object of the present invention
to overcome the above and other deficiencies of the
related art and to provide a reproducing method,
reproducing apparatus, a recording method, and recording
dpparatus for efficiently manaéing audio data through the
integration of the FAT system on MD media. Alternatively,
cher media formats be used as well in light of the
teachings of the present disclosure.

While a “summary” of seiected aspects of the
“invention are provided below, this summary is not
intended to be an exhaustive listing of all novel
attributes and combination of attributes of the present

invention. Nor is this summary intended to be construed



file, then recording to the track information table, decryption information
corresponding to the track of interest as well as pointer information
pointing to an entry to the newy recorded data as part of the single file.
According to another aspect of the invention, there is provided a recording
apparatus including: a play order table generating el enent for generating a
play order table designating an order of reproduction of a plurality of v
tracks; a track information table generating elenent for generating a track
information table which includes a coding systemand a decryption key
corresponding to each of the plurality of tracks, and a plurality of itens
of track i dfslepsnidentesdh tdre witihgr apesistali the @resénn pointing to one
of a plurality of items of part information within a part information
tabl e; a pakiwsdlossmeati on tabl e generating el enent for generating the part
information table including the plurality of itens of part information each
of which has par Tnpeiatrgti nignfoatnihieo i npeintiiicry dml pardoding st dghee audi o
file; and a recording elenment which, if audio data are recorded as part of.
the audi o dapad ltheridod) rerafelsid @ridve G rL SRspebdge DR tméPhea mat i on
itemin the part information table the |location of the audio data as the |0
part poi nt @hdlMdamnpiihen sidss gfec Yedidid ity tdige GO £SPPREA NP4 " GEK
information itemin the track information table the coding system the
decrypti on tk@yk 2R 4438 Rl RLLrs idif | r qﬂggg% t audi o
data. According tgga fuﬁ?ﬁ%?lgébégfgégﬁ%%gpﬁ%@%ﬁ%ion, éé&%ﬁ?sggrovided a
recordi ng i) WeTe ¥ I g I ack
i nformati o%@%&?gﬁgfﬁ%ﬁﬁgrge%ﬁfgﬁo@ﬁafﬁsdr (rarga%%{nﬁig?%%%ondi ng to each
of tracks pajnt.er. | I i 0 Ol Nt - [, Of single file;
Ixf at3snP Y atsgor}fﬁr{gatt'o gzgge a%giééqu-té% fiplfl%ék %rg

and an el enent ich, i are recor p e 5|ngTeafiIe,.then
records to tr, i_nfaqr i tahl.e, decryption information _
correspondittf'iﬁg-‘eJ ol?‘%ieéff"%gg'l?qg;t% %eerW sltdhasleF&eass apocf%%e]?gi FY3F Bt i on
pointing tg an_entry to.the.recorded data .as part of the single file.
Accor di ng ?8%tﬁi ?f*?? 'QEmk%¥tﬂ%ﬁﬁ?%Rﬂéﬁ%ﬁﬁi?ﬂ1???QaEﬁﬁF%ﬂ aRdi ® data

file are geiera ed on _a .disc s%Lving as, the storage nedium These are the
files mana§edTBy1the OfoiEaMse PIFAF G tahormRt i ekt ot fyhechshasti| e

t hat accommpdates a plurality of audio data itens. Wien viewed fromthe FAT

R U 1, /1
system thBPAOEES dRELTMAtd ORIt ing $© PRRerE |arkiral tty e ,
conposition of this file is divided into parts, 11 so that audio data are
handl ed as15e8&t off Pagén ipformatiion widdiin o drart i orfo¥matiena file that
describes various types of information for managing the audi o data
contai ned FAPLRe Zgadangatdief Pagt HmEanmedid dmdmrtesrondimmdeo uphef a pl ay
order table, a programred play order table, a group information table, a
track i nfoPRanten fafcamagicar withfior rdte areadiimgclanthformateiombl e. The
pl ay-order table indicates the order of audio data reproduction defined by
default. Aeashchf the playadrdder dfaliltem=omifaitise ipdor nenformaepoesent i ng
links to track descriptors corresponding to track nunbers (i.e., nusic
title nunbbasingnat partr ack tivef goieitean ifrefid@nathivn pseDiedmnE d:§l payrer der
tabl e contains the order

of a single audio file; reading t;hat part of the audio
file which correspondé to the part pointer information
within the read part information; and decrypting the read
~part of the audio file based on the decryption key and
the coding system.

According to another aspect of the invention, there

is provided a reproducing method including the steps of:




of audi o data reproduction defined by the individual user. As such, the
programmed play order table describes programred track information
representing links to the track descriptors corresponding to the track
nunbers. The group information table describes information about groups. A
group is defined as a set of one or nore tracks having serial track
nunbers, or a set of one or nore tracks with progranmed serial track
nunbers. The track information table describes information about tracks
representing music titles. Specifically, the track information table is
made up of track descriptors 12 representing tracks (nusic titles). Each
~ track descrrieptidhgjesaoimes taaeddiing cryeitdion aeblid Hor MRaageimnt

i nformation, content decryption key information, pointer . 1nformation

poi nting tdethgprabhn AwnFHRmatdion Rb¥eddthdEMg td @ddie dJrisd c title of the
track in question, an artist nane, a title nane, original title order

i nformatiop)uaad ikecrditRkhdds s Welmald QbR ¥ AAacion N questi on.

The part information table describes pointers allowng part nunbers to

PO 10 agealuske i kadarald o Saccidrall vy dhgpers gl o or
Cabl e, Eacheasr: “qteeriiciih TrRlPR Al B ddalntor REGMEER end
next part. “VRESSRORIREE 8 Eupebiodh B PR BT a part i cul ar
Dl 2y or dor PABFECHRE BPAOE Ge0a B SEor s OIS (19 FRATTIAK from
bt ai nod | PBRAL G 55 (FA BASRALION 0t BSMGHE S ATHETHHCOH nf or mat i on 13
pointing to the entry; and decrypting the read data based
on the decryption information.
According to a further aspect of the invention,
there is providéd a reproducing apparatus including: a
selecting element for selecting one of a plurality of
tracks described in a play order table designating an
order of reproduction of the tracks; a track information
reading.element for reading track information
corresponding to the selected track from a track
information table which includes a codihg system and a
decryptidn,key correspoﬁding to each track, and a
plurality of items of tréck information each of which has
pointer information pointing to one of a plurality of
items of part information within a part information

table; a part information reading element for reading the

part information corresponding to the pointer information |



table, and the part descriptor indicating the area containing entry data is
acquired. Fromthe part descriptor, access is gained to the location, in
the audio data file, of the first part containing the desired audi o data,
and data are retrieved fromthe accessed | ocation. The reproduced data from
the location are decrypted using the acquired key information for audio
data reproduction. If the part descriptor has a |ink to another part, the

|l i nked part is accessed and the above steps are repeated. BRI EF DESCRI PTI ON
OF THE DRAWNGS These and ot her objects of the invention will be seen by
reference to the description, taken in connection wth the acconpanying
drawi ng, i wikliichthe geadl itgaak exyficamtdion ,vieaglnfofa tdies eluraliey wi th a
next - generation MD1L system Fig. 2 is an explanatory view of a recordable
area on thefdiisensopfupant timfidreatddn generef ippnrtVipbintsd:em Figs. 3A and
3B are explanatory views of a disc for use with a next-generation M2

'system Fi dnférimtdonepdiandey o ippiwtofofa o eagigiabl sidiear re { hn di sc for
use with the next-generation M2 system Fig. 5 1s an explanatory view of

an error léudieorfiget MRAELE SRR Ry YeRNHd ke ade agnesd i on MDL
and MD2 systens; Fig. 6 is another explanatory V|em10f the error correcting

code scheMmntat ¥38 il I RASHEifRe 2d Whd b ANGMR systers; Fig. 7 i
anot her explanatory view of the error correctlng co scheme for use with
the next-9enetatl®lon within the read part information; and a
decrypting element for decrypting the read part of the
audio file based on the decryption key and the coding
system. |
According to an even further aspect of the
invention, there is provided a reproducing appératus
including: an element for réading, from a track
information table for managing decryption information
cbrresponding to each of tradks as well as pointer
information pointing to an entry to partial data in a
single file, track information inclﬁding the decryption
information corresponding to a selected track and the
'poinﬁer information pointing to the entry; an element for
reading the partial data in the file based on the pointer
information; and an element for decrypting the read data
based on the decryption information.
According to a still further aspect of the

invention, there is provided a recording method including

the steps of: generating a pléy order table designating



MD1 and MD2 systenms; Fig. 6 is a perspective view of a disc portion show ng
how an address signal is generated using wobbles; Fig. 9 is an explanatory
view of an ADI P signal for use with the current MD system and the
next-generation MDL system Fig. 10 is another explanatory view of the APIP
signal for use with the current MD system and the next generation M1
system Fig. 11 is an explanatory view of an ADI P signal for use with the
next-generation MD2 system Fig. 12 is another explanatory view of the ADI P
signal for use with the next-generation MD2 system Fig. 13 is a schematic
vi ew showi ng rel ations between the ADIP signal and frames for the current
MD syst em &id oridemeft rgaredadtdenvidf sy stlemalbity dft isacksaichematic vi ew
indicating relations 15 between the ADI P signal and franes for the next
gener at i ongebersysngma Eirgcokl Snforamtaan ardtle whichv fclaudenta ol si gnal
for use with the next-generation M2 system Fig. 16 is a block di agram of
a disc driveding syskiegn ahd iss deddypiidli aghamdrebpgirtiingriyaammt; Fig.
18 is a flowchart of steps for initializing a next-generation M disc;

Fig. 19 isof thewpharialdiys s da@ikd Nidricddld ZiEA 8 togenasrd ion M2

disc; Fig. 20 is an explanatory view of a signal ,

' track information each of which has poipter information
pointing to one of a plurality of items of part
information within a part information table;'génerating
the part information table including the plurality of

 items of part information each of which has part pointer
information pointing to part of a single audio fiie; and
-if audio data are recorded as part of the audio aata file,
then recording to the correspondiﬁg part information iﬁem_
in the part information table the location of the audio
data as the part pointer information while recording to
the corresponding track information item in the track |
information table the coding system, the decryption key,
and the pointer information corresponding to the audio
data.

According to yet a further aspect of the invention,
there is provided a recording method including the steps
of: generating a track information table for.managing
decryption information.corresponding to each of tracks as
well as pointer information pointing to part of a single

file; and if data are recorded anew as part of the single



recording bitmap; Fig. 21 is a flowhart of steps for reading data froma
FAT sector; Fig. 22 is a flowhart of steps for witing data to a FAT
sector; Fig. 23 is a flowhart of steps in which the disc drive unit al one
reads data froma FAT sector; Fig. 24 is a flowhart of steps in which the
disc drive unit alone wites data to a FAT sector; Fig. 25 is a flowhart
of steps for generating a signal recording bitmap; Fig. 26 is another
flowchart of steps for generating the signal recording bitmap; 16 Fig. 27
is another flowchart of steps for generating the signal recording bitmap
Fig. 28 is an explanatory view of a first exanple of an audio data
managenent feyst,ermhef gre@ordimaextpd driet dryack eimHdrmat Howmli valdbéa file for
use with the first exanple of the audi o data managenent system Fig. 30 is |
an expl anatdeoryyitewrofiref damaectd o dexrfé dporidingisto Wi id thecki 68t exanpl e of
the audi o data managenent system Fig. ‘31 is an explanatory view of a play
order tabl dnfteirdite ad twelheand i gSinted Mk o ¥tha t 16n Gl Ot fiad a- semagenment

system Fig. 32 is an explanatory view of a programed play order table for
use Wi th tRethiy o @RI} Fdorkh uLtad a dBhageBht c RYSL MY le
file.

According to another aspect of the invention, there
is provided a recording apparatus including: a play oxder
table generating element for genéfating a play order
table designating an order of reproduction of a plurality
of tracks; a track information table generating element
fér generating é track informaﬁion table whidh includes a
'coding system and a decryption key corresponding to‘each
of the plurality of tracks, and a.plurélity of items of
track information each of which has pointer information
pointing to one of a plurality of items of part
information within a part information-table; a part
information table generating element for generating the
parﬁ information table including the plurality of items
of part information each of which has part pointer
information pointing to part of a single audio file; and
a recording element which, if audio data are recorded as
part of the audio data file, then records to the

corresponding part information item in the part

information table the 1ocatidn of the audio data as the
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Figs. 33A and 33B are explanatory views of a group information table for
use with the first exanple of the audi o data nmanagenent system Figs. 34A
and 34H are explanatory views of a track information table for use with the
first exanple of the audio data nmanagenent system Figs. 35A and 35B are

- explanatory views of a part information table for use with the first
exanpl e of the 17 audi o data nmanagenent system Figs. 36A and 36B are
expl anatory views of a name table for use with the first exanple of the
audi o data managenent system Fig. 37 is an explanatory view of typical
processing performed by the first exanple of the audio data managerrent
system Fi g:ar&Spc&rmexeﬁpifajmaﬁj;omlvﬁwM&\Mdlgrdw aashcip@ne slot in the
nane table is accessed froma plurality of pointers; Figs. 39A and 39B are

expl anat or yrotiresporid ihdd HAeRES IRFFJraaEGDN tdie il e ad@d@te of the audio |
data managenent systemto delete parts fro'mthe audio dat a fiIe Fig 40 is

an expl anatiifbria@WoRf tALIRC UHE SR é&f@
system Fig. 41 an explanatory view of an audlo data f or use mnth t he

second exanRplée e ?@ﬁﬁl&l q,&qﬁ:ﬁ 53_:)63“} R
expl anatory view of a track I ndex fﬁ?g for use W|t Cg t;se%o‘lﬂ?]dexarrpl e of
_the audi o data management system

According to a further aspect of the invention,
tlhere is provided a recording.apparétus including: an
elemehﬁ’fof generating a track'information.table for
managing decryption informatidn corresponding to each of
tracks as well as pointer informatién pointing to part of
a single file; and an element which, if data'afe recordéd
as part of the single file, then records to the track.
information table, decryption information corresponding
to the track 6f interest as well as pointer informétion
pointing to an entry to the recorded data as part of the
éingle file. | | |

According‘to this invention, a track information
file and an audio data file are generated on a disc
serving as the storage medium.- These are the files

| managed by the so-called FAT system.

The audio data file is a file that accommodates a
plurality of audio data items. When‘viewed from the FAT
system, the audio data file appears to be a very large

file. The composition of this file is divided into parts,

11




Fig. 43 is an explanatory view of a play order table for use with the
second exanple of the audio data 18 managenent system Fig. 44 is an
expl anatory view of a programred play order table for use with the second
exanpl e of the audi o data managenent system Figs. 45A and 45B are

expl anatory views of a group information table for use with the second
exanpl e of the audi o data nmanagenent system Figs. 46A and 46B are
explanatory views of a track information table for use with the second
exanpl e of the audio data nanagenent system Figs. 47A and 47B are

expl anatory views of a name table for use with the second exanple of the
audi o dat a stathgenentd icy staem afieg hadflllies] as expenaidrauch eyawist ypi cal
processi ng performed by the second exanple of the audi o data managenent

system Fig. 49 ivhanteapkanaforwaview ghowi ig howilke tha¢odd edmae of
t he audi o data managenent system divides one file data iteminto a

plurality efdiohexegpeaT u&ifwnﬁtﬂdiﬁ%rsﬁm{%lr@ EhShibdidnaged! anat ory
vi ew depi cting how the second exanple of the audio data nanagenent system

connect s t'b%?llﬁ%.l‘ﬂl%'dng.nt hed AR SR iRl Bhel $rABKSARIRRALGN% \ilsew

I ndi cating how the
made up of a play order table, a programmed play order

table, a group information table, a track 1nformatlon
table, a part information table, and a name table.

| The play order table indicates the order of audio
data reproduction defined by default. As such, the play
~order table contains information representing liﬁks to
track descriptors correspbnding to track numbers (i.e.,
mﬁsic title numbers) in the track information table.

The programmed piay order table contains the order
of audio data reproducﬁion defined by the individual user.
As such, the programmed play order table describes
programmed track information iepresenting links to the
‘track descriptors corresponding to the track numbers.

»The group information table describéé'information
about groups. A group is defined as a set of one or more
tracks having serial track numbérs, or a set of one or
more tracks with programmed seriai track numbers.

The track information table describes information
about tracks representing music titles. Specifidally, the

track information table is made up of track descriptors

12




second, exanpl e of the audi o data managenent system connects tracks using
anot her schene; Figs. 52A and 52B are expl anatory views sketchi ng how
managenent authority is noved between a personal conputer and a disc drive
unit connected therewi th depending on the type of data to be witten to a
disc loaded in the drive unit; Figs. 53A 53B, and 53C are explanatory
.views illustrating an audi o data check-out procedure; Fig. 54 is a :
schematic view portrayi ng conceptual ly how the next-generation MDL system
and the current MD system may coexist in the disc drive unit; Fig.. 55 is an
external view-of a porftable disc drive unit; Fig. 56 is a flowhart of

st eps carr irepregenitynchde mickes dmiusd aurtiitt lies )f.or Bathi bgaakdidescrdpted
therein; Fig. 57 is a flowhart of steps carried out by the disc drive unit
in formatt idegcaivengian adidciihg agdadnt, heropiyridhity méifhadeanentf | owchart of steps
carried out by the disc drive unit in recording audio data to a disc | oaded

therein; adefoirgati®n,s cordfdemt RIdryglt i9re ey A fovnaidl, fgomdde disc
format of the next-generation MDL systemto the 20 disc format of the

current Misyehaiae idESERiREIEAN & tHe PREERREBSVBEONMENT S gThend ol | owi ng
description is dividedinto the followng 10 sections: 1. Qutline of the
recording @¥3¥t$Mco the music title of the track in question, an

artist name, a title name, original titlé order

.information, and recording time information about the

track in.question.. )

The part informatign table describes poihters

allowing part numberg to point to actual music title

locations. Specifically, the part information table is

made ﬁp of part descriptors cérrespondingvto individual

partsf Entries of part desériptors are designated from

the track information table. Each part descriptor is

composed df a start address and an end address of the

part in question in the audio data file, and a link to

the next part. |

When audio data are desifed to be reproduced from a

particular track, information about the designated track

number is retrieved from the play order table. The Eraék

descriptor corrésponding to the tfack from which to .

reproduce the audio data is then acquired.

Key information is then obtained from the

applicabie track descriptor in the track information
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2. Di.scs 3. Signal formats 4. Structure of the recording/reproducing
apparatus 5. Initialization of next-generation MDL and MD2 discs 6. First
exanpl e of the audi o data managenent system 7. Second exanpl e of the audio
dat a managenent system 8. Operation during connection with the persona
conputer 9. Restrictions on copying of audio data fromthe disc 10.
Coexi stence of the next-generation MDL systemw th the current MD system 1.
CQutline of the recording system The recording/reproduci ng appar at us
according to the present invention uses a magneto-optical disc as its 21
storage nedium The physical attributes, such as fornfactor, of the disc
are subst atrabdlel,y anidnither paortt e atirsiptisty lHingeiddri rep-tdad |ekdvD (M ni - di-sc)
systems. However, data recorded on the disc and how the data is arranged on
the di sc dicohtnad nfibgmentegn\dita dealaddlida.e pabhi eukaphyt the inventive
apparatus enploys a FAT (File Allocation Table) systemas its file
management deysheProd, EREXFH NG Ya iR B GHY 16NN dad@ guch as audio
data, so that conpatibility with existing personal conmputers is ensured.
Once agai Naudhe WM 'tAE, OF tHAE D6 ?Q!)t_ 'c%&%%'q{?‘q{ﬂegad%é’if@d einto
nd dé to be de

descri be various PC-based file systens, It 1nten scriptive’
of the spegi,is str, u i Vit u J)_used in
W ndows QS%BE}QF%-E@ Sggjﬁa%ﬁ%om%tg%%% e{%}eme cfé:é;ésg FS (NT file
system so I Ne C FL | st.e ich is the file systemused
- by W ndows agggFatr%%gs£§§%§§¥8?d0§?§§n§Fg§ ?ﬂew£888ﬁ§°§056eoperating
system for,_storing and retrieving.fil on .a read/wite_ disks,, Conpared
with the cgﬁ\%e itgﬁalusﬁﬂgs&&eerﬂcﬁﬁgﬁdgiﬁydilﬁbgﬂré‘ﬁtdﬁbiW A%t us of the
i nvention ag an i %pvgd erroi cg%rection Sésten1and an adyanced
modul at i on PEBhAFRGEHEE GRed L5 EBSsPatkt e8F5EREQ T RASC A ¢ 18Kd to
i ncrease data,security. Furthernore, the ,inventive apparatus encrypts
cont ent 22an°5§1e§ B t'algg? H’é&é@%?aﬁ? AreP&es99% d ddter aRR%E ng and
ensure copyright protection for the content data. Cenerally, there are two
ki nds of s E@gﬁié§ﬁi6ﬁgﬁaﬁﬁﬁ-and MD2, devel oped by the present inventors
for the next-generation MD system The MDL specifications involve the use
of the same disc (i.e., physical mediun) as that which is currently used by
the existing MD system The MD2 specifications adopt a disc which has a -
same fornf BBIBF RESCRAGTION @&nMHEaDRAMIAIGSal |y to the disc of the current
MD system but which utilizes a magnetic superresolution (MSR) technique to.
enhance recordi ngThikessi apdi athée dbneatsdofetheonnvehedehy wifldr dge capacity
is boosted. The current MD systemutilizes as its storage nediuma 64
mm acr oss #agneby- vpfereahcei o ¢hel deadriptd cegr ttakdge . infTherieadtian 1. 2 mm
thick and has a center hole 11 mmin dianeter. The cartridge neasures 68 nmm
by 72 nmm bwiBhntheThecdmpanyings dratiskgpds ehitdke di scs and cartridges are
the sane as the next-generation MDL and MD2 systenms. On both the MDL and

MD2 discs, the stRig.ppsi&ian ekplagateng-viedr 68 hSdibe g$aweuas Wi th the
current MD system i.e., starting at 29 mm

with a next-generation MD1 system;

Fig. 2 is an explaﬁatory view of a recofdable area
on the disc for use with the next-generation MD1 system;

Figs. 3A and 3B are explanatory views of a disc for
use with a next—genefation MD2 system;

Fig. 4 is an explanatory view of a recordable area
on the disc for use with the next-generation MD2 system;

Fig. 5 is an explanatory view of an error-
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It is proposed for the. next-generation MD2 system 23 that the track
pitch be in an inclusive range of 1.2 umthrough 1.3 um(e. g., 1.25 a m.
For the next-generation MDL systemwi th its disc structurally identical to
that of the current MD system the track pitch is set to 1.6 a m The bit
|l ength is set to 0.44 a mbit for the nextgeneration MD1 disc and proposed
at 0.16 u nmbit for the MD2 disc. Redundancy is set to 20.50 for both.the
next generati on MD1L and t he next-generation MD2 discs. The next-generation
MD2 disc is arranged to increase its storage capacity in linear direction
by resorting to the nagnetic _super-resolution technique. The MSR techni que
i nvol ves t RFE§CRAVAncege &chemepdert ueep riididrdtn naxttgenkmatiomat a
cut-through | ayer beconmes magnetically neutral when a particul ar '

t enper at ur ¥Dils andaMh@d gysitleowi;ng magnetic walls that were transferred to a
regenerative layer to nove in such a manner that infinitesimal markings are-
vi ewed appar ent | yFiar gérisnderothebearpipnttotpaview, ofheheexirrganer ati on
MD2 disc is constituted by a magnetic |layer acting as a recording |ayer for
recordi ng abrlreastindatadebychemidl fidir aisgh Wwitdetheantby-ger@egneide | ayer

for data regeneration, all deposited on a transparent substrate. The

cut -t hroughphayad sepveyséema;l ayer that regul ates switched 24 connecti ve
force. Wien a specific tenperature is reached, the cut-through | ayer

becones magneti cakiy, npuigabnbenket ekPeafiBeBell ¢i0Rl b thangheied in the -
recording |layer be shifted into the regenerative nmagnetic |ayer. This :

—all ows i nf LR i i Vi, Si 1 t. For
tBirt-estTRL EBUK RYRehi BRGOMR. wsi(}tﬂ | & Gl fqeeexg{g]%%g?i .

data recording, a laser pulse magnetic fiel ul ation ,
adopted to n t i .mar ki ngs on the disc. On the next-generation.
MD2 di sc, 5?%05%? gpg]%g%g%hgﬁper than with a conventional M disc and

reduce | and | nduchil tr Bee? ok CHERRLERPRAFVC PR SLEC BRFtRotls | oaks.

reduce | and-i nduced”crossta €-srgna
IIIustrativgg . thgO rogve %re; n.an ..ncl usi ve range of, 160 hrough 180
nm deep, tR é}Bgv r 8t 8FEEES |ﬁ%%?%%ﬂﬁ%ﬂ§%ﬂ§ WD ¥ i 70

degrees, and the groove width is in ap inclusive _range_of 600 nq?through
700 nmon the nexii@endriti o RABIERSEOTRS VREH: O6f APt AR Fdgnal for

specifications,,tﬁe ngt eneration MDL disc has its |aser wavel ength ~ set
to 780 nm 4A8 P&k rFBgFegﬁePFhﬁgﬁﬁﬁmx9qﬁzﬂ?ﬁ(ﬂeﬁﬂfﬁﬁﬂ%ﬁﬁq%%nlens in an

~optical head. Likew se, the next-generation
MD1 system;

Fig. iO is anqther explanatory view of the ADIP
signal for use with the current MD system and the'neXt-'
generation MD1 system;

Fig. 11 is an explanatory view of an ADIP signal
for use with the next-generation MD2 system}

Fig. 12 is another explanatory view of the ADIP

'signal for use with the next-generation MD2 system;

Fig. 13 is a schematic view showing relations
‘between the ADIP éignal and ffames for the current MD
system and the néxt-generation MD1 system;

Fig. 14 is a schematic view indicating relations
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MD2 disc has its |aser wavel ength ~ also set to 780 nmand its nuneri cal
~aperture NA to 0.45 for the objective 25 |l ens in the optical head. The
next - generation MD1 and MD2 systens both adopt the so-called groove
recording systemas their recording schene. That is, grooves are forned
over the disc surface as tracks for recording and reproduction purposes. As
its error-correcting code system the existing MD systemutilizes a -

- convol utional code based on ACI RC (Advanced Cross Interl eave Reed- Sol onon

- Code). By contract, the next-generation MDL and MD2 systens enploy a bl ock
~conpl ete code that conbines RS-LDC (Reed Sol onbnLong Di stance Code) with
Bl S ( Bur st betidieeait wheSMRIR]e)igradi road Heranlec K oxomgieetreexar+ or - correcti ng
~code elimnates the need for linking sectors. Under the error correction
schene conbjemiergtlibf WMDih sfisSent;he | ocation of a burst error that nay occur
is detected by BIS. The error location is utilized in getting the LDC code
to effect erasurerggrrest Eﬁnan%ﬁﬁléﬁaaér&heiéddbgsﬁi eontySlieMighalihe
so-cal | ed wobbl ed groove system whereby a single spiral groove i's forned,

~and both sifdes ugk WIRHIRPRY Qdxt detialtad ivn WRIDI K ddiini shed as address
information. This type of addressing systemis called ADIP (Address in

Pregroove). The cisgeni gMDs sysheBLRN; Aok ICREER! Loa NDhRd WD2

systems differ in near density. ere he “cur rent Syst em adopt s

i : i Lyt ional ,Led ACLRC, .th
ext - gener ati on NDICansveB & RLant ArebeaR pf HonSRia"Brave Eirete code
" conbini ng LDC and_BLS. , As, It th t tem.and th

next- generat fon NBESankeNEs &y Evekenarf: 6 PRSbeuaRRIAy AR MRAE & f fer ent

rel ative pasitions between ADI P.and data. For these reasons, the
next-gener§%¥%ﬁgﬁﬁfr?§§f¥ﬁﬁ%§z:ﬁﬁ%ﬁé physical disc structurally identical to
that of .the curreR%END-§ysten1£fndlgs the _ADIP signal ;in a manner different
fromthe current sylfenf FhElAURPEThePht PERPRDECLY iPdilpd 184S & nodify
its AD P signal speci fications for better conpliance with the

next gener alF&h-FBReIpE PN ¥R 64$CiThe current MD system adopts EFM (8 to
14 nodul ation) as_its nodul ati on system whereas the nextgeneration MD1 and
MD2 systens utiliBEIRLEQ11s7apPerRLanaRony L ¥hgwWhoPapi igradser ve/ Prohi bit
romtr (repeated mininumtransition Limted; PP, runlength]), called the 1-7
pp nodul at FeACEPdngPREM@Priaf t er. The next-generation MD1 and MD2 systens
use a Viterbi decoding nethod as their data detection nethod, based on
partial response PRg1,22 ig)alfiovchact MBf syepentamdreandpagt daltar esponse
PR(1, -1)M. for the MD2 system The disc driving system adopts either CLV
(Const ant £¥om gi AAJr s¥eltori;ty) or ZCAV (Zone Constant Angul ar Vel ocity).
Standard linear velocity is set to 2.4 misec for the next-generation M1
system and 1. 98 nfsgc 2drishe HbawghaetabfontdpP2 Spst emitWhphdata ¢ar rent
MD system standard |inear velocity is set to 1.2 misec for 60-mn discs
and 1.4 m seEAfToseédomi;n di scs. For the next generation MD1 systemwth its-
disc structurally identical to that of the current MD system total data
storage capacity pig. d23$CikSaabDeicBAPL "BHARYERS (ANWhARhE@hE B&idicsC) -
Because the 1-7 pp nodul ation systemis adopted instead of EFM as the

modul ati ondsy¢eethiw RIBWeTREAWRS datd FreR0ed FaORdlend 0 0. 666, whereby
recording density is increased by a factor of 1.33. Since the ACIRC system

is replaced by the;&ompingli 9ne ob,8h W&Eylsre gféthrthh%h%o.rdﬁ% ion

system data efficiency is boosted, ere Ing density is further
i ncreased ca8af agt or . 48. erall, .w th %n§ isc in use, data
st or age ca%g%??yaﬁgen%gén%pgr%%?%a?%%y §§L%I£&?ﬁ§%50 1Etj’he current MD

system The next-geperation disc utillzi t he magnetic, .
super - resol uti on hﬂﬁéuﬁsi%E?h?vﬁé?r%o8gt§ggpﬁ %850%8Pﬁ§a&éﬁgiﬁy in the
linear directio .0t al ta storage capacity anounts to about one

g; the>d d%
gi gabyt es. SAEN3L 2RASPHPHeRIEPEPGcity, the data rate is set 28

Fig. 26 is another flowchart of steps for

generating the signal recordihg bitmap;
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to 4.4 nmegabits/sec for the next-generation MDL system and 9.8 negabits/sec
for the next-generation MD2 system 2. Discs Fig. 1 shows a typical
structure of the next generation MDL disc. This disc is structurally
identical to that of the current MD system That is, the disc is nade up of
a dielectric film a magnetic film another dielectric film and a
reflective film deposited on a transparent polycarbonate substrate. The
disc surface is covered with a protective film On the next-generation M1
disc, as shown in Fig. 1, a lead-in area on the innernost side (of the
recordabl e area, where "innernost"” refers to a radial direction relative to
a center of the dFéf) Rdsis pnybhetpfdowsbaste@fToCepralfior Of Contents])
area. As a physical structure, this area constitutes a pre-nastered area.
That is, edsoessdigia <her e ifgnateddrameling kddorap control i nformation and
other related information such as P-TOC information. On the outer side, in
the radi al directFdg,. @B tibeaheaspilanatezy wikeuwdiofgal fd itT@kaada i S a
recordabl e area (where magneto-optical recording is possible). This is a
recor dabl e ofs areldudds =0 dutidgemearteasyigtdmidi Nng 29 recordi ng tracks
furni shed with grooves as their guides. On the inner side of the recordable

area is a U-TOC (sgr, 20ChnaesplahBeoYyTOled! 86F bh LRRIISAMRAHA fStydict ure as
that of the current MD systemin which disc managenent information is

recorded. Weal dge haltth ithd 8 AdeT QxR ISk iife UPio Watd ack (audio

track/data track) titles and managenent information witten over as needed

to keep up pinl éﬁg%tr%ﬁgﬁgj g or erasure of such tracks. Mre specifically,
thevnanagenentg-nforna ionnpncludes start and end positions of tracks

Fur i shed on the Safer 8 g SR ERE1ERTERRST pIEWTREY% ek Tradd 0 &l ert
sound recorgqd ter L rv}:’l."?:th it%.e"i(iftiir\/szizt eeqca(rr%i i Q:'f itzr?éj‘)a&giot hSata
management system;
Fig. 31 is an explanatory view.of a play order -
table for use with the first example of the audio data
- management system; |
Fig. 32 is an explanatory view of a programmed play
order table for use with the first example of the audio-
data managemént system;v
Figs. 33A and 33B are explanatory &iews’of a group
information table for usé with the first example of the
audio data management system;
Figs. 34A and»34B are explanatory views of a track
‘information table for use with the first example of the
audio data management system;
Figs. 35A and 35B are explanatory views qf a part

information table for use with the first example of the
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MD player if the disc is |oaded into the current MD system The sound
indicates a warning that the disc is for use with the next-generation ML
system and cannot be used for reproduction with the current system The
"remai ning portion of the recordable area (shown in nore detail in Figure 2)
is followed in the radial direction by a lead-out area.  Fig. 2 shows a
typical structure of the recordable area on the next-generation MD1 di sc
indicated in Fig. 1. 30 ' As illustrated in Fig. 2, the beginning of the
recordable area (inner side) has the U-TOC area and the alert track. A
‘region containing the U-TOC area and alert track has its data recorded in
EFM f or mat ayndichgiatehaag@gement mystem;oduced by current MD system pl ayers..
On the outer side of the area of data stored in EFMformat is an area where
data are recordedFigsl- 36ppanddBERt are Eaplahatoiyt e emexbfgangagi on MD1
system There is a clearance of a predeterm ned distance called a "guard
band" bet weableh&odr @@eOfwiddi aHee EUNMEH GSkdnip 1M aHBta i d mtape hand,
and the area of data storage in 1-7 pp podulation format on the ot her hand.
The guard handgemenit @&nf;0 prevent mal function of the current MD player
when the latter is |oaded with a next-generation MDL systemdisc. At the
begi nning of the a tanr i LNode l.aki on format (i.e.,
i nner side), thergigregg %%Wa?tﬁggiggggéfgtF%S%ngle EF%% and a reserve

track. The bBEeaksad %f%w%]ﬁg HyP SR AG P WA d Yo ARy 4 eat ons and

~includes a“uni que I's uni que ach 'storage nedi um

typically gg§gdmgﬁ%§@mgﬁy gg&Q%Lated nunbers. The reserve track is
a rma

. provided to acconmmodate i n I‘on for content protection. Furthernore,
the area of data storage in 1-7 modul ation format .includes a. FAT (File
Al l ocati on Table)§53’ ggréﬁ.a?hsggﬁfnﬁggﬁyi¥15W &ggglpﬁabom PR the FAT
systemto nanage.data _pursuant to EAT systemcriterja used b )
gener al - puPfBSe 548 &Pe% € e g:ﬁ@clief i’@alaﬁﬁesﬂ‘?’éie P‘%fst@#@i’r’rt}%s out
file nanagegent,based on' FAT chains involving both a directory indicating
the entry P&i-RPIP5LYFdot files and directories, and a FAT table describing
FAT cluster link information. Once again, the termFAT is used in a general
sense to refer tofdd¥arPePyanfl aPBf arenexpilpeakandguies shénes enpl oyed
by PC operating systens. The U-TOC area on the next-generation MD1 disc

records twBYRFRES PErifersedadiyorkhenfinsdr example stfarthepeuidiomatmd the

" start position of the area for data : .
management system to delete parts from the audio data

f?le;

Fig. 40 is an explanatory view of a second example
of the audio data management systém;

Fig.‘41 an explanatory view of an audio data file
for use with the second exémple of the audio data
management system;

Fig. 42 is an explanatory Qiew of a track index
file fdf use with the second example of the audio data
management system; |

Fig. 43 is an explanatory view of a play order

. table for use with the second example of the audio data
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storage in 1-7 pp nodul ation format. When a next-generation MDL disc is.

| oaded into a current MD system player, information is read fromthe U TOC
area of the |oaded disc. The retrieved U- TOC i nformation reveals the alert
track position, allowing the alert track to be accessed so that its data

w |l .start being reproduced. The alert track contains data constituting the
alert sound warning that the disc-is for the next-generation MD1 system and
cannot be used for reproduction with the current system The alert sound
may ‘illustratively articulate a 32 nessage |i ke "This disc cannot be used
on this player.” Alternatively, the alert sound may al so be a sinple beep,

t one or ot menagementg syisgeal;. \Wien a next-generation MD1 disc is | oaded
into a next-generation MDL system player, information is read fromthe

U- TOC area of theFigaded dissan ékplanttbeyedibwTOE anbeobmmtmmed elesgl s t he
start position of the area where data are stored in 1-7 pp nodul ation -

format and caldeaws athdiea flor e eddH o tderdildl exglie/ & ff raeK, awdib FAT
area. Over the area of data storage in 1-7 pp nodul ation format, data

- managenent dataetrboeiehen®! giiddent;ne U-TOC but with the FAT system Figs. 3A
and 3B show a typical structure of the next-generation MD2 disc. This disc

Fi1m and a refl ccriee Trlm Goaon Fhg STy Y O ook o |
substrate. ;1Be Hatdcilthdie LAY SA Y idhe? JURLREIdUflId Bf the
| audio data ﬁanagement system;

Figs. 46A and 46B are explanatory views of a track

information table for use with the second ekample‘of the
‘ éudio data management systém;

Figs. 47A and 47B ére explanatory vieWs of a name
table for use with the second example of the audio data
management syétem; |

Fig. 48 is an explanatory.view of typical
processing performed by the second example.of the audio
data management system;

| Fig. 49 is an explanatory view showing how the
second example of the audio data managemént»system
divides one file data item into a plurality of indexed
areas using an index scheme; |

Fig. 50 is an explanatory view depicting how the
second example of the audio data management system

- connects tracks using the index scheme;

Fig. 51 is an explanatbry view indicating how the
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On the next-generation MD2 disc, as depicted in Fig. 3A the lead-in area
on the inner side (in a radial direction) has control information recorded
using an ADIP signal. On the MD2 disc, the currently-used P-TOC area of
enbossed pits is replaced by the |l ead-in area having control information
based on the ADI P signal. The 33 recordabl e area starting from outside
the lead-in area is a recordable as well as reproducible area that has:
grooves fornmed therein as guides for recording tracks. The recordabl e area
has data recorded in 1-7 pp nodul ation format. On the next-generation M2
disc, as indicated in Fig. 3B, the magnetic filmis constituted by a
magnet i ¢ | apeontl) exactpileg ofs ther andidi kg tlaayemagemarsc gyitgn dat a, by a
cut-through layer 102, and by a magnetic |ayer 103 for data regeneration, -
all deposi tefinedtishe radhst Latieg Hhothelr idahew@) | ayer 102 serves as a | ayer
that regul ates switched connective force. Wen a specific tenperature is
reached, the cut-fpgaugbohaysy 498 KLE08RS1HRARBLLCHikWsnaidhiley | et the
magnetic walls transferred in the recording |ayer 101 to be shifted into
the regenepald ¥& i-C i 1gl I Iy 1 nidesd mar ki ngs in
.the recording Iai}grgggg%tt Sh%?%:ﬁlé&gésa?ﬁ’ﬁga@rﬁéﬁn f?egéé unjbler t he beam
spot on th e I ayer .1 t her, disc is a
next -’.generg:tolfng)%%g 1%tt :ds% (@Q?Eggﬁegéﬁéfaﬁ%gﬁ%zé%i%}ge%ﬁﬂﬁg det erm ned
based on t [ Lon.retrieved fr el ead-. Specjfically, if
P-TOC i nf o?% Fggghgﬁ%én%ggs%ﬁ%i ?g idg%?ett%ctbeed r%:%%q'%gtac? eaaacfll‘éné area, it

neans t he aded disc.34 . .is a current MD systemdisc or a next-generation
MDL di sc. hgaggﬁtﬁ81%PﬁfgfﬁaFigﬁl%ased on the ADIP signal is detected from

the lead-in area,_wth P- infqQroation in epbossed pits detected, it
means the disc ith%%stggﬁ'iégéin§§84ggﬁe?5FiSﬁp alPLy. ViGMSver, this
manner of i tin%yishing the WD1 disc fromthe MD2 disc is not limtative
of the invéhi?&ﬁ.aEFPQrﬁét?VQPﬁ,dﬁﬁés@hﬁQﬁ19“§uE§QQQ¢QFQkacking error
signal between on-track and off-track nodes may be utilized in determning
the disc type. AsFidotherifl 2efpiemabict Héeyi PerRapYBaEIgcPRTeRtaldM i on
hol e for disc identification purposes. Fig. 4 shows a typical structure of
‘the recor dBBietheeaest -ghaexatioge N lamyst evDaNg ddie Auynenist¥ated in Fig.
4, the recordable area has all its data recorded in 1-7 pp nodul ation
format. A BPFtememayngdogxieterive theadd sgr eiviomateditat t he begi nni ng of
(i.e., on the inner side of) the area where data are recorded in 1-7 pp
modul ati on f or matFigheS®Dis aaraekbepnali dédwt ofr ec podtaliler Whise ar ea
managenent data for managing alternate areas intended to replace physically
defective dréms. uktbiteover, the DDT area includes a nmanagenent table that
manages a replacenment area, which includes a recordable area that '
substitutes for thegphysital hyflleneharveodr eaepsTharirdedgenintbyt alllee keeps
track of the logical clusters) 35 determ ned to be defective and al so
keeps tractssef dirieel ogii¢alinClfest@rd)ing d 8 genlReREEhet&an ASsi gned to
replace the defective logical clusters. The DDT area al so contains the U D
mentioned above. Flg.reseiyeat FskchhPECSEl BEapERLLF ik RRNIR Ithe
protection purposes. A FAT area is also included in the area with its data
recorded i gida7, 2t i;en Lot K I i 5o USRSl t he FAT
system forajﬁ%ﬁag?gggggtﬂ;% ,l%hgfoFAT té:ylélty;% Viqr%gﬁfghe%cbodl rreérﬁ,, effects data
managenent ¢ QUE-gyant to the FAT systemcriteria applicable to
general - purpose personal conputers. No U-TOC area is provided on the
next-generation MR digsg. . n -gener ati [ s | dinto a
next - generati on wgégbl%§e%¥m§afg°§§§gFga§%fg%ﬁﬁ?hggéﬁ$e§fé§&:Fggg: e track,
and FAT | ogated .as_descr.i bed above qn the disc, The retrieved data. are used
for data naREGeRERY L) e LBAFSEFEEINE AU IR5R A fy TS 1 L0795 on
process i s, pot needed on next-generation MD1 and MD2 discs. Mire
specificaIFg?rFﬁPfiéppzation is not required on these discs except for
advance preparation of a DDT area, a reserve track, and a m ni numset of
tabl es includi ng B2FATS P abfed DheuchaytbefdpEepsl Four ismidehing Haom

recordable area of an unused disc and then read therefrom w thout 36
the disc format of the next-generation MD1l system to the
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recourse to an initialization process. 3. Signal formats Wiat follows is a
description of signal formats for the next-generation MD1L and MD2 systens.
The current MD systemutilizes the convolutional code called ACCRC as its
error correction systemin which a 2,352-byte sector corresponding.to the
~data size of a sub-code block is regarded as an increnent of access for
~read-and wite operations. Because the convolutional code schene invol ves
an error-correcting code sequence spanning a plurality of sectors, it is
necessary to provide a |linking sector between adjacent sectors when data
are to be updated. As its addressing system the current MD system adopts
t he wobbl edigrofvematherfe thal lcadtrADBt:PMDN swiitem.a singl e spiral groove is
fornmed, and both sides of the groove are flanked by wobbl es furnished as
address information. The current MD systemoptinmally arranges the AD P
signal for gaining access to the 2,352-byte sector. The next-generation M1

and MD2 systens, bypegoRrastonete! euEa PREPERREPEMEOD IMESEsSChene t hat

" conmbines LDC with BT'S, and regards a b64-Kilobyte brock as an increnent of

access forwhea@oﬁmgw%i;t BeBReH B8RS 1 oL gkt S ATk S HY FJ1Alwigkfed by the
bl ock conplete code. 3 Thi s, however, requires that the next-generation

MD1 systemyt LLLziiRggthe disc of the current MD systemrearrange the AD P
siignal in a manner conplying with a new recordi ng nethod. The

next - gener ati on, MDZ, j r t DI P signal specifications
to conply with %he S%%%%??L%fi%ﬁé %€c$%%fﬁ x??ﬁéﬁération MD2 system Fig.
5 6, and 7-are2exp$aggéory views of the error correction systemfor use
with the next-geherafl h MD1L and MD2 systenms. This error correction system
conmbi nes an LDC basgd error-correcting code schene illustrated in Fig. 5,
with the H'S sche kﬂ%ﬁ% fﬂrﬁ?ﬁ§. 6 and 7. Fig. 5 depicts a typica

. structure of a code_block in the LDC-based, error-correcting code schene. As
shown in Fig. 5% eadthrerridFecod r%%?iﬁﬁceﬁﬁéngéE?BFoﬂgcbPGvPBEGrﬂFPﬁ a
four-byte error _detection code EDC, and data are |aid out two-dinmensionally
in the error-cofrectihtabhzabior kot maextsggnarayies MBhganer MPantal |y and
216 bytes long vertically. Each error-correcting code sector is made up of
two- ki | obyte daBaSchs illustrated in Fig. 5, the 304-byte-by-216-byte
error-correcting code block includes 32 error-correcting code sectors of

t wo- ki | obyt e dafa dabbst ewamplerebrtierawdiondatadwanagenest| avdtent
“two-dinensionally in the 304-byte-by-216-byte errorcorrecting code bl ock
are furnished vértiRetdryd wexdmpl820B8the baudior datsomaragemgnReed- Sol onon
parity code) Figs. 6 and 7 depict a typical BIS structure. As shown in Fig.
6, a one-bgyeteiS is inserted at intervals of 38 bytes of data. One frane
is constituted by 152 bytes (38 X 4) of data, three-byte BIS data, and
2.5-byte frame 8yncpkatat bomudhi gyt codndcbibyt esthf tHat perdsnalown in Fig.
7, a BIS block is formed by 496 frames each structured as descri bed above.
A BI S dat acomgatés X 496 = 1,488 bytes) includes 576-byte user control
data, a 144-byte address unit nunber, and a 768 byte error-correcting code.
As described, the Bidsteereriasstde dOSybuGeorr 1OA1608LEE ERgmCOHR attached
to the 1,488-byte data. This code structure provides a reinforced error
‘correctiongige : '

10. Coexistence of the next-generation MD1 system

with the current MD system

1. Outline of the recording system
The recording/reproducing apparatus according to

the present invention uses a magneto-optical disc as its
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feature. Wth this BIS code enbedded at intervals of 38 bytes of data, the
| ocation of any error that nmay occur is readily detected. The error

| ocation is then used as the basis for erasure correction using the LDC
code. The ADIP signal is recorded as wobbles fornmed on both sides of a
single spiral groove, as shown in Fig. 8 That is, the ADI P signal is
recorded by having address data frequency-nodul ated and forned into groove
wobbles in disc material. Fig. 9 depicts a typical sector format of the '
ADI P 39 signal for the next-generation MDL system As shown in Fig. 9,
each sector of the ADIP signal (ADI P sector) is nmade up of four-bit sync
dat a, ei ghtetivirgigeomeetium.t sSThe phyAbDb®lchtustrébubashesuchi ght foaw-or der bits
of the ADIP cluster nunber, an eight-bit ADI P sector number, and a 14-bit
error detedhictorcods ERE dike suRc sAdisa ae@isililuied rd 130 tHe @isc
predeterm ned pattern used to detect the beginning of an ADIP sector.

Li nki ng- seitdns zice byeededa darerc uMient- dYa Y $yaBeRECausqelas system
utilizes convol utional coding. The sector nunbers for |inking use are

negative néEREr $ecfrdllicdl $HeOmi feDnd Haw b it s hexadeeidral,) . The

ADI P sector format is the sane as that of the current MD system because

the next - gengr abisen JVpk s tegigniity I1d i's ed by the current
.MD system The ﬁéxt-generation ND1C§§§?g%¥Eg§agﬁ%&n.ﬁﬁgéig. 10, has its ADP

R A S L e LR
Ot 2 CoREHERD, bIRLACU A oSKE YR aSY SAlaf B 1
sy;tenl Th%%rsg%%%% E%g or reproducing content data such aé‘audio

data, so that combatibility with existing personal

computers is enéured. Once again, the term “FAT” (or “FAT

'SYStém")'is used generically herein to describe various

PC-based fiie systems, and it intended to be descriptive

Sf the specific FAT structure used in DOS, VFAT (virtual

FAT) used in Windows 95/98, FAT 32 uéed in Windows

98/ME/2000, as well as NTFS (NT file system; sometimes

New Technology File System) whidh.is the file system used

by Windows NT operating system, or optionally in Windows

2060 operating system, for storing and retrieving files
on a tead/write disks. ‘Compared with the conventional MD
system, the recording/reproducing apparatus of the
invention has an improved error correction system and an
‘advanced modulation technique designed to boost data
storage capacity and to increase data security.

Furthermore, the inventive apbaratus encrypts content
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Plster NetexgeBehRiatl MM et 4 lhe Dt nANRCLR stk i ohl iaRR10R P

-and write oper

Each ADI P N Lyl ' 1.8 fi -hal f 18
“and the selbtatndrr obstelfty) dsdd M AR Bntarine My dtie e o

contains 16 ~ADI P sectors, so that each ADI P sector nunber 40 can be
expressed in four bits. Linking sectors are not needed by the

next - generation MD2 system because the systemuses the bl ock conplete
error-correcting code. As shown in Fig. il, the ADIP sector structure for

t he next-generation MD2 systemincludes four-bit sync data, four high-order
bits of an ADI P cluster nunber, eight md-order bits of the ADI P cluster
nunber, four |ow order bits of the ADIP cluster nunber, a four-bit AD P
sector nunber, and an 18-bit error-correcting parity code. The sync data
constitute a signal of a predeterm ned pattern used to detect the beginning
of ~an ADI Pds¢et end ThieADineagurstse tonpresrerdonsitlidasle dalita hid@sing . €.,

hi gh-order four bits, md-order eight bits, and | oworder four bits. Since
16 ADI P seandr engake dopdtiABP pHotsictiioreddtr AL sardit muder 1S given
in four bits. Wereas the current MD systemutilizes the 14-bit
error-detecting cedgerhheynexhegengiat t@b WPAAGsYoireBpRMIras thilkagl8- bi t
error-carrecting parity code. For the next-generation MD2 system as show

in Fig. 12ympeaghdAMD,Clidstedloged wyO\Hrféeq)f@éefhtO%x;&&f&% NEobl ek [of 64

kil obytes. Fig. 13 depicts relations. between an ADIP cluster and BI'S franes
cluster is consfituted by 36 | P sectors rangi rom from 00
to 1F. Ar r di.ng - f..64 kil obytes, i i {nerenent for read
£he g‘% igorcl’? : Q‘?llé I%S‘lm% cc)lJ&tslcl ?it'\%d 'pwg}ndsﬁl zrjl}rpee lc‘hm)ALﬁD %l'l‘ag%t er.
recordi ng ck form.,ng.an_increnent far read andq wite operations are

pl aced in g[blg-ll §p8F6?I%C%§&§m§f R P B EG éf’%b‘icﬁ'bqfar%rﬁ f%ad'gfe %o frane
505. The 4%6-&%ane data cqnstituting_the BI S hlock are prefixed with a
10-frame pr85HBFePfandify fr &ﬂqﬁﬁg%@@%b.tqrﬁlﬁﬂﬁqr%&h%re

further suffixed with a six-frame postanble ranging fromframe 506 to frane
511. A tot SPrEeEn5) ¥ pYRESTof Dkt ¥ Wrdd ines & magnafce cJurele first and
the second half of the ADIP cluster, the first half ranging fromAD P
sect or FChT¥egoABEPoRe dMSR) Oblechitiguse ton@¢rihdrice gapordinomemiitsect or OEh
to ADI P sector | Fh. The preanble and postanble are provided to protect the
dat a upon ERnkbgelinenradizestionscohdinedybledckageTuagaaktthlis franes are
al so used for data PLL settlenent, signal anplitude control, and signal
of f set conbeokted? _ :

The current MD system utilizes as its storage
medium a 64 mm-across ﬁagneto—optical disc encldsed in a
cartridge.-.The disc is 1.2 mm thick and has a center hole
11 mm in diameter. The cartridge measures 68 mm by 72 mm
by 5 mm.

The dimensions and shapes of the discs and
cartridges are the same as the next-geheration MD1 and
MD2 systems. On both the MD1 and MD2 discs, the start
position of the lead-in area is the same as with the
current MD gystem, i.e., startihg at 29 mm.

It is proposed for the next-generation MD2 system
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A physical address used to record or reproduce data to or froma given
recording block is designated in tw portions: an ADI P cluster, and

di stinction of either the first half or the second half of the cluster.
When a physical address is designated for a wite or a read operation,; the
ADI P-sector is first read fromthe ADI P signal in question. Froma

repr oduced signal of the ADIP sector, the ADI P cluster nunber and ADI P
sector nunber are retrieved so as to determ ne whether the first half or
the second half of the ADIP cluster is in effect. Fig. 14 illustrates

rel ati ons between an ADIP cluster and BIS franes for the next-generation

MD2 systenthBer thie thaxk garehabeoinVad IYeemiws iy dm fi.g. 4R, 16
ADI P sectors constitute one ADIP cluster. Each ADIP-cluster is furnished

W th one reaebdhhd1hB0Gkn 0fe 64, ki 0yt gen)of Hatarh&SneheWgenRrEitdonl4, the
data in one recording block (64 kilobytes) constituting an increnment for

read and wvbheg@peedt wath ate Blidcedtirictudal 1y ddedBida ROt HRS franes
.ranging fromfrane 10 to frame 505. The 496 frane data constituting the BI S

bl ock are etixe i a P I I i far > o, frame
9. The dat guff %géegu\gdfteagftuyt%ﬁg&rsg%ﬁ’!ot%%nt\j\nrt%hcrkg%% rlasorrgg%{os a 1ée ’fangi ng

)
i1 the DI B ol TRP L Eatendin, P Shf 1L aets, slithiy e e cleBen the -
Prea <. CORE LR, B AR SRR B 0B gt TR, i v oo
preanbl e TERATRS;8ES %3Quiasclls98t8 E5L25%Eb4° TR nothIBe next-
generation MD1l and thevnext-generation MD2 discs.
The next-generation MDé disc is arranged to
increase its storage capacity in linear direction by.
resorting té the magnetic super-resolution technique.‘ The
MSR technique involves taking advantage'éf a specific
phenomenon on the disc: that a cut-through layer becomes
‘magnetically neutfal when a particular tempefature is
reached, allowing magnetic walls that were transferred to
a regenefative layer to move ‘in such a manner that
infinitesimal markings are viewed apparently larger under
a beam spot. |
That is, the next-generation MD2 disc is
constituted by a magnetic layer acting as a recording
layer for recording at least data, by aICut-through layerf
and by a magnetic layer for data regeneration, all

deposited on a trahsparent substrate. The cut-through

layer serves as a layer that regulates switched
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anplitude control, and signal offset control. A physical address used to
record or reproduce data to or froma given recording block is designated
in the formof an ADI P cluster. Wien a physical address is designated for a
wite or a read operation, the ADIP sector is first read fromthe ADI P
si-gnal in question. Froma reproduced signal of the ADI P sector, the AD P
cluster nunber is then retrieved. To start witing or reading data to or
fromthe disc of the above structure requires using various kinds of

control information for |aser power calibration and other purposes. As .
shown in Fig. 1, the next-generation MDL di sc has the P-TOC area i ncl uded
in the | cagonnegtdye Horeese Whensaoﬂpegnflgltemperﬁaurenlareeac@&dMed from
the P-TOC area. A P-TOC area in enbossed pits is not provided on the

next - gener &hieoulB2 hoiosigh  d.anyterro beicoinesmatione tiisalist emditredorgedLatsi ng t he
ADI P signal in the lead-in 44 area. Because the next-generation MD2 disc
utilizes tlhemaggakitd cswadlar exangfiettrede dnittise rdoraetimpiriyomgol is an
i nportant factor. For that reason, calibration areas for use in power

contr ol arehﬁf@%ﬁd&@tbﬂthheﬂdgyidﬁ&taﬂ@ heahetulc ArBas .0f ThAR allows
next - generation MD2 disc. Fig. 15 shows a | ead-in/lead-out area structure

on the nextingengtakimR MR riisgs A belddtle dtiad H1r Rifflerd Thd Nedgad-in and

| ead- out areas of the disc have each a power calibration area for |aser

beam power g g@@trobopuageéen?ec&slh_srad 'maééfa hngUFAsgnat&%mf& qrea that
records ADIP control information he ADI P troI ormati on escrlbes

di sc cpnt rﬁlbdqﬁtailkﬁ' R hAE W1 dQbpiiel %E)e%e%ertah:ee ’%erﬁ_ls%&? er nunber.

markings on the disc.

On the next-generation'MDz disc, grooves are made
deéper than with a conventional MD disc and their
gfadient is steeﬁer as well so as to improve de-track
margiﬁs andjto reduce land-induced crosstalk, wobble
signal crosstalk, and focus leaks. Illustratively, the .
grooves are in an inclusive range of 160 nm through 180
nm deep, the groove gradient is in an inclusive range of
60 through 70 degrees, and the groove width is in an
inclusive range ;f 600 nm through 700 nm on the next-
generation MD2 disc.

As part of its optical specifications, the next-
_generation MD1 disc has its laser wavelength A set to 580
nm and its numerical aperture NA to 0;45 for an objective
lens in an optical head. Likewise, the next-generation
MD2 disc has its laser wavelength A also set to 780 nm

and its numerical aperture NA to 0.45 for the objective
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More specifically., the ADI P cluster nunber starts at the beginning of the
recordabl e area and constitutes a negative value ~,n the lead-in area. As
shown in Fig. 15, the AD P sector on the next-generation MD2 disc is nade
up of four-bit sync data, eight high-order bits of the ADI P cluster numnber,
eight-bit control data (i.e., lowrder bits of the AD P cluster nunber), a
four-bit ADI P sector nunber, and an 18-bit error-correcting parity code. As
depicted in Fig. 15, the eight |oworder bits of the AD.P cluster nunber
descri be control data such as a disc 45 type, magnetic phase, intensity,
and read power. The high-order bits . of the ADIP cluster nunber are left
intact, whilemspdmitie deiteictdlorhesfd.t he current cluster position with a
fairly high degree of accuracy. ADI P sector "0" and ADI P sector "8" allow

the locations of #BePnektusgenserteiba MDOWAnEr SIDRS @lystcils HRIERIOPNed
intervals, because the eight |oworder bits of the AD P cluster nunber are

left intactthedHey-contied dicvertedeineGutidi ddecill P stahadihs

described in detail in Applicants' Japanese Patent publication No.

P2002- 31924&heieh! | shge 9B, 34rObtebehre088rmkhe oall rt%ecﬁ}tg?:ms%r‘ffac‘gm ch

bei ng incorporated herein by reference. 4. Structure of

1o I 10/ APROURINT AP RPSEL RS TpLelstence Lo Flos, 16
noxt generation WOL 46 RLbel;SpargctEhy BoReCRNE R B BE 1 thae
i €1 et basysreE AR LB R SR FHE fted AR 3, a
cluster bgna%%a%%g%r%f%sé4§nterleave’Reed—Solomon-Code). By
contfact, the ﬁext-generatibn MD1 and MD2 systems employ
a block complgte code that combinés RS-LDC (Reed Solomon-
‘Léng Distance Code) with BIS (Burst Indicator Subcode).
Using the biock compléte exrqr-correcting éode eliminates
the need for linking sectors. Under the error correction
_scheme combining LDC with BiS, the location of a burst
- error that may occur is detected by BIS. The error
location is utilized in getting the LDC code to effect
erasure correction.
Adopted as the addressing system is the so-called
wobbled groove system whereby a single spiral Qroove is
formed, and both sides of_the groove is flanked by
wobbles furnished as address information. This type of
addfessing system is'called ADIP (Address in Pregroove) .

The current MD system and the next-generation MD1 and MD2

gystems differ in linear density. Whereas the current MD
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an auxiliary nmenory 5, USB (Universal Serial Bus) interfaces 6 and 8, a USB
hub 7, a systemcontroller 9, and an audio processing unit 10. The nedia
drive unit 2 permts recording and reproduction of data to and froma

| oaded disc 90. The disc 90 is a next-generation MD1 disc, a

next - generation MD2 disc, or a current MD systemdisc. An internal
structure of the nedia drive unit 2 will be discussed later with reference
to Fig. 17. The nmenory transfer controller 3 controls transfers of wite
and read data to and fromthe nedia drive unit 2.. Under control of the
menory transfer controller 3, the cluster buffer nenory 4 buffers data that
are read i RYStememsiorssofas dder dinnpihicsekedtding dmide ta acks. of the disc 90
by the nedia drive unit 2. The auxiliary nenory -5, under control of the
menory tragshyolodritomnall]l erody cstldress ACIRQuUsHed erextoigermnageimantMD1
irnformation and special information retrieved fromthe disc 90 by the nedia

drive unit add WD systens eitlg ddtertd yyeowhte b1k adnglatd doddisi de t he
“disc drive unit 1. Furthernore, the systemcontroller 9 controls

conmmuni cat com®iwiny DT peIS®YE. cARPH! eesh08, cenaechiedehe Me sdistendri ve
unit 1. More specifically, the systemcontroller 9 is 47 conmmuni cati vel y

connect ed gadt RBeDYeS@NYerfer Ul MHI0 A MO 43R dnflf &4 s 8ignd USB hub
7. In this setup, the systemcontroller 9 receives conmands such - as a wite

[ equest andeAuh @R HIRE el M MR et WRAla U WA i AL dyanem S
status information and other necessary information to the PC 100.
‘ ADIP and data. For these reasons, Ehe next-generation MD1
- system ‘with its physical disc structurally identical td
that of the current MD system handles the ADIP signal iﬁ
a-manner differgnﬁ from the current MD systém. The next-
generation'MDZ system is set to modify its ADIP signal
specifications for better compliance with the next-
generation MD2 specifications. |
The current MD system adopts EFM (8 to 14
modulation) as its modulation system, whereas the next-
generation MD1 and MD2 systems‘utilize RLL(l,.7)PP (RLL,
 Run Length Parity Preserve/Prohibit rmtr [repeated
minimum transition Limited; PP, runiength]), called the
1-7 pp modulation.system hereinafter. The next-generation
MD1 and MD2 systems use a Viterbi decoding method as
their data detection method, based on partial response
PR(1, 2, 1)ML for the MD1l system and on partial response

PR(1, -1)ML for the MD2 system.

The disc driving system adopts either CLV (Constant
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Illustratively, when the disc 90 is |oaded into the nedia drive unit 2, the
systemcontroller 9 instructs the nedia drive unit 2 to retrieve managenent
information and others fromthe disc 90, and causes the nenory transfer
controller 3 to place the retrieved nmanagenent information, .etc., into the
“auxiliary menory 5. Gven a request fromthe personal ~conputer 100 for
reading a certain FAT sector, the systemcontroller 9 causes the nedia-
drive unit 2 to read a recording bl ock contai ni ng~the FAT sector in

- question. The retrieved recording block data are witten to the cluster
buffer menory 4 under control of the nenory transfer controller 3. Fromthe
recordi ng Blinelerdaled oariitiyt)eror nZCARe ¢LoséeCohuthar mRiRILArS, VéTwo Byl em
controller 9 retrieves the data constituting the requested FAT sector. The

retrieved dabadard LiaRs Medddityt ie pRS Al compEes 400 theough the USB
interface 6 and USB hub -7 48 under control of the syatemcontroller 9.

G ven a regeast-gbhRPatiSdn MDA s teRIHER W f HedW#di Nh@ &kt ai n FAT

sector, the systemcontroller 9 causes the nedia drive unit 2 to read the

recording gleackaeaakAMbNGyldtend ATuseh! Bhe! Buouesl! fb AR el N eved

recording block is witten'to the cluster bt menory “4 under control of
Lranst or CORTTOTTer AT RO TAY SR N G A o s EhTub o ng
buf fer menag R e odr FUSEendoRy AT SoaiS tat a ar e updat od under
The memory transtBPEcbEr BPREr S3nEEaE FARODL FYBREM I ERudte BT or 1 n
horer e | BEEERER IR Rat i s U BT S Sl

total data storage capacity per disc is about 300
megabytes (on the 80-min disc). Because the 1-7 PP
modulation systém is adopted instead of EFM as the
modulation system, window margins‘are changed from 0.5 to
6.666, whereby recording density is increaséd.by a factor
of 1.33. Since the ACIRC system is replaced by the
combination of BIS with LDC as the error correction
éystem, data efficiency ié boosted, whereby recording
‘density is ftrﬁher increased by a factor of 1.48. Overall,
with‘the same disc in use, data storage capacity is made -
approximately double that of the current MD system.

| The next-geﬁeration MD2 disc utilizing the magnetic
super-resolution technique is further boosted in
recording density in the linear direction; the total data
storage capacity amounts to about one gigabytes.

At standard linear velocity, the data rate is set
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wite data. The media drive unit 2 wites the received recording bl ock data
to the disc 90 follow ng a data nodul ati on process. A switch 50 is
connected to the systemcontroller 9. This ' switch 50 is used to set the
operation node of the disc drive unit 1 to. either the next-generation MI1
"systemor the current MD system In other words, the disc 49 drive unit 1
is capable of witing audio data to the current MD systemdisc 90 in one of
two formats: in the format of the current MD system or in the format of

t he next-generation MDL system The switch 50 serves to show the user
explicitly what operation node is set on the disc drive unit 1. Wile a
mechani cal tawit ehmegabi®wy sean folrethiel gt -dRgiReliatd o Mpibrdyktssth t ch may be
used as well. The disc drive unit 1 is furnished with a display unit 51
such as anah@Do( ki fgAbILET Rl BoxPhdw) neter e -aMildh Mo SB}dergont r ol
signal fromthe systemcontroller 9, the display unit 51 may "display text
data and sinplified icons constituting status information on the disc drive"
unit 1 as well as user-oriented nmessages. In its input section, the audio
processi ngyunig; 10 i ncludes illustratively an anal og audio S|gnal i nput
part made of a Tlne |nput circuit and a m crophone input circuit, an AAD

converter, and a o.d u h gaydio pr cessing unit
g%& HQE égﬁlbgf gt }8r£ er%g n% %

10 al so i ncl udes conpre on enco €co and a conpressed dat a

buffer nmenpr rthe r t he dio roceSS| uni t s inits
out put sec %ﬁrﬁ &P&l ?ﬁ o dggésoﬂ?ﬁﬁtlﬁa? VGtHFR 33h&§@?&9 calhd an
anal og audi naI put part e of a I|ne output cirecuj,t and a
headphone %Btg CPFC %F CHF* Yent M " system. 'That is, the”dis

‘made up of a dielectric f£ilm, a magnetic f£ilm, another
~dielectric film, and a reflective film, depbsited on a
transparent polycérbonate substrate. The disc surface is
‘covered with a protective film.
On the‘néxt-generation MD1 diéc, aé shown in Fig. 1,
a lead-in area on the innermost side (of the recordable
area, where “innérmost" refers to a radial direction
relative to a center of the disc) has.a P-TOC (Pre-
mastered TOC [Table Of Contenﬁs]) area. As a physiéal
structure, this area constitutes a pre-mastered area.
That is, embossed pits are formed here to record control
information and other related information such as P-TOC
ihformation.
On the outer side, in the radial direction, of the
lead-in area including the P-TOC area is a recordable
area (whefe magneto-optical recording is possiblé)._ This

is a recordable as well as reproducible area including
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If the disc 90 is a current MD systemdisc and if audio tracks are to be
recorded to the disc 90, digital audio data (or anal og audio signals) are
input to the audio processing unit 10. The input data are |inear PCM
digital audio data or anal og audio signals, which are converted to |inear
PCM audi o data through the A/D converter. The |inear PCM audi o data are
then subjected to ATR AC conpression encodi ng before being placed into-the
buffer nmenory. The buffered data are then read fromthe nenory-in a
suitably timed manner (i.e., in data increnments equivalent to AD P
clusters) and transferred to'the nedia drive unit 2. The nedia drive unit 2
subj ect s thecopdpngssraclat furhiishedavwithr gedovesansEENeproguddeBef or e
witing the nodul ated data to the disc 90 as audio tracks. If the disc 90
is a curredh thesyshem dide afidthé medovdaébieksremeitoab¥-Iopr dsesd from
the disc 90, the nedia drive unit 2 denodul ates the reproduced data back to
ATRAC- conpTessedrdat a and transfers the denodul ated data to the audio
processing unit 10 through the nenory transfer controller 3. The audio
processing unit Ifhesubiwot Satde 1€ cehe ashifiat in t O ATERAGE € 08P €55t 08f decodi ng
‘to acquire linear PCM audi o data which are output through the digital audio

data out putphRaghrr&htembaki¥eb¥, 1hNghddn aigeehipdgdakatare converted by
the D/ A converter to anal og audi o signals, which are output through the

l'ine out puaneaﬁﬂsegeﬁoeel PULBYERAr tyndie; dig&1 driNecHEl r-tobBYrbE

connected to the personal conputer 100 1n a nmanner other than through the

JSB arranoglephe LLLUS!LR!kYELK: (A0qeX! egggigc/'aa&sr ;&%&U%ﬁ%s‘ and .

(I'nstitute of rical an ctronics neers be uti

for th sction. ' ' -
R = TS R S R

with the recording or erasure of such tracks. More
épecifically, the ménagement information includes.start
and end positions of tracks (i.e., parts making up the
tracks) and mode settings. |

An alert track is furnished on the outer side of
the U-TOC area. This track contains an alert sound
recorded thereon that is activated (audibilized) by the
MD player if ﬁhe‘disc is loadéd into the current MD
system. The sound indicates a warning that the disc is
for use with the next-generation MD1l system and cannot be
used for reproduction with the current system. The
remaining portion of the recordable area (shown in more
detail in Figure 2) is folléwed in the radial direction
by a lead-out area.

Fig. 2 shows a typical structﬁre of the recordable

area on the next-generation MD1 disc indicated in Fig. 1.

30



bl ocks and FAT sectors is discussed in detail in Applicants' Japanese

- Patent Application No. 2001-289380, filed in the Japanese Patent O fice in
2001, the entire contents of which being incorporated herein by reference.
Updating a FAT sector, as described above, involves first accessing
recording bl ock (RB) containing the FAT sector in question and then reading
the recording block data fromthe.disc. The retrieved data are witten:to
the cluster buffer nmenory 4 and the FAT sector of that recording block is
updated therein. Wth its FAT sector updated, the recording block is
witten back to the disc fromthe cluster buffer nmenmory 4. The recordable
area i s notAs millivdtiag®drin Rigwe), ddreetegiomiviy aff R tkcorddlils neans
that if a given 52 recordi ng bl ock has yet to be used upon FAT sector
updat e, an axtelsen(inrten redatk )t hes ader di+Tpdlacda daic the laXestiltradka data
reproduction error because no RF signal is obtained. Wth no data retrieved

fromthe dissaedion odhtsdeiiolg carnal-Tor ueal ethd Roaskt k. vadidhesct or al so
i nvolves first accessing the recording block containing the FAT sector in

. question andd et erdicr@ddied erM ddtendd MK i dHOMLNE iy Qe The
retrieved data are witten to the cluster buffer nenory 4 so as to extract

t'he target I%‘{.o@ﬁ{geq éﬂﬁt&leﬂé}{ﬁ Ve Sryesctcgngiﬁl%};gfg:‘k. on e g decordable

area is not initializ if the recording block 1n question has yet to be

e e A St e il sl 3t i

erroneous data repro ure
di sc ggisgg TR 18l LMMRUGY 90T Y R n | RS REC RS2
' the next-generation MD1 system. There is a clearance of a
predetermined distance called a “guard band” between the
erea ef'data_recofdings in EFM format on the one hand,

' end the area of data storege in 1-7 pp modulation forﬁat
on the other hand. The guard band is intended to prevent
malfunction of the current MD player when the latter is
loaded with a next-generation MDl_sysﬁem disc.

At the beginning of the area of data recordinge in
1-7 pp modulation,format (i.e., inner side), there are a
DDT (Disc Description Table) area and a reserve track.v

-The DDT area is designed to replace physically defective
regions and includes a unique ID (UID). The UID is unique
to each storage medium, typically based on randomly -
generated numbers. The reserve track is provided to
accommodate information for content protection.

Furthermore, the area of data storage in 1-7 pp

modulation format includes a fAT (File Allocation Table)
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been used in the past. If the recording block is judged unused, the
recordi ng bl ock data are not read. More specifically, a signal recording
bitmap (SRB) is created to indicate whether each of the recordi ng bl ocks
represented by a recording bl ock nunber have ever been used, as shown in
“Fig. 20. In the signal recording bitmap, a bit "0" is set for each
recordi ng block that 53 has never had data witten thereto; and a bit
~~1~~ is set for the recording block that has data witten thereto at |east
once. Fig. 21 is a flowhart of steps performed when a personal conputer
connected to a disc drive unit conpatible with the next-generation MDL and
MD2 di scs egsds dihe FATi areangst anohrEATthett ald owmsomhieh&Adl sy dteaded i n
the disc drive unit. In step S1 of Fig. 21, the conputer issues a command
to read data fmammge EATasgutravarandtd IRAThwihatenofotitee fic aigkddoPpl ock
contai ning the FAT sector in question is obtained. The sector nunber in

this case iggnafradbpiirpiosses BnPutaser Movet BpeeilFead 1P @R HATg t he
. begi nning of the user area on the disc. In step S2, a check is nmade to see

whet her t hgybAErs @@t 2SR G 11 AR A b d BT AR B e Qing | T 1N step
S2 the FAT sector is not judged to have been replaced by an alternate ‘

sector, t Nig@1aanl BE chakOel FALSRP Glalad i RS Ik PS8 0L dhpg bl ock

whose nunber was obtained in step I'n that case, step I's reached in

whi ch t he %bt(%ﬁre_sl)ar@ou-%%m@,t Ardd'% P oSk [WIeT 1S
acquired fromthe signa
~ FAT cluster link information; Once again, the term FAT is
used in a general sense to refer to a variety of
different file management schemes employed by PC
operating systems.

The U-TOC area on the next-generation MD1 disc
fecords-tWo kinds of inf;¥mation:'an alert track start
position, and the start position of the area for data
storage in 1—7'pp modulation forﬁat.

When a next-generation MD1l disc' is loaded into a
.currént MD system player, information is read from the U-
TOC area of the loaded disc. The retrieved U-TéC
information reveals the alert track position, allowing
the alert track to be accessed so that its data will
start being reproduced. The alert track contains data
-constituting the alert souﬁd warning that the disc is'for
the next—generafion MD1 system and cannot be used for

reproduction with the current system.

The alert sound may illustratively articulate a
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recording bitmap. If in step S2 the FAT sector in question is judged 54

to have been replaced by an alternate sector, an actual read/wite
operation is to be carried out on the alternate sector. In that. case, step
-S4 is reached in which the recording block nunber representing the actual
alternate sector is obtained froma DDT alternate table. Step $4 is
followed by step S3 in which the bit (0 or 1) corresponding to the nunber
of the recording block containing the alternate sector is acquired fromthe
signal recording bitmap. The signal recording map is structured as shown in
Fig. 20. If no data have yet to be witten to a given recording block, the
bit correspesdayg 0dkehatTHilsoeld gcs dannett ot erldy SrD"thid pladyvedhave been
witten to a recording block at | east once, the corresponding bit:for that

bl ock is i Nlgshattiivelly," the JepFtSIound adyowaddbestLBiNpld Neesh the
signal recording bitmap is referenced to see whether the recording block in

questi on hagpneadrddthed eyl rid &y 1.0 the past. If in step S5 the bit is
judged to be "1" corresponding to the recording block nunmber in question in

the 'signal recor diynDh! HBR:( befierat BBn! ABOr i BLOTINan haglafa wri tten

thereto in the past), then step S6 is reac _ I'n step | e recording
Slogk o 2 CRBLAN Nt AP D (kAT LEE Bulder Ty
3720 T 1 08 L S g SR B B Ot
TOC information reveals the start poSitiqn of the area
where data.are stored in 1-7 pp modulation format andl
allows data to be fead from the DDT, reservé track, and
FAT area. Over the area of data stdrage in 1-7 pp |
}modulation format? data management is effected not with
the U-TOC:but with the FAT system.
Figs. 3A and 3B show a typical structure of the
' next-generation MD2 disc. This disc is also made up of a
dielectrié film, a magnetic film, another dielectric film,
and a reflective film, déposited on a tfansparent
polycarbonate substrate. The disc surface is covered with
a protective film.
On the next-generation MD2 disc, AS depicted in Fig.
3A, the lead-in area on the inner side (in a radial
direction) has control information recorded using an ADIP
signal. On»the MD2 disc, the currenﬁly-used P-TOC area of

embossed pits is replaced by the lead-in area having

control information based on the ADIP signal. The
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corresponding to the recording block nunber in question in the signal
recording bitmap (i.e., the recording block has had no data witten thereto
so-far), then step S8 is reached. In step S8, the entire cluster buffer
menory 4 is filled with zeros. Step Se is followed by step S7 in which the
‘data corresponding to the target FAT sector are extracted frominside the
cluster buffer nenmory 4 and output as read data. Fig. 22 is a flowhart of
steps carried out when the personal conputer connected to the disc drive
unit conpatible with the next-generation MD1 and MD2 discs wites data in
increments of FAT sectors to the disc |loaded in the disc drive unit. In
step S11 offerpgdaple preacEwpItdng Froms cutsddentdne dead-tim daten tiss a FAT
sector, and the nunber of the recording block containing the FAT sector in
guestion i & gecerdadleThe sediloasnumepeodueibiies axese tilmtallss an absol ute
sector nunber, with nunber O representing the beginning of the user area on
the disc. bwostvep Sbzmed thecleins asadeidesaderwheidrardire drkkeect or has
- been 56 repl aced by an alternate sector. If in step S12 the FAT sector in
questi on i Theotrecuadeaileo atawe hagedatephacedded am altepmte sector, that
means the target FAT sector is included in the recordi ng bl ock whose nunber
was obt ai negddunagtiep Bbkmakn this case, step S13 is reached in which the
bit (O or 1) corresponding to the recording bl ock nunber:is acquired from
the signal recordbR0ket ABRE -4EnkPaBlSR BH2 abscFAIssgﬁhg;a'tédJ ydged to
have been replaced by an altefnate sector, -an-acfual read/ wite operation
is to be cakil edrou n liten Sectar.. s t S 14 is
~ reached in@& fchfhgh%eg% F%éEngg %%n%%%sfégﬁéggﬁfPﬁg‘?ﬁ%ﬁ%%§6§|

alternate g i.ned fro lter table. ..Step,;.S14 is

fol | owed b§g§%gplg}38gqﬁ§\%\% gﬁ tahg]e%??d?ggorala%)%rggoﬁref%céﬁ%dnlgq odat%ae" nunber

ol gnal 1 ecBvaPnguB BRSSO 20R0 400 BRHERRS ap Rt DBFRAEE Chown 1
b1 corr esBSRRES GoORAEFErALE | 6111 FEBErAERIE HBe ‘TR hrave been
uritien topher el g Bhosk 2 Laskones, Lie Sorrespanding bit for hal
. regulates switched connective force. When é specific |

temperature is}reached, the cut-through layer 102 becomes

magnétically neutral to let the magnetic walls

transferred in the reéording layer 101 to be shifted inﬁo

the regenerative magnetic.layer 103. Thig allows

infinitesimal markings in the recording layer 101 to be

viewed as apparently‘enlarged under the beam spot on the

regenerative magnetic layer 103.

' Whether a loaded disc is a next-generation MD1 disc
or a next-generatidn‘MDz disc can be determined based on
the information retrieved from the lead-in area.

Specifically, if P-TOC information in embossed pits is

detected from the lead-in aréa, it means the loaded disc
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step S15 in which the signal recording bitmap is referenced to see whet her

.the recording block in question ha's had data witten thereto in the past.

If in step S15 the bit is judged to be "1" corresponding to the recording
bl ock nunber in question in the signal recording bitmap (i.e., the

- recording bl ock has had data witten thereto in the past), then step S16 is

reached. In step S16, the recording block data are read fromthe di sc and

witten to the cluster buffer menory 4. In step S17, the data correspondi ng

to the target FAT sector in the recording block are replaced with wite
data inside the cluster buffer menory 4. If in step S15 the bit is judged
to be "0" der respormnig ND sywtemcdisic ngrbbhovkxbugbeeriat igunedDlodiiar.t he
signal recording bitmap (i.e., the recording block has had no data witten
t her et 0 so Iffarcpontidedn isifepnatd ors beemcheth the HNDAP SiPndlheisentire cl uster
buffer menory 4 is filled with zeros. Step S18 is followed by step S17 in
whi ch the dirtacted exAndHY tead-Ha taafegst WwiAh SRCIBITOM idforetoish ng

bl ock are replaced" with.the wite data inside the cluster buffer nenory 4.

CAfter the daf anfRideRePYIHNBtR At ! Artgete FIAT IRCIPIsd Nid é@&ﬁr@i ng

bl ock of |nterest are replaced with the wite data in step step S19 is
reached. 1Q458 5 e ttl*lﬁu MO bhagkdat agﬁ]ﬁ% Wa'ntn "i"“otf0 the
di sc. As descrlbe ata are witten to or réa roma FAT sector,

check is made &tl?ﬂg?ﬁ.%l’flngt & d 85 Ui A%k GRMAIDING hal fT sector nas

ever been use

limitative of the invention. Alternatively, phase
differences in a tracking error signal betw¢en on-track
and off-track modes may be utilized inAdetermining the
disc type. As another alternative, the disc may be given
a detection héle'for disc identification purposes. |

Fig. 4 shows a typical structure of the recordable
area on the next-generation MD2 disc. BAs illustrated in
Fig. 4, the recordable area has a11 its data recorded in
1-7 pp modulation format. A DDT area and a reserve track
are located at the beginning of (i;e., on the inner side
of) the area where data are recorded in.1-7 pp modulation
format. The DDT area is provided to record alternate area
managehent data for managing alternate areas intended to_
replace physically defective areas. Moreover, the DDT
érea includes a management table that manages a
replacement area, which includes a recordable area that
substitutes for the physicaily defective areas. The

management table keeps track'df the logical cluster(s)
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the recording block is judged unused, data are not read fromthe recording
bl ock, and the entire cluster buffer menory 4 is filled with zeros. This
al l ows the unused recording block to be handl ed as having an initial val ue
of 0. As a result, no error occurs when data are witten or read in
inerements of FAT sectors even if the recording block containing the target
FAT sector has never been used and an RF signal is not acquired. In the
‘precedi ng exanples, data are witten to or read fromthe target FAT sector
in a setup where the personal conputer is connected to the disc drive unit
conpatible with the next-generation MDL and MD2 discs. In such cases, the
FAT sect or detedesirgrhtted Hey ddfeqrivonald cippiticepsi tithEits abS ot e sect or
nunber, wi'th number O representing the beginning of the user area. By
contrast, ilffodikaldicitigdws)unid tHonepladitcht ved tasHighieadcgdata to or
fromthe target FAT sector on the disc, the FAT sector is i1dentified using

a file direefilaceeMie R¥bd FAT Xdidhl asL el | N THODDT 23N h1db 59

Fig. 23 is a flowhart of steps inwhich the disc drive unit alone reads

data from &drAkisRCitHe VI it SRS Al AR MOIHR! M S Grddk Step S21 of
Fig. 23, the relative cluster nunber of the FAT cluster contalning the

target FAT i i . : I ter nunber of
the first I—s}?zﬁﬁ%{)sﬁn;fr%ﬁé%i%%% ﬁxﬁ%rﬁﬁﬁpgc}i{%c |?thc¢{(s)€§/gée% fy. In step
S23, a FAT table ¢hain is _follo fr,om t.arting absol ute cluster
nunber thus acqui%egk&uﬁ P ﬁﬁeggggbﬁﬁféhgﬁﬁgﬁ r,&ﬁﬂ&ﬁﬁ%ﬁwﬁéheﬁ%ﬁget FAT
cluster is tained. I n ste 4 the so) ute_sect.or nber. .of the target
FAT sect or 4)akséaac':r(ﬁﬁ9ré4(fq‘r IOJt'he ER JB19H tc*%t%?r%be%%r et FAT
cluster. W,th the, absol ute sector nunber of the target FAT sector thus
acquired, dfepsssk by the SYPREN AP ianagEng 3r o thd EAT sector.
The sector data reading process_is the sape as that shown in Fig. 21. Fig.
24~is a fl WG I SUPARIRING hee il STERrdaeR IRRRAGEBRRE Wi t es dat a

- to a FAT sector of a nextgeneration MDL or MD2 disc, In step S31 of Fig.
24, the relP3EsPRRY f diha Fifversyitemeriteriayarplieale ntdg the tar get
FAT sector is obtained. In step S32, the absolute cluster nunber of the n
first FAT cdensital-phrpafig merdonsd t¢amputerslirectory 60 entry. In step

S33, the FAT table chain is followed from
No U-TOC area is provided on the next-generation

' MD2 disc. When a next-generation MD2 disc is loaded into
a next-generation MD2 player, data are read from the DDT
area, reserve track, and FAT located as described above
onAthe disc. The retfieved déta are used for data
management by the FAT systém.

A time-consuming initialization process is not
needed on next-generation MD1 and MD2 discs. lMore
specifically, initialization‘is not requifed on these
discs except for advance prepafation bf a DDT area, a
reserve track, and a minimum seﬁ of tables including a
FAT table. Data'may be directl? written to the recordable

area of an unused disc and then read therefrom without
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‘the starting absolute cluster nunber thus acquired, until the absolute
cluster nunber of the target FAT cluster is obtained. In step S34, the
absol ute sector nunber of the target FAT sector is obtained fromthe

absol ute cluster nunber of the target FAT cluster. Wth the absolute sector
nunber of the target FAT sector thus acquired, step S35 is reached in which
data are witten to the FAT sector. The sector data witing process is the
- sanme as that shown in Fig. 22. In the preceding exanples, the signal
~recording bitmap shown in Fig. 20 is used to determ ne whether the
recordi ng bl ock containing the target FAT sector has ever been used before.
The FAQ i sretbusseatovehyimihdgddzanibncpenerss.of 32- kil obyte FAT
clusters. Using the FAT information nakes it possible to check whether any
given FAT sector has been used in the past. Based on the FAT infornmation,
it is possible to create a signal recording bitmap show ng illustratively
whet her eagh ofidi) bfokhadyte recording bl ocks has already been used at

| eapt once. Fig. 25 is a flowhart of steps for generating a signal

recording bitmap wsd N9 S o1 08 r@taé’é‘criﬂt§$ﬁpo§4§igﬁafi Gormatsebl the
di sc | oaded, the values 61 representative of the récording blocks in the

si gnal recerl AGxPLEERE-ALECALIDCARl P27 BYArAkR St SR SRr ke BAT

information I's read n-ste I'rs entry I's accesse

first FAT S%FXm‘t BEEQ‘EZEQSEMCQS&’&%lﬁE?‘toE%‘iec%%es%%l‘ﬁ‘%%t ARIrRAYE of the FAT

clusters in ved

its error correction system in which a 2,352-byte sector
corresponding to the data éize of a sub-code block is
regardéd as an increment of access for read and writé
‘operations. Because the convolutional code scheme
involves an error-correcting code sequence gpanning a
plurality of sectors, it is necessary to;prOVide a
linking sector between adjacent sectors when data are to
be updated. As its addressing system, the current MD
system adopts the'wobﬁled_groove scheme called ADIP in
wﬁich a single spiral groove is formed, and both sides of
the groove are flanked by wobbles furnished as address
information. The current MD‘system optimally arranges the
ADIP gignal for gaining access to the 2,352-byte sector.

The next-generation MDl and MD2 systems, by
contrast, employ“a block complete code scheme that
ébmbines LDC with BIS, and regards a 64-kilobyte block as
an increment of access for read and write operations.

Linking sectors are not needed by the block complete code.
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ever been used so far. That bit in the signal recording bitmap, which
corresponds to any unused FAT cluster, is left intact at "0"; those bits in
the signal recording bitmp, which correspond to used FAT clusters, axe
each set to "1." That is, with the first FAT entry accessed in step $43,
step S44 is reached in which a check is nmade to see if the currently
checked entry i's the last FAT entry. If in step S44 the currently checked.
entry is not judged to be the last FAT entry, step S45 is reached. In step
S45, a check is nade to see whether the currently checked FAT entry is a
used FAT cluster. If in step S45 the currently checked FAT entry is judged

to be an uThied BAWeveust efequitres $Hat Thecarbed gohathitalod Mpmnext FAT
entry is - reached. Fromstep S46, control is returned to step S44. If in

step S45 t kgstet iy zdhecked BABCRIE EHeS durdaed Md ks gtdised FAT
cluster, step S47 is reached in 62  which the nunber of the recording

bl ock cont geBiRanbRe theT AWIEs te@ignal A¥es! ey Ud@iiRAtg Witd &P S48, the
bi t correspondinggao t he record?%g block is set ‘to '1Bﬁiﬁ;€ﬁé s?gnal. ‘

recordi ng bi : th e A ' ] C Er step
S49,.contrthrggfgkgﬁﬁg§9$§§§f%p gﬂ%;ﬁ%%ggé?§§%§¥éééf§§%i§§g§F5p§g§44

through S43cgener ahes. A pk0Ad s SAadhng LR Al Gh, (NG il S

corresponding to unused clusters are unchange ?t ’ XMﬂ | e the
the curr enti e Fig b LR TS TEdE e heoener rLeenFiP2eAYaF e
step S50 is'reachﬁgginsyh%?hagge7sg gaéxé gggggg ‘gkgggpo%st 2eg%%or '
conpl et e. v _

correction system for use with the néxtfgeneration MD1

and MD2 sgystems. This error correction éystem combines an

LDC—based error-correcting code scheme illustrated in Fig.

5, with the BIS écheme shown in Figs. 6 and 7.

Fig. 5 depicts a typical structure of a code block

in the LDC-based error-correéting code scheme. As shown

in Fig; 5, each error-correcting code sector is providéd

with a four-byte error detection code EDC, and data are

1éid out two-dimensionally in the-error-corrécting code

block that is 304 bytes long hbrizontally and 216 bytes

long vertically. Eéch error-correcting codé gector is

made up of tﬁo—kilobyte data. As illustrated in Fig. S,

the 304—byte;by-216-byte error-correcting code block

includes 32 error-correcting code séctors of two-kilobyte

data each. The 32 error-correcting code sectors laid out

two-dimensionally in the 304-byte-by-216-byte error;

correcting code block are furnished vertically with a 32-
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As described, using the FAT information nakes it possible to create the
signal recording bitmp. Depending on the operating system however, the
FAT clusters judged used based on the FAT information may not signify those
with data actually witten thereto in the past. Under such an operating
system sonme FAT clusters nmay be judged al ready used but in fact they are .
unused. The above conflict is avoided by witing the signal recording .
bitmap to the disc. As illustrated in Figs. 2 and 4, the next-generation
MD1 and MD2 di scs have a 63 reserve track each between the DDT track and
the FAT track. The reserve track may be used to retain a signal recording

- bitmap thabiaceermRdaiotTeitdnd ReRE0EHLBthoR pARA thn i@t i on shown in Fig.

20. If the location of the track to which to record the signal recording

bitmep is deterni pegdgingagduangeqbyithea syshesy1t Besbit 2@ beyaccessed
directly based on its predeterni%%ﬁ Io%at?%n. The DDT ??ggé gnd AT track

“may al so b%h%%eﬁie%igi.r gct Ly o?qfe-tb I BII%cqtsi 991%&%%&1 e[i%%%&aﬁ%“ ehand

by the system Obviously, ‘the Tocations of théSe speci a ,

alternar veley JBe R dod da o heofBnR0gHEN] o ALeR IR B8

next generati o T control "area contarn

_informatio n the next-generation 2 disc). The data fromthe DDT track
g’é’Ee:?r 23I86§§ %é?ft

and FAT tr &i dhree 1R PIAMPER e AR P THYESa
buffer menmpry. The data thus retrieved are used as the basis for generating
al t er nat engg%’f“&r SYRFoPRES GTONRE 1BAT ten Lo mat P¥ eSTIvds &atens of
information in the buffer nmenory are updated _whjle the disc i's being used.
Wien the disc is @Fethetl tReFiBdal ed® aBI8r Rhpekséet EPrMEHoPHatPEn and FAT
information are witten back to the DDT track and FAT track. Witing or
readi ng t héT8M§Rarachc tassBednay deseribesmaboyer-ecdr BEfgdetack i s done
basi cally the sane 64 way as witing or reading the data to or fromthe
DDT track andeFAR ™ 296 IWentdthdywdies) iindloatkssl, 5ST1éebpignaserecor di ng
bitmap information is read fromits recording track and placed into the
menory. Eveepptriodedd&ba ar é4vr-bytenaddeesso vaitecomdieny kimotle 16t

- correspondi ng signal recording bitmap entry is updated in the nenory. Wen

t he di sc i byteeperbedcotirectijdgt eddei.gnal recording bitmap is read fromthe
menory and witten to the signal recording bitmap track on the disc. Fig.
26 is a flowhartAsfdssepsbéd; tkhadBhy coderhasi thef rasr-bieeseqiatr-
recording bitmap track. In step S61 of Fig. 26, wi.th the disc |oaded,

i nf or mat i ogoirgeteadgl codet be tached toeebedinna shi-lye d=aek ofrhtle disc. In
step S62, the information read fromthe signal recording bitmap track is

witten tocble Bemaeyuaedpreiiadsi Bt @ednFogeeld egdndidilidimn Fig. 27 is
a flowhart of steps for witing the
- feature. With this BIS code embedded at intervals of 38
bytes of data, the.lqcatidn of any error that may occur
is readily detected. The error location is Ehen ﬁéed és
the basis for erasure correction using the.LDC code.
The ADIP signal is recorded as wobbles formed on
both sidésaof a single spiral groove, és shéwn in Fig. 8.
That is, the ADIP signal is recorded by having address
data frequency-modulated and formed into groove wobbles

in disc material.

Fig. 9 depicts a typical sector format of the ADIP
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signal recording bitmap back to the signal recording bitmap track on the
disc. In the nenory, the signal recording bitmap is updated every tine data
are witten anew to any recording block. In step S71 of Fig. 27, when the
disc is ejected, the updated signal recording bitmap is read fromthe 65
menory. In step S72, the updated signal recording bitmap thus retrieved is
witten to the signal recording bitmap track on the disc. Inits initial
state, the information held in the signal recording bitmap track is all
zeros. Upon each use of the disc, those bits in the signal recording
bi t map, which correspond to the recording bl ocks subjected to data wite -
oper.at i ons gigf@1eF: Wtr@cﬂ-@i(é'rgefét-&mxﬁ MDY QfyBiden 1 n the signal
recording bitmap is witten back to the signal “recording bitmap track on
the disc. Next tifgg LhswH $h Fsql 08ded far sUS@ot NG EQEOQBTH QJ3qread
gfgéordlng

fromthe signal recording bitna trac “and turned int'oa signal _

DL e 10 BIEURLe19P (BLaPLE AL bOY bl d ougenensl g fe sl anal
Capabl o of PERPRGeAN BB ST g AT £ THAY S GO (LT acks and
ni t 2 has CHCRA, RS &% RAE AR SISRSIat et oo 0 RAST- K SaPIR: cur rent

MD system di sc, a next-generation MDL disc, and a next-generation MD2 disc.
The di sc 98SHERLeUBReThe 80 & dtfi-lits ergion detusretdapignie GREor 29 on a

66 CLV basis. For a wite or read QEeration.on the disc 90, an optical
head 19 enits a | B3@rsyBanflahfocPREtdFyEesar BAgvalref ehe write operation,
the optical head 19 outputs a |aser beamat a |evel high enough to heat the
recording Pragrtepmisethpatlerd vegsetst dededtorthehdeagsathiogeraf iaan, t he
optical head 19 outputs a | aser beamat a relative low level sufficient to
det ect dat APLPomeckerr.ef Lévkang| Bghtobasadeonetiednhgnehiec cierenef Mact . | n
order to inplenent these capabilities, the optical head 19 incorporates a
| aser di odeyatemasbecouseutthiiyg seanesn anibptésaboaysleamiobndd Wodihdg
pol ari zati on beam splitter and an objective |lens, and a detector
ar r angenenThéosedebec humpetrize foef ldekdtg gt areonetmine Hiphiect i ve
for sectors FCh, FDh, FEh, and FFh (h: hexadecimal). The
ADIP sector format is the same asg that of the current MD
system, because the next-generation MD1 system utilizes
the same disc used by the current MD gsystem.

The next-generation MD1 system, as shown in Fig. 10,
has its ADP cluster structure formed by 36 ADIP sectors
ranging from FCh to FFh and from OFh to 1Fh. And as
illustrated in Fig. 10, one ADIP cluster is made up of
data constituting two recording blocks of 64 kilobytes

each.

Fig. 11 depicts an ADIP sector structure for use
with the next-generation MD2 system. This structure

contains 16 ADIP sectors, so that each ADIP sector number
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lens in the optical head 19 is held illustratively by a dual axis mechani sm
in both radially and perpendi cul arly di splaceable relation with the disc
surface. A magnetic head 18 is positioned in synmetrically opposite
relation to the optical head 19 across the disc 90. The magnetic head 18
applies to the disc 90 a magnetic field so nodulated as to represent wite
data. Although not shown, there are a sled notor and a sled nmechani sm for
noving the optical head 19 in its entirety and the nmagnetic head 18 in the
radial direction of the 67 disc. The optical head 19 and magnetic head 18
execute a pul se-driven magnetic field nodul ati on process to form '

infinitesi gan BRrlekpdeseRrd He FRUr #AMY at LOAKVRE dettord airee na#r rent MD
system di sc or next-generation MDL disc, the optical head 19 and magnetic

head 18 capekgeul b PhetHekd- g;'éﬂ@:%!ﬁtdrfi MO£!H ! ald o4y oSS The

medi a drive unlt 2 also inclu a-recording roce55|ng section,

reproducti QY REAC SN G Hee ¢k (ﬁ&%ﬁ%&er op Icarféidéé%é)n to t he

recordi ng/ réproducl ng head sectl e up head 19 and

magneti c head 18, %%rghgﬂg ghsg éOtiﬁ'ogBthﬁf % gn f% %u@% the splndlev

not or 29. One of di 5¢$ the “Curt &t MD

DY near ol SBe Jer erAt 3 3 &f@%qi%’bls iy e Hor s capabl e
uestion "RERS g0 %?rﬂild@?gf?‘:g%“pf Bith o5 éqr%a oy e@“%?m@%‘%ﬂhséﬁépe "
he recor dRtgE: BRds e To B ﬂ"%q‘i&@i{‘fw&l{,%?qﬁsmnbab' e SR g Adl G

for error correction and EFM for ‘data nodul ation in order to wite
error-corr éfWegrder bits of the ADIP cluster number, a four-bit

ADIP sector number, and an 18 b1t error-correcting parlty
code.
The sync data cohstitute a signal of a
‘-predetermined pattern usea to detect the beginning of an
ADIP sector. The ADIP cluster number constitutes 16 bites,
i.e., ﬁigh-order four bits, mid-order eight-bits, and
low—order four bits. Since 16 ADIP sectors make up an
ADIP clusﬁer, each ADIP sector number ig given'in.four
~ bits. Whereas the current MD system utilizes the 14-bit
error-detecting code, the next-generation MD2 system
employs the 18-bit error-correcting parity code. For the
next-generation MD2 system, as show in Fig. 12, each.ADIP
cluster is provided with one recording block oﬁ 64
kilobytes.
Fig. 13 depiéts relations between an ADIP cluster

and BIS frames for the next-éeneration MD1 system.
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fhodul ated data to audio tracks on the current MD system disc, and the other
portion utilizing BI'S and LDC in conbination for error correction and the
1-7 pp nodul ation for data nodul ation so as to wite error corrected

nodul ated data to the next-generation MDL or MD2 system disc. The
reproduction processing section includes two portions: one adopting EFM for
data denodul ation and ACIRC for. error correction in reproducing data from
the current MD systemdisc, and the other portion utilizing the 1-7 .
denodul ati on based on data detection using the partial response schene and
Viterbi decoding nethod for data reproduction fromthe next-generation M1

or MD2 system di sms diiewrt e ORI | DO, 60 5T MOcBestépni&urt her includes a
portion for decoding ADI P signal -based addresses used by the current M

system or b¥nkhetiexh BoNSEahDOP MPAts¥at Qﬁhlv%aﬂg Erp@ FeoRS @F @epdi ng the
ADI P signal adopted by the next-generation 2 system Laser em ssion from

the opticakrBRagol@o0nk0 the-ghshadiy %P&é‘l?eéﬁasé eﬁif&brgéeéi,gmiégam

representative of information detected fromthe disc. e detecte

.infornatiogﬁegne-?cgeHEQFOQEQC EE& gﬂﬁrgg&tggggggg@i%%sa R@oﬁgﬁgptector

detecting t reflecte aser beam "1I's ent to an RF anpl I'tier 21. The
R APl 111 gl 2 sphbepbeciBRsTsheakel hBTE" BRtLR, L hus received to
Each ADIP sector is divided into two parts, i.e.,
the first—half 18 sectors and the second-half 18 sectors
‘as shown in Fig. 13. |
The data in one recording block forming‘an
increment for read and write operations are placed in a
BIS block made of 496 frames ranging from frame 10 to
frame 505. The 496—framé data constituting the BIS block
are prefixed with a 10-framevpréamble.ranging'from_frame
0 to frame 9. The data frames are further suffixed with a
six-frame postamble ranging‘from frame 506 to frame 511.
A total oﬁ 512 frames of data are thus-placed in each'of
the first and the second half of the ADIP cluster, the
first half ranging from ADIP sector FCh~ﬁo ADIP sector
ODh, the second half ranging from ADIP sector OEh té ADIP
sector 1Fh. The preamble and poétamble aré_provided to
protect the data.upoﬁ linkage with adjacent recording
blocks. The preamble frames are also used for data PLL

settlement, signal amplitude control, and signal offset

control.
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~conversion, anplification, and matrix conmputation in order to extract
reproduced information including a reproduced RF signal, a tracking error
signal TE, a focus error signal FE, and groove information (AD P )
~information recorded as track wobbles on the disc 90). Wen data are
reproduced fromthe current MD systemdisc, the reproduced RF signal :
obtained by the RF anplifier 21 is processed by an EFM denodul ation unit 24
and an ACI RC decoder 25. More specifically, the EFM denodul ation unit 24.
binarizes the reproduced RF signal into an EFM signal train before
submtting it to EFM denodul ati on. The denodul ated signal is subjected to

error correction Anghgeibal e40@AYEs PiHERSEENIebYrEherALEBEodacadgntgs. At
this point, ATRAC conpressed data are obtained. Upon data reproductlon from

‘the currentoMrs¥sbamadi &G«enar%%b%tlﬁg Bl ock 18! gl ! ‘é?ﬁtt%%t iR thyd that
setting, the selector 26 allows the dénodul ated ATRA onpresse data to be

output as pBeciBRE0IMACANIS! @10ERML hand 80 2In el dal iR Goduced

fromthe next-generation NMD1 disc, the repro uced si gna € obt ai ned

by the 70 iZ5camRhicl ber (Bl sacaﬁﬁ haa 302k Chifscdampdylali gn unit 22

~and an RS-L ecoder More speci Iy, gi vén e reproduced RF
signal, th RR tlon un|t erforns data detection through
PR(1, 2, 1 %l‘ﬁR%"fdrg%%Dwgg S%?PS‘F& g HEHS &g F@ RLL(1-7)
code train_as r rodu 8@%@ dennd#Iatlon UQ% 22 S ects the
RLL(1-7) cOHE f" Pﬁ‘ t 7)9e& RoddPatidRt FREUSTSTUI dmtﬁia are
fed~~to the RS-|.DC decoder, 23 for error correction and_de-interl| eave

processi ng®18p8 aﬁtauﬁéﬁﬂSBuctFBﬂmf?oﬁ?Pﬁ% dneRd- géaerAt PENtRBLABL PMD2

disc, the selector 26 is set to contact A The
. sector, the ADIP cluster number and ADIP sector number

.are retrieved so as to determine whether the first half
-or the second half of the ADIP cluster is in effect.
| Fig. 14 illustrates felations betwéen an ADIP
_cluéter and BIS frames for the next-generation MD2 system.
For the ne#t—generation MD2 system, as shown in Fig. 12,
16 ADIP sectors constitute one ADIP cluster. Each ADIP
~ cluster is furnished Qith one recording block of 64
kilobytes of data.

As shown in Fig. 14,vthe data in one recording
block (64 kilobytes) constituting an increment for read
~and write operations are placed in a BIS block made up of
496 framgs ranging from frame 10 to frame 505. The 496-
frame data constituting the BIS block are prefixed with a
10-frame préamble ranging from frame 0 to fraﬁe 9. The

data frames are further suffixed with a six-frame

postamble ranging from frame 506 to frame 511. A total of
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selector 26 in that setting allows the denodul ated data to be output as the
reproduced data fromthe disc 90. The tracking error signal TE and focus
error signal FE fromthe RF anplifier 21 are sent to a servo circuit 27.
The groove information fromthe RF anplifier 21 is supplied to an ADIP
denodul ation unit 30. The ADI P denodul ation unit 30 .submts the received
groove information to a band-pass filter to extract the wobble conponents,
before effecting FM denodul ati on and bi phase denodul ati on to denodul ate the
ADI P si.gnal. The denodul ated ADIP signal is fed to address decoders 32 and
33.. On the current MD system di $c or next-generation 71 MDL di sc, the

~ ADI P sect 051 BUFRGRalsS o3 Gl aPiahS qg%ed@in?&%%nAb&PFEQUﬁhﬁgggéﬂgiﬂ%” bits

next - generation MJ2 disc, by contrast, the P*Séct or

l ong as il r i i 1, T ddress _decoder 32 decodes the ADIP
addr ess frgﬁébhgbggrF%ﬁ?o%boéy59é§$5?sge ioﬁé ‘generation MDL disc, while
t he address decodgr 33 deégges t he ADIﬂwg drgss frog1%he next.- gener ati on
MD2 disc. The AD P&dRFE8UPHE BHGIPR EHRIGqHFREESgRebaEr 3pdoprtEeris sent
to a drive ﬁontrgllsr 31. Gven the ADIP address, the drive controller 31
carries oulPfe8858atyarss: Al Brovasein§o PrOtecsolde SREamaI®n from t he
RF anplifiﬁn gl is also fed to the servo circuit 27 for spindle servo
control . TH&NKBEGoWAtFc gl asentnegratdagphieskai.f f Ehenpeeamblacen t he

recei ved groove information and a reproduced cl ock signal (PLL clock signal
in effect ﬁﬁamegeé§§iﬁéﬁo used for data PLL settlement, signal

amplitude control, and signal offset control.

A physiéal address used to record‘or reproduce data
to or from a given recordiﬁg blocklis designated in the
form of an ADIP cluster. When a physical address is
designated for a write or a read operation, the ADIP

~éectof is first read from the ADIP signal in question.
From a reproduced signal of the ADIP sector, the ADIP
cluster number is then retrieved.

To start writing or reading data to or from the
disc of the above structure requires using various kinds

. of controi information for laser power calibration and
other purposes. As shown in Fig. 1, the next-generation
MD1 disc has the P-TOC area included in the lead-in area.
Diverse items of control information are acquired from
the P-TOC afea.

A P-TOC area in embossed pits is not provided on
the next-generation MD2 disc; éontrql information is

instead recorded using the ADIP signal in the lead-in
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to obtain an error signal. Haeed on the error signal thus acquired, the
.servo circuit 27 generates a spindle error signal for CLV or CAV servo
control. The servo circuit 27 generates various servo control signals (e.
g., .tracking control signal, focus control signal, sled control signal, and
spindl e control signal) based on the spindle error signal, on the tracking
errorsignal and focus error signal fromthe RF 72 amplifier 21, or on a
track junp command and an access comrand fromthe drive controller 31. The
~servo control signals,thus generated are output to a notor driver 28. Mire
specifically, the servo circuit 27 subjects the servo error signals and
commands t argach Becseseeshasnghos§efi@PRENSAL MDD, d98ENupLesessi Rie and
target value setting in order to generate the diverse servo contro

signal s. ThaghiBtie @lbéelrédclarabal escheikedr i1vges Weﬁc Raspd-on the
servo control signals fed fromthe servo circuit 27. The servo drive

signals gengr ahedmpyritBatMaet o, V?Brzéhéﬁer@ﬁQSn‘ﬂPcQFiﬂ?!%lti is drive
signals for driving the dual axis nechanism (two signals tor driving in

I
focusi 09 aadehsaghiNged 19C bLARS) cofit3hdd B g ciidedt SuBMlle MUl | Vi NG

i pec
1
the sl ed nechani sm an% a spi e notor drive~“signa Iving the

spi ndl e notQr . S er rie,.signal rovide .foc ang trackin
cgntrol onaﬁhgagi%gggﬁggﬁdaégegoP%C&%eggﬁ ?6%%&ﬁﬁéaﬁﬂ§:ﬁ§%w 5ot or 29.
curren% g%%systen1disc
t

When ‘audi o dat t ded tg th ,
Serector 26 s sartep RBnAREe s TedsbiZigHn St ARGoArtoNE RE A8l RC

encoder 14t§nd EF nndula%hon BE;t 15 to funcﬁkon. In this setup, the '
conpr essed “85t 826G SFREAPENEPZL R E Spr R8st hYSERPrEe0 13 F19ar d53ubj ect ed
'to interl eave Ero essing .a d-ﬁéror correction_coding by the ACI RC encoder
14. The oubpGt 16RdrAE A eaAcOUEr argass ofy ke CdF daaveRBE éssi ng by
the EFM nodul ation_uynit 15. The EEM nodul ated data are f,ed to a nagnetic
head dri vePO¥eTt FRbiERatAETsareg: §pr1dastre beaghPawethaante®lapplies to the
disc 90 a magnetic field representative of the EFM nodul at ed dat.a, whereby
t he data aPBXRPBEEen to audio tracks on the disc 90. Wen audio data are to
be recorded to the next generation MDL or MD2 disc, the selector 16 is set
to contact A Thafhgecleadginl dves dncRsdeHCaenonteplldreadthntRLL(1-7) PP
nodul ation unit 13 to function. In this setup, high-density data com ng
from the neeoeoydsraR3Pecontrol information. The ADIP control

information describes disc control data using the low-

order bit area of the ADIP cluster number.

More specifically, the ADIP cluster number starts

at the beginning of the recordable area and constitutes a

negative value in the lead-in area. As shown in Fig. 15,

the ADIP sector on the nekt;generation MD2 disc is made

up of four-bit sync data, eight high-order bits of the

-ADIP cluster number, eight-bit control data (i.e., low-

order bits of the ADIP cluster number), a four-bit ADIP

‘gector number, and an 18-bit error-correcting parity code.

As depicted in Fig. 15, the eight low-order bits of the

ADIP cluster number describe Eoﬁtrol data such as a disc
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.controller 3 are subjected to interl eave processi ng and RS- LDC-based error
correction coding by the RS-LDC encoder 12. The output of the RS-LDC
encoder 12 is submitted to RLL(1-7) nodul ation by the RLL(1-7)PP nodul ati.on
unit 13. The wite data in the formof an RLL(1-7) code train are fed to

t he nagnetlc head driver 17 through the selector. 16. The~magnetic head 18
applies to the disc 90 a magnetic field representative of the nodul ated
data, whereby the data are witten to audio tracks on the disc 74 90. The
“purpose of a laser driver/APC 20 is twofold: to cause the | aser diode to
emt a |aser .beamduring the read and wite operations as described above,

-and to ef fgggbte S Qi utq{%d S Al t hough not
shown, a deét ectora%?éﬁ%om t#ng t eﬁq'eégr %E)oﬁe d%CI%| s |ncorporat ed in

t he optlcal head a f,ed back to-the
- laser dri ver/AP Té% h%ﬁopgég% 'rllg\ger/qulf’%@ B\Eﬁorrpareé e[%é“‘%?erﬁrq aser
power |ev cquired a noni t. n W th n establ i shed | aser power
|l evel to ﬁ% an §¥gﬁr%§F?§EF§ﬁ€g'qB %;ﬁ?q*ﬁPt% t*B¢ 1 ORGP er ence .
refl ected |n the | aser drive n t.he Ia er driver 20 keeps the .laser .
pover- f r o e S PSP TH ISR "‘E"tt}og"r aéféd‘”  ARIHFE SAERPEVERCY Two | aser
power. | ev ., a repd | aser_ _power IeveI and a wite | aser power |evel,
are set b;‘q%ﬁesﬁq t ARG SDE ﬁEi‘%Ftr%l'sq ral 1ol e  hecakd@Rrs dri ver / APC
.20.- Under contraol of the systemcontroll'er 9, the drive controller 31 sees
“to it thafh ROIFRIUAYSHE dehe Mo dice s iRl ubah epyedekerminedyo
operatlons data write operation, and data-read operation) are properly
carried odittemyadisy. berayss thheheighind ®rwndesdoiby dfsbhd ABIP |ines nay
each be inplemented as a single-chip circuit part. 5. Initialization of
next - genercdvis¢exVbuhed M2 diefds i@tamth the next-generation MDL disc and
the next generation MD2 disc, a unique ID (U D) is recorded i-n addition to
the FAT for secuHoWycqanagénﬂataparpomoa:slembrntsmrged:lﬂarADHr sigmadach
next - generation MD1L or MD2 disc, in principle, the UDis recorded to a
predeternﬁmeddsmnﬂﬁeﬂ1inudeuaiﬂd1nInpﬁkxmhﬂmsaf@apb@égéephhendisc is
shi pped fromthe factory. Alternatively, the. U D nay be witten el sewhere
on the di publAsatdog #®.t IPCOORD3I192wE,t peb tiehed iored1 aeaidban aa‘otoa di sc
initialization, the UD may be recorded to that |ocation

‘the entire contents of which being incorporated hereln by

reference.

4. Structure of the recording/réproducihg apparatus
Described beiow with reference to Figs. 16 and 17
is a typlcal structure of a disc drive unit
(record1ng/reproduc1ng apparatus)’ that complles with
discs for recording/reproducing use with the next-
generation MDl'aqd MD2 systeme.
Fig. 16 shows a disc drive unit 1 that is
connectable illustratively with avpersonal computer 100.
The disc drive unit 1 includes a media drive unit 2,

a memory transfer controller 3, a cluster buffer memory 4,
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. beforehand. The next-generation MDL systemutilizes the sanme disc as that
of the current MD system That neans a huge nunber of current MD system

di scs already narketed with no U D recorded on any of themare to be used
by the next-generation MDi system New standards have thus been established
to allocate a specifically protected area on -each of these numerous current
- MD systemdiscs that nay be utilized by the next-generation MDL system
Upon initialization of 76 any of these discs, the disc drive unit 1 v
writes a random nunber signal to the protected area for use as the U D of
the disc in question. Under new standards, users are prohibited from =~

accessi ng tahe addRfiidrve theicas: siherdd Quns vedlsal Mdad 1 aysandom nunber
signals; it nmay be given as the conbination of a nmanufacturer code, an

equi prent  Geger FaReRd\ RERNS S UHR HHEEr, ARG dtdrdBABIREF oIt is al so
possi ble to conbine at | east one of the manufacturer code, equl pnent code,

and equi pngply & ia%ddi@]?g?%e(?r@i gfiandgm nunber for use as the UD. Fig.

~18 is a flowhart of st imtializing a next=generation MDL disc. In

the et step SUROLRLg, alfoRi 95! Selhaed LaSALLaRCRpe 015 15

accessed to determ ne er a I's“recor €re.

as being r I Lhe UDJs read a | aced ;tenpoyayily into,,say, the
auxiliary %E%%?);adug.tlﬂ?e qégéﬁsﬁao 9 (?ngﬁg f%é’é‘b?s&@ﬁ??i%ﬁ%l i $9%n" ar ea
out si de t he ,FAT %rea in the next-generatjon 1 system format, such as the
lead-in ar &35 PG HE & &¢ 33?%ﬁ¥§ﬁHQJ RlaS4i86 ¢ iBaMXed I5Pe4aF19%t and is
already furnished with a DDT area, that area may be accessed_instead. Step

5100 may b&P2kP3FEd ﬁﬁé@eq%ﬁﬁQﬂgﬂ%Q(gystem disc. An internal

'~ structure of the media‘drive unit 2 will be discuséed
later with reference to Fig. 17.

The memory transfer controller 3 controls transfers
of write and read data to and‘from'the media drive unif 2.

Under control of the memory transfer céntroller 3,

 the cluster buffer memory 4.buffers data that are read in
increments of recording blocks from data tracks of the
disc 90 by'the media drive unit 2;

The auxiliary memory 5, under control of the memory
transfer controller 3, stores various items of manageﬁent
information and special information retrieved from the
disc 90 by the media drive unit 2.

The system controller 9 provides overall control
inside the disc drive unit 1. Furthermore, the system
controller 9 controls communications with the personal
computer 100 connected to the disc drive unit 1.

More specifically, the'system controller 9 is
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In step S101, data are recorded to the U-TOC area in an EFM nodul ati on
process. Witten at this point to 77 the UUTOC is information for
securing two kinds of areas: an alert track, and an area of tracks
following the DDT area, i.e., an area in which data are to be recorded in
1-7pp nodul ation format. In step S102, data are witten to the alert track
in EFMformat. In step 5103, data are witten to the DDT area in 1-7pp.
modul ation format. In step S104, a U D is recorded outside the FAT area
such as in the DDT area. If the UD.was read fromits predeterm ned

| ocation and placed into the auxiliary menmory 5 in step S100 above, that

UDis recevtetdnieativiflyl RcsineptSi0@d hteUpRraahalotedmpigrd: asdei ng
witten in a predetermned |ocation on the disc or if step S100 is skipped

outright, aill Bhies ugenantleadeesed ;0@ Fsmamdemnunkar cpignakrapd the
generated U D.is recorded. The UDis generated illustratively by the

system congialld cBnt o2 18eNer el Vel cdnfatdd dis ra%diaaﬂfig;\ée unit 2 via

the nenory fransfer controller 3 before being witten to the disc 90. In

step S105, EATegRdaplune" AP A em‘éfrgi gfsr%'fh 9 el %z%’o‘?ﬁalf Yo tca)eu Lygpge in

1- 7pp nodul ation format. .1 n othe r the UrDis recor side the

FAT area. Eqr geneLat lded, above,
i a1 | zatrn SO A o EbRin A nsrane s dn ) B EEN e R ere 1 s ot
nmandat ory. Bart of steps for initializing a

next-gener%@?SﬁmEEgbﬁﬁgéq%P% %kgwﬁlrst step S110 of Fig. 19, a
predeternined locfii&&t%@%E&efyP'%ﬁég gﬁgpgfgg 58 is loaded into the
media drive unit 2,‘the Systém controller 9 instfucts the
media drive unit 2 to retrieve mahagemént informationvand
others from the disc 90, and causes the memory transfer.u
céntroller 3 to place the retrieved managemenﬁ
- information, etc., iﬁto the auxiliary memory 5.
Given a reQuest from the persénal*computer 100 fér
reading a ceftain FAT sector, the syétem controller 9
causes the ﬁedia drive unit 2 to read a recording block
containing-‘the FAT sector ih question. The retrieved
recording block data are written to the cluster buffer:
memory 4 under dgntrol of.the memory transfer controller
3.
From the recording block data written in the
cluster buffer mémo;y 4, the system controller 9
retrieves. the data constituting the requested FAT sector.

The retrieved data are transmitted to the personal

computer 100 through the USB interface 6 and USB hub 7
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be recorded beforehand such as thelead-in area, or the DDT area if the
disc was initialized in the past, is accessed to determ ne whether a UD s
recorded there. If the UDis judged recorded, that UDis read and- plated
tenporarily in, say, the auxiliary nenory 5. Because the UD recordi ng

| ocation is fixedly determined in, the format, it can be accessed directly
w t hout reference to any ot her nanagenent infornatron on the disc. This
feature may al so be applied to the processing di scussed above with.
reference to Fig. 18. In step S111, data are recorded to the DDT area in
1-7pp nmodul ation format. In step S112, the U D is recorded outside the FAT
area such aadep tbatbbl afeghelkgstleR cos®rdddeat o.his point is the UD

. that was retrieved fromthe predeterm ned | ocation on the disc and pl aced

into the auxiliaryi¢enosYréqh8stt Powlife bérganaieeor%ﬁgekhﬁob" Popas not
judged recorded in the predeterm ned | ocation on the disc, then a UDis

generat ed Qo;ithAgbasterehin FARIAERUEDCh Y %@%lten@%r}t%lqe&er@t ed UDis

.written. The UD’is generated il ustratlve he system controller 9.

The ge”eraEQQsZ% tht! Relil af 6§34 h?x‘?rt”%d'g% ?” atYiﬁ é:ll’% %@é:lcﬁl y“%[l”e ry

transfer controller 3 be ore being wift 113,

FAT and ot he .Ul D r.ecor d ide_the FAT area.
For the neggéggg%gFgo ﬁD&gggggg&} aéndgygﬁFﬁgg abggg rFﬁF%FXF zation of
t he record ? rea ed under .t he FA Egne i s not_effected. 6 First .
exanpl e of ﬁ@r ﬁﬂ?o FR AEnYyarERE £0s Usitsdu S oLy ¢
next - generataon VD1 $ NEZ yst ens enbog§82% this |nvent|on have their
dat a manag®B°gy Fﬁ@tﬁﬂ NG &3 HEPETHIEF S-e conpressed by
a predeternlned éﬁd? conpr essi on net hod and encr%pted for copyright
protection. The FRtemcorprectier fefasdsi khe| maweryt t¥eRgLATRACS or
ATRACS. It is also possible to adopt MP3 (MPEGL Audio Layer 3), AAC (MPER
‘Advanced AgeRbrebddergP, wathother F §81ﬁ&§¢@rb§ﬁﬁﬁe§§rGn:mmﬂﬂﬁﬁ dagralonly
audi o data but also still inmge data and noving inage data.may be handl ed.
Si nce the FRTiBgsEEAM Shenpgseongdnerapuserpddd viwa they UdBso be recor ded
and reproduced by the next-generation MD1 and MD2 systens. Furthernore,
conput er - réntiabfacand . exbeuthe| elusser ubufdes meyoby ¢ncoded on the disc so
the MDL or ‘MD2 may al so contain executable files. 80

corresponding FAT sector data are updated under control

of the system contrdller 9.
The system controller 9 then'instrﬁcts'the memory
- transfer controller 3 to transfer from the cluster buffer
memory 4 the :ecordiné block data, with the reievant‘FAT
. sector updated therein, to the media drive unit 2 as
write data. The media drive unit 2 writes the received
recordidg block data to the disc 90 following a data
modulation process.
A switch 50 is connected to the system controller 9.
This switch 50 is used to set the operation mode of the

disc drive unit 1 to either the next-generation MD1

system or the current MD system. In other words, the disc
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Descri bed below is a system for managi ng audi o data as they are recorded
~and reproduced to and fromthe next generation MD1 and MD2 di scs. Because
t he next-generation MDL and MD2 systens are designed to reproduce

hi gh-quality audi o data for extended periods of time, there are a |arge
nunber of audio data itens to be nanaged on a single disc. Since the FAT .
systemis adopted for data nanagenent purposes, better conpatibility w.th
-conputers is ensured. This feature, however, as recognized by the present
inventors, has its advantages and di sadvant ages. \Wereas the ease of
operation is enhanced on the part of users, audio-data could be copied"

illegally deiveeusatr imaRt @baBaRy ofdhtritadetidibesf £ agieristics were
-especially taken into .. consideration in the devel opnent of the inventive

audi o dat aciRFAgeTR sHBEeRMNdilE09028 0 SN oFX le@q@%tvé.l:ﬁegﬁ);%‘?e first

exanpl e of the audi o data managenent system As shown 1 n the audio

dat a ManageERhheSBE eMel RurrS i #R@t E%?ga#ﬁgzr:tﬂp tq}e%::f?qﬁfasc g,4 rggk index

file and an audio data file ont are es managed by the
FAT syste e L afdal €. ) fi t hat , agc dat es plurality of
audi o datghfgg g%%%Fﬁgg P%?e%ykﬁeﬁVg.%gﬁ.SgitCBV§§2g§F§ﬁ§d%PrE#Pﬁhe FAT
system the,audi o _data.f.il.e.a ars to _be.a very, large file. The inside of
this file ??%dﬂ\?fgaeﬁ’?’%&&1%&9’?5’?‘5‘&0.0?&5?%&8& S‘Oéﬁ é‘sgrseethaﬁ{ﬂltgbe as a set of
such parts..The .track ingf fihe,'s a file that_descgribes various types of
i nf or mat i of-PSr WdNGg R ﬁe a H?%edﬁtQeEBﬂPéFﬁédSWﬁtFﬁeléu&#@“@aténfiIe.
As shown in FiE.,SO the track index file is made up of a play order table,
a progr amBdeFFE}CaldeMAORRTEC LTymur it el oRRY abPeusgS; packwell.
information table, a part information table, and.a name table. The play
order table .indiEhee3itRedbivierunitaldie Suraishpdondthi enddebilead by
default. As shown in Fig. 31, the play order table contains information
items TI NFERif) RE2sushcas papléPerdliayild frystelt Ricpldadcri phens fel g.

with a display control signal from the system controller

9, the display unit 51 may display text data and

Simplifiedviconé constituting status information on the

disc drive unit 1 as well as user-oriented messages.

In its input section, the audio processing unit 10
includes illustratively an analog audio signal input part
made of a line inputlciréuit and a microphone input
circuit, an A/D converter, and a digital audio data input
pért. The audio processing unit 10 also includes an ATRAC
compression encoder/decoder and a conmpressed data buffer
memory. Furthermore, the audio processing uﬁit 10
‘includes in its output section a digital audio data
output part, a D/A converter, and an analog audio signal

output part made of a line output circuit and a headphone

output circuit.
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34A) corresponding to track nunmbers (i.e., nusic title nunbers) in the
track information table. Track nunbers are illustratively serial nunbers
starting from"1." The programmed play order table contains the order of
audi o data reproduction defined by the individual user. As shown in Fig.

- 32, the programmed play order table describes programed track information
items PzNFI, PINF2, etc., representing links to the track descriptors
corresponding to the track nunbers. 82 -The group infornmation table, as
depicted in Figs. 33A and 33B, describes information about groups. A group .
is defined as a set of one or nore tracks having serial track nunbers, or a
set of one or norer tEREKS: b tdo PLHM adiersermsl sy E8&k JuBesta if
Specifically, the group infornation table is nmade of group descriptors
represent | Bgq backagkUR2ePoSBERebBELE. £33EneFAIBCILRYP ABIREIP! OF
describes a start track nunber, an enﬁ track number, a grfoup~name, and a
.flag regargj t r I sti.qn_as.Lndkcat i 9. .33 The track
infornatio%h?gglggggsgggbégagﬁgo%gg Foﬁlgggﬁﬁ?tgggkngkgeF% %ﬁﬁ(:titles as
shown in Figs. 34A and 34B. Specifically,.the track inforpmation ble is
mmde up of SPRLRIOHRERPFREG: YRR D! Ds ettt iR de AR aFe “HErat) Phl

i ndi cated i,n Fi% 34A.. Each track dfscri tor, as depicted in Fig. 34B,
contai ns a9tGuFAY eyeienfatapfri gReIREnaYSHBNELERRIFmRIPISE &R ent
decryption key infqQrmation, pointer information pointing to the part nunber
serving asCPR¥eERefytPoliREaRUEFY pRife GRtERENERPNOR theqddSion, an arti st
name, a title name, original title order information, and recording tine

i nf or mat | oficRBBLEeFhe Thackinery RN i adigrdatata5e Wase awbiertPd nane do
not' contain actual names but describe pointer information pointing to

rel evant ehorRERACncompragadogiencedbng. befioreoberyas pdeeed dmtesent s a
codec operating schene serving as decryption information. The part

"i nf or mat i obhe abuéfdrswemnbey . poTi eref Bétedi dgt pante nuhber sead foomt to
actual music title | ocations as shown in Figs. 35A and 35B. Specifically,
the part iohermamoop fabkesuitabilly tipmefi pannhededdr iept,0in dartieesponding to
parts as depicted in Fig. 35A. A part is representative of one track inits
entirety otnenemehtsuktiupiralpatt soCADEPI tliubbgra)skhang & ramadlerred. 35B
indicates entries of a part descriptor in the part information table. As
shown in Ftg.tRéBne@dahdparve daser2pt orhé smedipodeiivefuaistart address and
~an end address of the part in question in the audio data file, and a |ink
to the nexsupfettsTHReadoinpEessedsadtas thakt trufeEe RNt an EFM

process before writing the modulated data to the disc 96
as audio tracks.

If the disc 90 is a current MD system disc and’if
audio tracks are to be reproduced from the disc 90, the
media drive unit 2 demo&ulates the reproduced data back

~to ATRAC-compressed data and transférs the demodulated
data to the audio processing unit 10 through the memory
transfer controller 3. The audio processing unit 10
subjects the received data to ATRAC compression decoding
to acquire linear PCM audio data which are output through

the digital audio data output part. Alternatively, the
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i nfformation, nanme table pointer information, and audio file |ocation
"pointer information may each be given in the formof a file byte offset, a
part descriptor nunber, a FAT cluster nunber, or a physical address of a
disc utilized as a storage nedium The file byte offset is a specific
implenmentation of an of fset scheme that may be inplenmented according to the

present invention, where the part pointer information-is.an offset value in

predetermined units (e. g., bytes, biits, and n-bit blocks) 84 froma : :
begi nning - of the audio file. The nanme table is a table of text making up
actual names. As shown in Fig. 36A, the nanme table is nade of a plurality
of nane sl gkseikaahdadse ageOlonveiceiegyWichk ard eanhedthy adooi nter
pointing to the nane in question. A pointer for calling up a nane may be an

arti st nangngl og hublie BERANE,! B ithagke BLEDIR k@@ @helM @edf OUP Nane
in the group information tfable. One nane slot "may be called froma

plurality ghtggknbgrﬁea hoeR SleduknpEg., 36B, each nane slot is conposed
of nane data constituting text infornfition, a nane type serving as an

attribute of the t ;i nfo pon...and a_ lin not her _nape_slot. A nane
too long to be aé%%%n%%% e%g?%éagg%ﬁg?eﬁ% n%gs%§?3ﬁ§§e§etaigﬁ8ed into a
plurality of nane.slots. The.divi.ded nane sl o are.traced on fter
anot her usPRYSPPARs CRERLEES llrgot & %W&%&ﬁ&%ﬁe%ﬂ%ﬁ?ﬁ?ﬁ g‘h@f the
audi o dat a_r na%enent S sten1i§cordin tf the invention works as follow as
i |l ustratel°Pn? F699§W?¥Fhe { Eﬁtﬁﬁﬁgﬁ? ¥i ant §x¥hetretadRtesEBESr epr oduced
is first designated_in the play order table (Fi,g. 31). Wth the track
nunber des?&ﬁgtéﬂ,I§§§e§§nﬁ§l§§ﬁﬁe&ftﬁﬂ@&&ﬁ%&qy|ﬂ94<§¥ﬁﬁ§394%9§ descri pt or
(Figs. 34A _and 34B) in_the track information table, and the linked track
descri pt or ERgipgersedvéd ot Byt be vkBild zeds forpéhe mommeatd ay-ack descri ptor
are: a coding system copyright nmanagenent infornmation, content decryption
key information, Perdtand|vrokandaba poenmangoed waéngathenBAfer serving as
the entry to the nusic title of the track in question, an artist name
poi nter, asyBtem.naliewpobnversioni §snaffecteéd betiweenntecomtliing, and
recording tine informati on about the track in question. Based on the part
nunber i nf biloaksoandeFAT! sewtolre tisadd sicnbseedatinoridtalille, iraccess i s gai ned
through a link to the applicable part descriptor in the part information
t abl e (Fi gApp3iAaand’35BpanksemPaltentanpplifcatinn o .t 2o, -2dessydi o data
file is accessed at the part corresponding to the start address of the
track (titEeledniguebki gapatkeer Fatens OF fdalende Lotihe vl ardiddie part
whose location in the audio data file is designated by the part information
table, repesgduehtenocdf waidhohddhy iincokporeddd tardid Hyosalficiendd. this
time, the reproduced data are decrypted in accordance with the

Updating a FAT sector, as described above, involves

first accessing recording block (RB) containing the FAT
sector in question and then reading the recording block
data from the disc. The retrieved data are written to the
ciuster buffer memory 4 and the FAT sector of that
récording block is updated therein. With its FAT sector
‘updated, the recording block is written back to the disc
from the cluster buffer memory 4.

The recordable area is not initialized on the next-

generation MD1 or MD2 disc. This means that if a given
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codi ng systemread fromthe applicable track descriptor in the track
information table. If the audio data are encrypted, the key information
‘read fromthe track descriptor is used to decrypt the data. If there is any
part following the part in question, a link to the destination part is
described in the part 86 descriptor. The relevant part descriptors are
read one after another in accordance with the links, so that the audio-data:

in the audio data file are reproduced fromthe parts whose |ocations -are . ;.

desi gnated by the accessed part descriptors. These steps allow the audio
data to be reproduced fromthe desired track (nusic title). A nanme slot

(Fi g. 36A) regorfiéngaipdockblhas yetalticedd roved hapdncBAToBetobrNaIpelapei, Nt er
i nformation) designated by an artist nanme pointer or a title name pointer
~read from aheattenpti bboreati ahet akkerdiageblack datar edd lf neEdlre nane
~slot thus called. The nane pointer information may be a name slot nunber, a
cluster nuirhea data kepgodubedahl efrrbabbecsyseeio ®F diRfmedi Gad address of
a storage nedium for exanple. Each name slot in the nane table may be

ref erencedobtaiadp! WiathtYo 0da®Ri PEELSeREd "ERLHOPRE abgue. cRar pg¥anpl e,
where nultiple titles of the sane artist are recorded, the sane nane sl ot

in the nanBeteBkechanbef seeppadrbyom a plurality of pointers in the track
information table as shown in Fig. 38..1n the exanple of Fig. 38, track

descriptors "L " igadsancs” finr SDEESENL) LBCLYSLGeLi b e5cald belongi ng to

the sane arti st D," so that the Sang nane 'S refrerenced from

each of thgegg Cy.} rs, N i g. , track 87 descriptors
Y30 Vs, 'ERE FEACEALRECEIBER Sonfalfibd, BbE ki solTRE i @ Eid e
artist " "_so.that the_sane .nanme . slot i.s,also referenced from each
of theseeﬁggéig%gécFﬁsgﬁpg.t eﬁeggfﬁlﬁgngigF%tdﬁﬁatﬁgqmmﬁiq s

‘al.l owed to_be regerenc d.froma plurality of pointers, the size of the nane
tabl e can becrBAREEEVE pg@EPaBFﬁ.W?&FFEErﬁﬁrE,ei Seket Stdsdut a given
artist nane may be disgla¥ed by use of links to the nane table. If it is
desired t o"gTCHYay 5°I P8t ©6f SHhERELt FhPesaBErRbn§ATy SestoraPatend zan i st
named "DEF HAND, " the track descriptors referencing the same nanme slot "DEF
BAND' ar e FRectacardingePlorhs orfirsonths weepragede aneehis srhnple, the
track descriptors "1," "2," and "4" referencing the address in the nane

sl ot "DEF Banpradigedyaéédthrdrenerdéser bppek iLnf gquestiiom hasagwtired. The
- information thus obtained permits a display of the nusic titles which

bel ong to ¥pebarused. nhhedat DERPBAKD" extttanhi theadatlaelwd 1dn atlisics di sc.
There are no links going fromthe nanme table back to the track information
tabl e, becBatk encwihiineeshdt in ekeonanast dbkte repalodmesddro wielr ef er enced
froma plurality of pointers. Wen audio data are to be recorded anew, an
unused ar emo nRfesignal aebthimetl.a predeterm ned nunber of consecutive

- recording blocks (e. g., four recording 88 bl ocks) is allocated according
to the FAT tabl e THRectuiliunge bdisdssgee atbdesaiedoipsarcehteal pyso as to

m ni m ze wastage in accessing the recorded audi o data. Wien the audi o data
recordabl edeteomining| waatBedr ehaeucteaskddesebrdlitl b R%S HAHREE - t he
track information table, and a content key for encrypting the audio data in

question isedigngs@diedn The papet atfli thdatecsreisgCchYBtRdis judged
. unused, the recording block data are noﬁ read.
More specifibally,_a signal recording bitmap (SRB)
is created to indicate whether each of the recording
} blockskrepresentea by a recording block nﬁmber have ever
been used, as shown in Fig. 20. In the signal recording

bitmap, a bit "0" is set for each recording block that
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using the key before getting recorded to the unused area allocated. The
area in which the audi o data have been recorded is chained to the tail end
of the audio data file in the FAT file system Wth the new audi o data
chained to the audio data file, information about the chained location is
generated, and the newly generated audio data |l ocation information is
witten to a newly assigned part descriptor. Key information and a part

" nunber are witten to the new track.descriptor. |If necessary, an arti st
nane and a title name are witten to relevant nanme slots. In the track
descriptor, pointers are described with links to the artist name and title

name. The hasbmevet hhd 8agekwieseenptberefojuasid @nbit writt tign d«t the play
order table, and the applicable copyright nmanagenent -information is :

updated. Weep endi Pedataingeplochethapr aducadehr oPid 8% tHAddsWar track,
informati on about the designated track nunber is retrieved fromthe play

order tabl eegdbhechtack descriptor corresponding to the track fromwhich to
reproduce the audio data is then acquired. Key information is obtained from

the applicable ,.g (ﬁ agk fges rff%&%héfktgf é{gﬁ #QL?égﬁEdthgﬁble and the

~part descriptor indicating the area contarntn i §75Cq8i red. From

t h t th n.the audi o data
frﬁepar ?ﬁé%%%ﬁé ﬁgﬁﬁuggﬁtggﬁr gﬁ Ege?iséﬂ Igndaﬁﬁ' and data are

tri d f | ocation. The repr ced data f nrthe Iocat on
aserhggsyp?éﬁg%égﬁbgtHégicgﬂﬁran &JePRESEHRR, ﬁ%fépdama() |
reproducti g | f tg art descriptor _has a link to another part the |inked
part is acfﬁigﬁddﬁ a ?ﬂe18859@e§g§p§faFéTr§S€£P€§ from the disc

loaded in the disc drive unit.

In step S1 of Figf 21, the gompﬁter issues a
command to read data from a FAT sector, and the number of
the recording block containing the FAT sector in question
is obtained. The sector number in this case is an
absolute sector number, with number 0 representlng the
beginning of the user area on the disc. In step 82, a
check is made to see whether the FAT sector has been
replaced b? an-alﬁernate‘sector.

If in step S2 the FAT sector is not judged to have
been replaced by an alternate sector, this means the
target FAT sector is included in the recording block
whose numbef.was obtained in step S1. 1In that case, step
S3 is reached in.which the bit (0 or 1) corresponding to

- the recording block number is acquired from the signal
fecording bitmap.

If in step 82 the FAT sector in question is judged
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Suppose that it is desired to change a track nunber "n" of a given track in
the play order table into a track nunber "n+m" In that case, a track
descriptor Dn describing irnformati on about the track in question is first
obtained froma track information item TINFn in the play order table. All
val ues representing track information itens TINFn+1l through TINFn+m (i.e.,
track descriptor nunbers) are advanced by one place. The nunber of the:
track descriptor Dn is then witten to the track 90 infornmation item

TI NFn+m Suppose now that a track with a track nunber "n™ is desired to be
erased. In this case, the track descriptor Dn describing the information
about the tpabRVESbaeQUrepdaﬁednbyhentaacbrnatersabm@m i BemalthiEd i n t he
play order table. All valid track descriptor nunbers follow ng the track
“informati omeadywyiteNBpetaitdonhdsplkay ber darrtield euvar emdtanced by one

pl ace. Moreover, because the track "n" is to be erased, all track

i nf or mat i oalestnaes shatofol | Dw thackcise, aeeepdsanﬂgdreachaa ghay order by
~one place. Based on the track descriptor Dn thus obtained for the track to

be del et edwhiibh ehdi pgcoydied aldckhautbery bt ok 160 HaRPRFRY to the
~track in question are acquired fromthe track information table. Also_

acquired '§1EEQnHH€bSécEBra1@abbtﬁgﬁéﬁ'EE%& BN ppid a0 el & 23 &
containing the start audio data. An audi o bl ock mnah its range designat ed
by the par s i PO dg om.t dii@ d3¢;q f the FAT
file syste?ntg hg% ?%ek?ﬁggﬁége %?%g?g ggnqgf@t %Htkgb %12: GLS?%

© erased frogb%g #Bﬁﬁ% nEgr % Bﬂmbgglﬁfa?getggﬁ %%anﬁ tor is erased
0 € par

fromthe or at e’so as ree ption on the
file syste t arts B._and C hav been chai ned
and t hat p§§P§%EBQE§e ? 8EE8 gtgrgsgﬁg IESQFCqUFEe S e that the
parts A and.B. sg gc § nE gudlo bl ock (and the same FAT cluster) and
that the Fiﬁggﬁ ﬁ 3REi Ra6h: is al so assuned that while the part C

"is |located |nned| I r the art ‘Bin the audio data file, the parts C
and B are in fact L%&E?%i Y?%ﬁ@ %%d??pmh%nSFﬁ%CF%#egaBFeSPQWEhéEked I'n

that case, _as shown in Fig, 39B, erasing the part B allows two FAT clusters
not shari ngigny2 erué?%rn9m@¢F§FE&V%aYQtt%Ob%edE¥bEﬁ@E £Pofn FR¥SPAT chai n
(i.e., reverted to free areas)._ In other words, the audio data file is

~short ened b§cPeaingubieckl okks. bAs gorgsegpending to that block is

'illustratively "0"; if data have been written to a
recording block at least once, the corresponding bit for
thet block is illustrativeiy "1.” Step 83 is followed by
step S5 in which the signal recording bitmap is
‘referenced to see whether the recording block in question
has had data written thereto in the past. |

If in step S5 the bit is judged to be "1
corresponding to the recording block number in queetion
in the signal recordingAbitmap (i.e., the recording block
has had data written thereto in the past), then step S6
is reached. bIn step S6, the recording block data are read

from the disc_and written to the cluster buffer memory 4.
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nunber "4" is subtracted from each of the nunbers of the audi o bl ocks
recorded in the part C and subsequent parts. Part of a track may be erased
instead of the track as a whole. If.a.- track is partially erased,

i nformati on about the remai ning track nmay be decrypted using the coding
system and the decryption key which correspond to the track in question and
whi ch are acquired fromthe rel evant part descriptor Pn in the track
information table) If it is desired to conbine a track "n" with a track
"n+1" in the play order table, a track descriptor nunber Dn is acquired
froma track information item TINFn in the play order table the track
descri ptor 1deseepbsng 8Re dabhoebRiespoaliony tbetheaekrget, Famd a track
descriptor nunber Dmis obtained froma track |nfornat|on itemr TINFn+1l in

the play ogdetokahie, ekbeabtaak reercihBige HRSCEQEREL Bl @Rt i on about the
track "n+1." All valid TINE values (track descriptor nunbers) follow ng the

|ten1TINFnﬁgmbgytQeaﬁhaquEQQragaQE daagt%dvanced by one place. A search is
made through the programmed play order tabl'e in order to erase all tracks

referencing the ty ?Cfndgé | @& Ofp l@\f%n%gﬁgéapﬁ5og keguls generated, and

a part descriptor Tist bt ai ned Trom ack descrlptor Dn To the
~tail end o escr ot Li n r escriptor .list
extracted ?%%?%R ﬁ?&g§k§§e§§%|%FS?§BWP§SB; gcﬁ Eke%hépe tﬁfﬁbks are to
be conbi ned eir tra k_descr ors, need to be npared Q _as scertaln
that the cé%y&ﬁﬁhfégpﬁ oF@gargfggn %tEBRpr6nFsed 5aFFc8§§&PﬁbF%f§’ eed to
be obtalneg fr8n1thess rack descrlgtors to n% surg@ with reference to
the FAT t aBPg, PefaPos agﬁeWF&FFSH FBPLEER PeqbiPre Ny 8& SRe £8udéh
conbi nation of the two tracks. It may al so be necessary to update pointers
to the nankefgbee: Vﬂ%r%t?meSQraE@e"?Pt+§ed%%V$%@rt%u% ey PeuedYi fto a
track "n" and a_track "n+l1l," the track descriptor nunmber Dn descri bi ng
i nf or mat i ohSabblite@hwithagrrof: Steprs§ D8 fohlowedddyfpbaPt B3 LRack
information item TINFn in the play order table. Fromthe track information
i tem TI NFnwhich the grhy epdwespapléngt he thackagestr Fpffosenteyearom
descri bing information about the track ~~n+l~~ is obtained. All valid TINF
val ues (treskrdetedi from mansbdeskheobluetey bhéferavemonfodmamidon item
TINFn+1 in the play order table are advanced by one place. A new key is
gener at ed buvtpuheasr aeadddatri.pt or Dn. The part descriptor list is
~extracted fromthe track descriptor Dn. A new part descriptor is allocated,
and the part desd@ig! @2 chmtenflowcledftecdt befteope theriedckudi whahon is
copied to the newy allocated part descriptor. The part descriptor
cont ai ni ngthe dp&¥rdbongl pebmputers bonheaeddupot ehkehal spoiditiveanghiany part
descriptor |inks subsequent to the dividing point are discarded. The newy

al | ocat ed pampateBtei Wieh theSabxthgedeahekynaiber ahle Miiovigdigeg point. 7.
Second exanpl e of ‘the audi o data managenent system A second exanple of the

audi o dat ay#epagesrph &MSRQ&E%HEQ' BE FAT! BRCLBYENLLORKY di geow be
described. Fig. 40 is an explanatory view of a second-exanple setup of the

inventive gggagddgﬁat nagggeaglggshﬁgh As shown in Fig. 40, the audio data
managenent system of t

In step S11 of Fig. 22, the computer issues a
command to write data to a FAT sector, and the ﬁumber of
the recording block containing the FAT sectér in question
is obtained. The sector number in this case is also an
absolute sector number, with number 0 representing the
beginning of the user area on the disc. In step S12, a

check is made to see whether the FAT sector has been
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exanpl e invol ves generating a track index file and a plurality of audio
data files on the disc. These files are nanaged by the FAT system Each
audio data file, as shown in Fig. 41, accommpbdates audi o data constituting
a single nmusic title (piece of music) in principle. The audio data file has
a header that includes a title, decryption key information, copyright .
managenent i nformation, and index information. |Indexes are used to. divide
one piece of nusic on a single track into a plurality of tracks. The header
records the locations of index-divided tracks in conjunction wth index
nunbers. Illustratively, up to 255 indexes may be set to a track. The track
i ndex fil ereplactdl byt hat alesehehbes seacoaus itens of information for '
- managi ng the audio data retained in audio data files. As shown in Fig. 42,

the track index fifeinhSst@slesup ©he aFRT ayeOtSer ihafhest donr 98r agaed play
order table, a group information table, a track information table, and a

- name tabl ?jua:géd_ptéyha{réebebﬁbEc%pﬂ.&@ia@ab?s_ahha_lQ%%%t%f sldticr datat :
reproduction defined by default. As shown in Fig. 43, the play order table

contains i ptahEBRthanchigee FhMFkectbMFig &he%ugggg&%s%ﬁé &%Adf&ﬁgto track

descriptors (Fig. 46A) Corresponding to trac ers .e., nmusic title 95

numbers) 1B1bBR LHBEK HALBENAL: n,pb$%'ei%€dTri C‘ét%g.r%ﬁrls. g higsegklvel ¥

serial nunbers starting fro rogranmme ay o rtable céntains
(e 01 o7 ke, 43" BRERLANE! LI ACTiot B e g vidual user. A
vcorresponding to the recording block number is acquired
from the signal recprding bitmap.
If in step S12 thévFAT sector is judged to have
been replaced by an alternate sector, an actual
read/write operation is to be carried ouﬁ on the
alternate sector. In that case, step S14 is reached in
'which the recofding block number representing the actual
alternate sector is obtained from the DDT alternate table.
Step 814 is followed by step S13 in wﬁich the bit (0 or
1) corresponding to‘thé number of‘the recording block
containing the alternate sector is acquired from the
signal recording bitmap. -
The signal recording map is structured as shown in
Fig. 20. If no data have yet to be written to a given
recording block, the bit correspcnding to that block is
illustratively "0"; if data have been wriﬁten to a

recording block at least once) the corresponding bit for

that block is illustratively‘"l.”- Step 813 is followed by
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‘describes programmed track information itens PINF1, PINF2, etc.,
representing links to the track descriptors corresponding to the track,
nunbers. The group information table, as depicted in Figs. 45A and 45B,
~describes informati on about groups. A group is defined as a set of one or
more tracks having serial track nunbers, or a set of one or nore tracks
with programmed serial track nunbers. Specifically, the group information
table is made of group descriptors representing track groups as shown in
Fig. 45A. Each group descriptor describes a start track nunber, an end
track nunber, a group nanme, and a flag regarding the group in question as
i ndi cat ed E&epi §1543B. whieht thek Siimﬂ"@r%mmdiaig didewgy idees i nformation
about tracks, i.e., music titles as shown in Figs. 46A and 46B.

Speci fi cal kgferhpcedatie isefeownmther tds edcortdoe Uyl cafk-tiraguekasioan pt or s
representing tracks (rmusic titles) as indicated in Fig. 46A. Each track
descri pt or haashddpdated wiri tEieg theRetiondnude pafdd.e poi nter pointing 96
to the audio data file of the track in question, an index nunber of the
track, an artist DAnen 8téptEesnene, boti @sngldgkll ecobder 1innf or mation, and
recording tinme informati on about the track. The artist name and title nane
do not contairRedpbudinga®es thiel rdResdiRg BAIJHKE Muny 8t | sFE)}de ing to
rel evant entries in the nane table. The ™ nane table is a table of texts
maki ng up agt gk . MRS B4l ‘A th ‘ e | of a
plurality of harregg otgsl. é%ach nar?le%é}llgg{t&pi g(al'ieﬁléegzgv%na{%éao%%il%aq lﬁ%l y a

poi nter poyRki RGat Aathe LN g i.0 ointen f al -l p- a nane
may. be an gerEi gfgdngﬁ%goygg%?iet é:%%g%oi rqnt ﬁg%t ?%c%)i’n%eﬁriatgleoe?t%ﬁbq e, or a
. group nane;in,. oupsn i PN I N sl ot be called from

.a pIuraIit;borgggpggérs?hAéeéég%%gédEﬁ% ﬁ?aggﬁ?ﬁgn§£8ﬁﬁn %ggsﬁﬁF is .
conposed of._ ta, a.nane _type, .and _a . link to.anqther slot. A nane
too long t %eggnggggm%gafiéﬁci ;o Wﬁgltgnn%?e t_‘E’Ieotc Sfe Qi‘}%d into a-
plurality of nane,slois. The djyided nane slots.are traced one after
anot her usPRYCFY nks d%%c??%?ngi¥hetaﬁo BLAafRTTeRRORELBHIEOx ARSI e of the
audi o dat a_ nanagenent sgstenxacc rding to the~invention works as follow as
iIIustrateBaFﬂegiggT4§? ERE trRatkengrEerddngs hlacker ey rerlagad to be
reproduced is first designated in the play order table (Fig. 43). Wth the
track nunb@}thengﬁﬁtgéF?a&Eéégei§h§apﬁé§t@ﬁY6W§ﬁQ§Imﬁm@ﬁkrﬁhe track
descriptor (Figs._ 46A and 46B) in the track information table, and the
| i.nked. track desckf ptrstepreis|ehedbitohst hudgadl 0 ReadOf'rom the track
descriptor are: a file pointer pointing to the audio data file in question,
an i ndex nt@bEespPnEhBgt Fackhenrggesdiog, bdwck mugberanm ppiedtdrgn a title
name pointgr, original title order information, and recording tine
i nf or mat i ok abbat sigvalr aekorBasgd bdtmalpe (dudi.o ddea redordioigtkeiqgek he
audio data file in question is accessed and information is read fromthe
header of kae hadlenol athewaitdiendaharate eocfppt)ed thde domp igufeorimmt i on
read fromthe header is used to decrypt the data for audio data
repr oduct i peachédan Imdsbepusb@; the dent gpet elustbe bacdkiromepbrihe
desi gnat ed i ndex nunber is detected fromthe header information, and audio
data reprofisicfibhedswithr kedobl Onst&e $08ais0n001olvBat biyndespneibeln

which the data corresponding to the target FAT sector in
the recording block are replaced with the write data
inside the cluster buffer memory 4.

After the data cérresponding to the target FAT
sector in the recording block of interest are replaced

with the write data in step s17, step S19 is reached. 1In
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A nane slot is called fromthe |ocation designated by the artist name
pointer or the title nanme pointer retrieved fromthe track information
table. Name data are read fromthe name slot thus called. Wen audi o data
are to~be recorded anew, an unused 98 area nmade up of at |least a
predet erm ned nunber of consecutive recording blocks (e. g., four recording
bl ocks) is allocated according to the FAT table. Wen the audi o data
recordabl e area is allocated, a new track descriptor is assigned to the
track information table, and a content key for encrypting the audio data in
guestion is generated. The input audio data are encrypted using the key,
and an audBbepa8idfitbei segendingellockhdahe emer ypticdeaudiootiata. A file
poi nter of the newy generated audio data file and key information are
witten todihe.newl y assigned track descriptor. If necessary, an arti st
name .and a title nane are witten to relevant nanme slots. In the track

descriptor, pointgs dedcdrdast) ivash vddh ldrksyietde estbst roagerase title
name. The nunber of the track descriptor in questionis witten to the play

order  tabl g pANdsbBEoAPPLI ERBER £8PMAEENECNBRRAYSRERhE BhoLFRLIGN 1S
updat ed. When audio data are to be reproduced froma particul ar track,

i nformati u : g d a i t gl.eved froom the play
or der tab?g}égﬁeé?%ggtggégc??%?ofggoggggggﬁﬁéﬁgéyé%tEggﬁrggfdgro%?mhich to

reproduce {he 2UdbPafAloplSckNER F64LE°HNuERSIARA" B e LRGK ARRCT T PLOM TN
‘ frqm the recording block, and the entire cluster buffer
memory 4 is filled with zeros. This allows the unused
recording block to be handled as héving an initial valﬁe
of 0. As a result, no error occurs when data afe written
or read in increments of FAT sectors even if the
reCordiné.block coﬁtaining the target FAT sector has
never been used and an RF signal is not acquired.
In the preceding examples, data are written to or
read from the target FAT sector in a setup where the
- personal computer is connected to the diéc drive unit
.compatibie with the next-generation MDl.and MD2'discs. In
such cases, the FAT sector is designated by the personal
computer using an absolute sector number, with number 0
representing the beginning of the user area. By contrast,
if the disc drive unit alone is used tb write or read
data to or from the target FAT sector on the disc, the

FAT sector is identified using a file directory entry and

a FAT chain, as shown in Figs. 23 and 24.
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information table, the file pointer pointing to the audio data file
containing the desired audio data and the index nunber of the track in
question are obtained. The audio data file i's then accessed and key
information is acquired fromthe header of the file. The reproduced data
fromthe audio data file are decrypted using the acquired key information
for audio data reproduction. \Were the ' index nunber is designated, audio
data reproduction is started fromthe | ocation of the designated index
nunber. Wiere a track "n" is desired to be divided into a track "n" and a
track "n+1," a track descriptor nunber Dn describing information about the
track "n" is firsFigcqrdrid &rfhoachanckof nfoepat i anwhiem thAFaika the play
order table. Froma track information item TINFn+1, a track descriptor

nunber Dm dedoei bnig hlbaemricade daedt firbe br #ak setlod SO giagd All
valid TINF values (track descriptor nunbers) _follow ng the track

i nformati ogenkeatIbNFRDL o Mbe Bliay.order table are advanced by one pl ace.
As shown in Fig. 49, using an index arrangenent J allows data in one file

to be divided i ntpnas@élyrgéitagfof-léngg ¥ed.pL eag) o d Ge ! ggﬁétggggﬁ% hei ng

used and the |l ocations of the indexed areas are witten eadéer of

Lhe audl o bEaghe! Fhe LugEs! Loy 0 ATHRACIRESLE Fal0llRlaand, an 1 ndex

nunber are witten to one trac escripto

o P o B ATHATOL LR s 05 UL SESMEAL BB 2R e |

audi o datafgggg kRTaQEus%gt|¥sdhghg§red from the file directory
entry. In step 823; a FAT table chain is followed from
the starting absolute”cluster number thus aéquired, until
the absolute cluéter number of the target FAT cluster is
obtaiﬁed. In sﬁep S24, the absolute sector number of the
target FAT sector is acquired from.the absolutefcluéter
number of the target FAT cluster. With the absolute
sector number of the target FAT sector thus acquired,
step S25 is reached in which data are read from the FAT
sector. The sector data reading procegs is the same as
that shown in Fig. 21.

Fig..24:is a flowchart of steps in which the.disc
drive unit alone writes.data to a FAT sector of a next-
generation MD1 or MD2 disc.

In step S31 of Fig. 24, the relative cluster number
of the FAT cluster containing the target FAT sector is
obtained. In step S32, the absolute cluster number of the

»

fi;st FAT cluster is acquired from the file directory

60



into two pieces of nusic M1 and ML2 over two tracks. If it is desired to
conbine a track "n" with a track "n+1" in the play order table, a track
descriptor nunber Dn describing information about the track "n" is acquired
froma track information item TINFn in the play order ‘table, and a track
descriptor nunber Dm describing information about the track "n+1" is
obtained froma track information item TINFn+1 in the play order table." .
All valid TINF values (track descriptor nunbers) following the item Tl NFn+1
in the play order table are advanced by one place. If the track "n" and
track "n+1" are found in the sane audio data file and separated from each

ot her by arntidex, IthBeEr g3Bngtheerandexsbhaf ehaBhi @8 fFoamokied eader of
the file allows the tracks to be conbined as illustrated in Fig. 50. Two

pi eces of oy GoMEL iaRd M1t d e et frﬁﬁ&%ﬂ&dé‘%%ﬁ%d‘?%ﬁﬁf a

single piece of nmusic M23 on one track. Suppose that the track "n" 1s the

| ndex-di vi datk aaidaachaldh it 1 A G2 rld Ak YR A6l 101

"n+1" is found at the beginning of another au case,

?ﬁazg?g?vgggg%%ng""%phFQQQ;gg?éaghgg§§g8&§5%ggﬁgﬁé%é§§e tgggiﬁaeé pi ece
T B s TR SIS AR, L
the musi o FTPEREE Chie PRI A0 GHAe c Abstardermpspiace ©0 2 11

sector number of the target FAT sector thus acquired,

step 835 is reached in which data are written to the FAT
sector. The sector data writing process is the same as
that shown in Fig. 22.
In the preceding exampies, Ehe signal.recording
bitmap shown in Fig. 20 is used to determine wheﬁher the
recording block containing the target FAT sector has ever
been uséd beforew The FAT is illustratively managed in
increments of 32-kilobyte FAT clusters. Using the FAT
information makes it possible to check whether any givén
FAT»sector has been used in the past. Based on the FAT
information, it is possible to create a signal recording
bitmap showing illustratively whether each of the 64-
kilobyte recording blocks has already been uéed at least
once. |

Fig. 25 is a flowchart of steps for generating a

signal recording bitmap using FAT information. In step

S41 of Fig. 15, with the disc loaded, the values
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thus conbined into a single piece of nusic Mol on one track. The processes
above are inplenented by two functions. One function involves adding a
header to each of index-divided tracks, encrypting track data using a
different encryption key for each track, and transform ng i ndexed audio
data into a single audio data file. The other function involves erasing
‘header information froma given audio data file and connecting the data in
that file to another audio data file. 8. Operation during connection with
t he personal conputer The next-generation MD1 and MD2 systens adopt the FAT
system as their data managenent systemin order to secure conmpatibility

wi th persomepressnuteive bf thkl eesoiding blaickaexir gereldigmen MD1 and MD2
discs are used to record and reproduce not only audi o data but al so general

data handl edcbydpagsbhamapoaret ans. reaethecdizeedri Y8 591\3& $42audha data
are reproduced as they are being read fromthe disc 90. en the ability of

~the portabkgTt yRGoESE 18k Y8 wahH.l 1R 8€68S§48at ankSel akenphit ount,
audi o data shouldopreférably be recorded ggquenfially onEthhgiggﬁegy

contrast, §hespeksgral. conputer has no consideration for such data _
continuity when writing data to the disc; the PC records data to any free

areas found availﬁplﬁ Qﬂetpfr -SﬁATT t£§cggdkﬁg/iggéodgﬁ%ﬁﬂsaggaratus of
0 ed’'to '

the invention has the personal conputeér connec 85dPsE drive

unit 1 thr e B 7.sqQ that .the p onal conput,er 100 wite
data to th@gg?s%ggﬁg?ogggghFﬁ gﬁgﬁdp ctgFigé uﬁﬁPs%Fg%h éﬁv' 'S genera
data are witten under contrql of the file systemof th ersonal conputer
100, whi | e“8GHi 8°845t 455 esﬁr%FFen %h@%rb%an thﬁfS%ﬂﬁaiiFEcgf Bfh of the
di sc drivebugit'l.. .Flga. 52A ag%gSZB are expl anatory views sketching how
managenent ri e p 0 ¥&hd t he
SEPRBY | 1iFh RBTERSBenREeR ot REYpEFESRS FATISILELeRD
disc drive ugit,l connected therewith through the USB hub 7, not shown,
dependi ng YRIENEREPEE B8F J4f'a those Ritedém the péomadc negaFsing t he

bitmap, which correspond to used FAT clusters, are each
set to "1.”
That is: with the first FAT entry accessed in step

. 843, step S44 is reached in which a check is made to see
if the currently checked entry is the last FAT entry. If
in step S44 the currently chécked entry is not judged to
be the last FAT entry, step S45 is reached. In step 845,
a check is made to see whether the currently checked FAT
entry is a used FAT cluster.

If in step S45 the currently checked FAT entry is
judged to be an unused FAT cluster, step S46 is reached
in which the next FAT entry is reached. From step S46,
4éontrc1 is returned to step S44.

If in step 545 the currently checked FAT entry is

judged to be a used FAT clustér, step S47 is reached in
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103 drive unit 1. Fig. 52A shows how general data are transferred from
the personal conputer 100 to the disc drive unit 1 for recording onto the
disc 90 in the drive unit 1. In this case, the file systemon the part of

t he personal conputer 100 provides FAT managenent over the disc 900. It is
assuned that the disc 90 has been formatted by either the next-generation
MD1 system or the next generation MD2 system Viewed fromthe personal -
conput er 100, the connected disc drive unit 1 functions apparently as a
renmovabl e di sc under PC control. The personal computer 100 can then wite
and read data to and fromthe disc 90 in the disc drive unit 1 in the sane
manner thawhiibh PBewnutberand thedsedatrding dlddk eormdimddlthali sc. The
file systemof the personal conputer 100 may be furnished as part of the

capabi | i ti paTotlaBted (QpeuabitignSist obkadaed.edrhysthp Begl0@heApils vel |
known, the OS nay be recorded as suitable programfiles on a hard disc-

drive i nc0b@@t@bgenamngheopehéo@@bo%almg!;t &1.otR0 1 URRIE ANy '“F?LrT tdife program
files are read and executed by the persdnal computer 100 to i enent the

CS capabi | ktpgs3 Eea é%ﬁfﬁ%gtagow fﬂdgeeﬁaéa ar EhU g&%%&%d g&&gthe

per sonal conputer c drive u recor onto

the disc 99l gg sﬂean UReoflrLvg, UBkS, Meri R et gved
il Iustratlvely romth
S44. |

Repeatedly performing steps S44 through S49

generates a signal recording bitmap in which the bits

K - corresponding to unused FAT clusters are left unchangéd
at "0" while ;he bits corresponding to used FAT clusters
are each set to "1.”

" If in step S44 the currently checked FAT entry is
judged to be the last FAT entry, then step S50 is reached
in which the signal recording bitmap is deemed complete.

As described, using the FAT information mékes it
possible to create the signal recording bitmap. Depending
on the operating system, however,.the FAT clusters judged
used based on the FAT information may not signify those
with data actually written thereto in the past. Under
such an operating system, some FAT clusters may be judged
already used but in fact they are unused.

The above conflict is avoided by writing the signal

recording bitmap to the disc. As illustrated in Figs. 2

and 4, the next-generation MD1 and MD2 discs have a
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disc drive (HDD) held by the personal conputer 100. It is assuned that the
personal conputer 100 carries utility software for submtting audio data to
ATRAC conpressi on encoding and for requiring the disc drive unit 1 to wite
or erase audio data to or fromthe disc 90 |oaded in the unit 1. ‘The
utility software-is also assuned to be capable of referencing a track index
file on the disc 90 in the disc drive unit 1 in order to |ook up track-

i nformation recorded on the disc 90. This utility software is held
illustratively as programfiles on the HDD of the personal conputer 100.
Descri bed bel ow i s how audi-o data recorded on a storage nedi um of the

per sonal coepetrwe t@achr eachpbeawkeent thes DB edaakd andc ahdedaio t he di sc 90
| oaded in the disc drive unit 1. It is assumed that the utility software

ment i oned abamk.iSTh@ofedefﬁeaﬂya@hemaﬁhbeua@édftbsfeﬁéiﬁoéﬁﬁigﬁamperatiOn
on the personal conputer 100 causing it to wite desired audio data (called

the audi o datardiher bineap) thaemactemibRatest BegfiadC X2 Jreadrd in the disc
drive unit 1. The operation triggers the utility software to 1ssue a wite

request COBHBREpr ¢d¥eshhRdcd Whbld 9Bekati.opoof the audio 105 data A onto
the disc 90. The wite request command i S sent fromthe personal conputer

100 to the disc difvenunibodes UM (elaAgr an DN LeadobLampie HOD

of the personal conputer,100. The retrieved audl o aré subj ected to

A TG C8TBhgs S aBogAT AL BYcRLECERS aBY LRl i ALY G e BY
system, the bitmap can be accessed directly based on its
predetermined location. The DDT track and FAT track may
also be accessed directly if their locations are
determined beforehand by the system. Obviously, the
locations of these spedial tracks may alternatively be‘
recorded in the management area (U-TOC én the next-
generation MD1l disc; control area containing ADIP-based
control information on the next-generation MD2 disé). The
data from the DDT track and FAT track are read when the
.disc is loaded, and are placed into a bﬁffer memory. ' The
data Ehus retrieved are used as the basisg fdr generating
alternate sectﬁr information and FAT information. These
items of information in the buffer memory are updated
while the disc is being used. When thé disc is ejected,
the updated alternate sector information and FAT
information are written back to the DDT track and FAT

track. Writing or reading the signal recording bitmap to

or from its recording track is done basically the same
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The process turns the audio data A into ATR AC-conpressed data that are
transferred fromthe personal conputer 100 to the disc drive unit 1. Upon
recei pt of the wite request conmand fromthe personal conputer 100, the
disc drive unit 1 starts receiving the ATRAC-conpressed audi o data A being
transferred fromthe personal conputer 100. The disc drive unit 1
recogni zes the command as a directive for witing the transferred data to
the disc 90 as audio data. Mdre specifically, the disc drive unit 1
receives the audio data A fromthe personal computer 100 through the USB
hub 7. The received data are forwarded to the nedia drive unit 2 via the
USB i nt er f ¥8¥ GSaMd@ifdmsr p1 reasiag thet Gaitiaet o3 oxwhrem e D data A fed
to the media drive unit 2, the systemcontroller 9 causes the nmedia drive
unit 2 to Wrieck end FBd ¢réska A to the disc 90 under control of the
FAT- based managenent schene of 106 the disc drive unit 1. That is, the
audi o data A are Whentehetdibbheidi $0a88d¢onhecuignallyrenorddhgnents of four
. recording blocks (64 kilobytes X 4) based on the FAT systemof the disc
drive unit bitmapt infolrmatddion \We treadpErani drsorddeardiirke t3adis sanpl et e,
t here occur exchanges of data, status information, and comrands between the

personal celpaedr ih80 &he wiaemodySC Hye¥e Hink dath keepwRdtwehhagegui table
protocol. The exchanges are perfornmed to control the data transfer rate in

such a manger at kabor@ingeb1Reds, ! koW RYFrruRdRIHdiNy Wildn0C W -drudie Cl uster
buffer 4. In addition to the wite request command nenti oned

bitmap entry is updated in the memory. When the disc is
ejected, therﬁpdated signal recording bitmap is read from
the memory and written to the signal recording bitmap
track on the disc.

Fig. 26 is a flowchart of steps for reading
inférmation from the siénai recording bitmap track. In
step S61 of Fig. 26, with the disc loaded, information is
read from the signal recording bitmép track-ofvthe disc.
In step S62, the information read from the signal
recording bitmap track is w:itten to the memory and
turned into a signal recording bitmap.

Fig. 27 is a flowchart of steps for writing the
signal recording bitmap back to the signal recording
bitmap track on the disc. In the memory, the signal
fecording bitmap is updated every time data ére written
anew to any recording block.

In step S71 of Fig. 27, when the disc is ejected,

the updated signal recording bitmap is read from the
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above, an erase request command nmay be utilized by the personal conputer
100. The erase request comuand is used to request the disc drive unit 1 to
erase audio data fromthe disc 90 | oaded in the unit 1. For exanple, when

t he personal conputer 100 is connected to the disc drive unit 1 and the
disc 90 is loaded in the unit 1, the utility software reads the track index
file fromthe disc 90. The retrieved data are transferred fromthe disc
drive unit 1 to the personal conputer 100. Based on the received data, the
personal conputer 100 may illustratively display atitle list of the audio
data held on the disc 90. 107 Suppose that the user at the personal
conput er lo@emamis Thesdeppbagedthet bpdbitstl andnpdr frexcwsrdimoofdtadapon to
erase certain audio data (called the audio data B hereunder). In that case,
i nf or mat i orthoes irgratiieved his anditradntto BHeo digreihsestdrdingnsithigd to the
disc drive unit 1 together with an erase request command. G ven the erase
request comyak drherHd igHive unit 1 under its own control erases the
audio data B fromthe.disc 90 as requested. Because audi o data-erasure is

executed by the diiacidii YaivRhl AcHRder ch@NELGbrahtils W FAL Daafem it
is possible to erase audio data from say, a huge file conbining a

plural ity o o diatanild o5 AP RISl POV AL, | Sharense 9dd 05

39A and 39B. 9. Restrictions on o data fr ISC r

CLoaer | sl SN THEORIE AN holle WP Ahd SELAK] L8 S apag LT oo

est abl i shi ng approprldte restrictions on rcopying T eﬁa%torage
el SR R s S EE
data write operations, are each updated to "1.” This
information in’thé signal recording bitmap ié written
back to.the gignal recording bitmap track on the disc.
Next time the disc is loaded for use, the information is
read from,the signal recording bitmap track and turﬁed
into 'a signal recording bitﬁap in the memory. These steps
make it possible to genérate the‘signal recording bitmap
~without recourse to the FAT information.

Described below with reference to Fig. 17 is a
typical structure of the media drive unit 2 capable of
writing and reading data to and from both the data tracks
and the audio tracks of the disc.

As illustréted in Fig. 17, the media drive unit 2
has a turntable that may accommodate three kinds of
discs: a current MD system disc, a next-generation MD1

disc, and a next-generation MD2 disc. The disc 90 placed

on the turntable is rotated by a spindle motor 29 on a
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personal conputer 100 for recording illustratively onto the HDD in the PC.
It is assuned here that the disc 90 has been 108 formatted by either the
next - generati on MD1 system or the next-generation MD2 system It is also
assunmed that the operations such as check-in and check-out, to be di scussed
bel ow, are perforned under control of the above-nentioned utility software
carried by the personal conputer 100. Audio data 200 retai ned on the disc
.90 are first noved to the personal conputer 100 as shown in Fig. 53A. The
"nmove" operation represents a series -of actions including the copying of
the target audio data 200 to the personal conputer 100 and erasure of the
audi o dat aCly¥ daedisi.onForom whéter pyi mehdsbpeagé imedionmthie. eiscdiod; 90) .
That is, the nove operation involves deleting the target data fromtheir
sour ce | ocani optdwdlntheady Iihendatsa a dadet tbaww otess ittad idisc A check- out
is defined here as the operation of copying data,fromone storage nediumto
anot her, wstulrface.ghtful copy count (i.e., the nunber of tinmes source data
are allowed to be copied legitinmately) decremented by one for the data in
question. A checkrbp tRed@tipedopsrhiecaperaki eptelalr viaky 18hecked- out
data fromthe check out destination, with the rightful copy count for the
checked- oubyebiu@tisnal 1333 RN ong.qnMsh | 200 are
noved to the %grgsonal 109 conput ngqf(l%,l ?ﬁeg datada}ﬁg %éé%%&?tgzé%di 0 data

200’ - ‘ - ; 100
s T atal e e e

for recording theréto, e audi o sc 90.
The persong5e§gqaghgrthe optical head 19 outputs a laser beam at a

relative low level sufficient to detect data from the
reflected light based‘on the magnetic Kerr effeét. In
order to implement these capabilities; the optical head
£9 incorporates a laser diode gs laser outputting means,
an optical system made up of a polarization beam splitter
and an objective lens, and a detector arrahgement for
detecting the reflécted light, ﬁot shown. The objective
lens in the optical head 19 is held illustratively by a
dual axis mechanism in both‘radially and perpendicuiarly
displaceable relation with the disc surface.

A magnetic'head 18 is positioned in symmetrically
opposite rélation'to the optical head 19 across the disc
90. The magnetic head 18 applies to the disc 90 a
magnetic field so modulated as to represent write data.
Although not showh,'there are a sled motor and a sled
mechanism for moving the optical head 19 in its entirety

and the magnetic head 18 in the radial direction of the

67



| 00 then sets an all owable (or sone predeterm ned) check out (CO count 201
for the noved audi o data 200" as shown in Fig. 53B. In this exanple, the

al | owabl e check-out count is set for "3" as indicated by three filled-in
circles in the figure. The audio data 200" are allowed to be checked out
fromthe personal conputer 100 to an external storage nedium as nmany tines
as the all owabl e check-out count thus established. If the checked-out audio
data 200 remai ned erased fromthe original disc 90, it would be
‘inconvenient for the user. The possible inconvenience is redressed when the
audi o data 200" checked out to the personal conputer 100 are witten back
to the disdi®®. Wien the audio data 200" are witten back to the original
disc 90 fromthe personal conputer 100, the allowabl e check-out count is

decrenented by omghe dptikal Neab N inhdridhidHeadt 18 hegePotata the
audi o data 200" held in the personal conputer 100 can still be checked out

ri ghtful l yphnseedaivleh sgieticnpieDe RoageatibANpLBEeBy £80£cpm @ resul t,
t he audi o data 200" are 110 copied fromthe personal conputer 100 to the

disc 90 angibehgdbensr o 2sh o U3t R00 e ThgeALLQUOBLeyphoBk st coun:

201 i s managed by use of the cOpyright manage ormation contained in

the track S?ﬁépE8E§ehe MBE gl Il rH%Ji&%g%ﬁé?%rg?:é??@f?ﬁgﬂn}3é§égl,e

Because eacC rack 1s assigned Its own track T ) al'l owa .

i o e TP S L Iy MR PR -
L Attt g e g a Rk AT
the. moved aud o G RGP ¢itks DALY TARLED ShrBroeaRbiger 100

utilizes the copied track,descriptor i.n managi ng the ,audi o data
: processing section, a reproduction processing section,

‘and a servo section in addition to the
recording/reproducing head sectioq made up of.ﬁhe optical
head 19 and magnetic head 18, and the disc roﬁation drive
section formed by the séindle motor 29.

One' of three kinds of discs 90 may be loaded: the
current MD system disc, the next-generation MDl.diéc, or
the next-generation MD2 disc. Linear velocity varies with
the disc type. The spindle motor 29 is capable of
rotating each loaded disc 90 at a speed compatible with
the disc type in question. That is, the disc 90 placed on
the turﬁtablé is rotated at a linear velocity
corresponding to one of the three usable disc tyﬁes above.

The recording processing section includes two
portions: one‘adopting ACIRC for error correction and EFM

for data modulation in order to write error-corrected
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noved fromthe disc 90. Wien the noved audi o data are recorded to, say, the
HDD of the personal conmputer 100, a predeterm ned all owabl e check-out count
201 ("3" in this exanple) is set to the copyright nmanagenent information in
the track descriptor. In addition to the all owabl e check-out count, the
copyright managenent information includes an equipnent |D for ‘identifying

t he check-out source device and a content 111 ID for identifying the.
checked-out content (i.e., audio data). In the setup of Fig. 53C, the

equi pnent 1D of the copy destination device is verified based on the

equi pnment I D in the copyright managenent information corresponding to the
audi o dat agaulatedPideta !t BRRI1S0WHRATRRAL olnDt;h% %&wyﬁ@ymgem?
information does not match the equipnent I'D of the copy desti'nation device,
copying i s 4 p ' d K-.Quty spf f, Ei.gs.. 53A t hrough
53C, the a& %%'d§%§!%e%dogkgfagﬁﬁﬁg%&bggg}égéggigﬁgiEﬁﬁ%Iﬁgfgﬁhal conput er

. 100 and th L b t he disc 9Q. The procedure appears conplicated
fromthe uggﬁﬂéh%%g%ﬁb?% ana codd Eg%ﬁngSP9e ?ﬁ%qa mé%fe of tinme because

of the ti invol.ved d n readi ng {he.audio data _from.,the disc 90 and
writing tﬂgéggiggégpafﬁgcéaig Fﬁgugﬁ§&°§0§°F&Ftﬁé?ﬁﬁ?&? tHEWser woul d find
it aberrant'fo&ﬁkh audi 9 data to be erased, even tenporarily, fromthe

di sc 90. SGCHT ﬁgrﬁﬁ ated, (@gitde & ony kPﬁﬁFﬁ@%@@ﬁ@tdF“EH@%aEBVe st eps
upon a check-out of audio data fromthe disc 90, so that the outcone in
Fig. 53C | ¥DPeS¥REE™ AifSre sinplified fashion. Explained below is one such
sinplified procedure executed in response to a single command fromthe
user, such as "ChEeR bepraddrbidantarecessingnsdciikonr dnrcindedi sw090. " (1)
The target audio data are copied fromthe disc 90 to the HDD of the
personal cBeptiensiooneandopidngudiFy dera deseodeewdon athiendisstd 90 are
erased by disabling part of the nmanagenent data about .the audio data in
questi on. BEIRExfppl errarl icokrrectdomatino repredutiiNen datek di-dno ttHee track
descriptor corresponding to the audio data is erased fromthe play order
tabl e, andcarkenk Mbf eystemodiistemaBdNEhel otked tporttHer nack iddsey i pt or
corresponding to the audio data is deleted fromthe programmed fil e order
tabl e. Al tehsaliVebgmoting atiank bagsd opt dasat dereeitieh e@rirgpRroding to the
‘audi o data in question may bée erased. This step renders the audio data

unusabl e opatrbealli sesPOnsal beheievand e eadla delcd@itke niitifoddEdr0 the
personal conputer 100. (2) Wen the audio data are copied to the personal

conput er 188thnrepeBd(t} idBo¥eont Reet h@%lé-%%%%&ial%ti@ns MEAr IRSR@di ng to the
audi o data are also copied to the HDD of the PC 100. (3) The personal

conmput er 180gtemOKEsca predeterm ned al |l owabl e check-out count (e. g.,
three tines) to the copyright managenent information in the track

descriptors Correﬁﬁé”%@ﬁ%b&&b%f@haﬂgieegéiﬁgcggéégoﬁifﬁatngved) fromthe

disc 90. .113 (4) Based on the track descriptors cople romthe disc 90,

the.person?ﬁc%ﬂaggtQr889@ﬁ%ﬁg%EEeﬁe@oagﬂbeﬂbIstg%E%ﬁiﬁﬁﬂgkfg to the moved
audi o data. This content IS -
addresses used by the current MD system or by the next-
generation MD1 system, and a portion for decoding the
ADIP signal adopted by the next-generation MD2 system.
Laser emission from the optical head 19 onto the
disc 90 produces a reflected light beam representative of
information detected from the disc. The detected

information, i.e., a photoelectric current obtained by a

photo detector detecting the reflected laser beam, is
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recorded as indicative of the audio data that may be checked in
s~xbsequently. (5) The personal conputer 100 then decrenents by one the

al | owabl e check-out count recorded in step (3) above to the copyright
managenent information in the track descriptors corresponding to the noved
audi o data. In this exanple, the all owable check-out count is now reduced
to "2" (=3 - 1) . (6) On the disc drive unit 1, not shown, in which the
disc 90 is | oaded, the track descriptors corresponding to the noved audio
data are enabled. This is acconplished illustratively by restoring or
reconstituting the link information itens TINFn and PINFn erased in step
(1) above. séhgr ed la RFacmplddsdrdmptaar.s t hensel ves corresponding to the
audi o data were erased earlier, these track descriptors are reconstituted.

_Alternatively, theheorresppndifigrt backybgsetisPtaes qerkdRed ransferred from
t he personal conputer 100 to the disc drive unit 1 for recording onto the

di sc 90, 'Cabiebuihedin RS feble IO kB ONS, SRUTUSIES the entire

check-out procedure. The steps permt copying 114 sired audi o data

fromthe diede@ddiod NenRAisaale PR kG 30 d S ARALL I, e USer

redundant chores and ‘ensuring copyright protection 1o data in

question BRGS HARORARAIA LRl L0 ghore dre ool ed

user opera&%%%&d&%ég:ﬂ%(@Qgﬁ%fﬁﬂé f%acking error signal TE, a focus
error signal FE, and groove information (ADIP infbrmation
recorded as track wobblés on the disc 90).

When data.ére reproduced from the current MD system
disc, the reproduced RF signal obtained by the RF
amplifier 21 is processed by an EFM demodulation uﬁit 24
and an ACIRC decoder 25. More specifically, the EFM
demddulation unit 24 binarizes the reproduced RF signal
into an EFM sighal train before submitting it to EFM
demodulation. The demodulated signal is subjected to
error correction énd de-interleave processing by the
ACIRC decoder 25. At this poiﬁt, ATRAC-compressed data
are obtained.

Upon data reproduction from the current MD system
disc, a selector 26 is set to contact B. In that setting,
the selector 26 allows the demodulated ATRAC-compressed
data to be output as the reproduced data from the disc 90.

When data are reproduced from the next-generation

MD1 or MD2 disc, the reproduéed RF signal obtained by the
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Checked-out audio data are checked in as follows: the personal conputer 100
first searches for the desired data from anong the audi o data recorded
therein, as well as for control information such as copyright managenent
information in the corresponding track descriptors. Wth the audi o data and
the control information found and ascertained, the target data are checked
in accordingly. 10. Coexistence of the next-generation MDL systemw th.the
current MD system The next-generation MDL system can use the sane disc
adopted by the current MD system even thought the disc format of the
next-generation MD1 systemdiffers significantly fromthe disc format: of
the currenRFMBmpYSiEaRr Phi 9snee@ssid aneRINAKI-MY M3 RAGRIENE S drhain | | keep
the user fromgetting confused when using either of 115 the two disc
formats onzbhenga@® Risse.pdf ideRodirt 2b., FM8redSdpkeisisaheat b veheWhe
portraying conceptual ly how t he next-generation MD1 systém and the current
MD system kSt pin &l IS C it Qﬁa j oIl ynig, 1

conpl i es Wigfg rggﬁﬁbgl S:Ft asll_@glr?g"a%g%glg\ﬁ o(lril'm;’t)spjfzc (gir t dgilzdﬁt %{)ﬂ \s.{lﬁbltle;lztzt o be

i nput and VL (eTA A j i l,, n —generafj.on NMD1
system 70 P%&E%.’“s??\éggt éﬁg{ég@g&\?\:&t glr}l&rrjé)?l@)f %?)%ﬁt’hg‘2 ’sie‘gtr[;/{al‘fJ Qrb@}i P;é ‘olr’ed'et' er m ned
nmet hod, ge n C tion it 42 to encrypt the sj.gnal using, key
informati o%%flg' aglraidbfylgggs %t Lﬁ%c ﬁléﬁgptgé)d S graE 8 ?ﬁé@o‘rﬂi rf'gqqq’eteproduct ion
unit 73. I1f_an_anal og _audio signal is_supplied, the MD1 system 70 gets an
A D conver%ﬁ?}nnSF 5%8%8,“?8%Cg9%?r tﬂﬁesaﬁﬂaguﬁﬁFboﬁ HPQ¥t§P audi o data
signal, detects ermark framthe audi o data_signal, encrypts the

si gnal , anaugéﬁﬁgsrﬁi‘ee%‘!yﬂ‘e’] s‘?‘b‘fﬁalt’f%l? hEorBE'B'g&i'Hé/ GiG® -uni t
73. The recgrdin /reproduction unit 73 subjects the encrypted audio data to
ATRAC conpre€sPERogH Ay datRe 288mbres $okheo &t LRk idedngar #% hvert ed
to 1-7pp nodul ation format together with the key information 74 before
getting reBBFREJCPETERE 1ONs Anglp dendntepdmavel Progessdms-mar k det ected from
t he i nput audio signal contains illustratively copy guard information, then
t he recording/ rep¥ReRicdaba veprodachignbéromhibet paxtigenefrationaMbi ng out
any wite operation accordingly. For audio data reproduction, both the
audi o dat acanMDP2hdisor r Ebposeilegtioey 2i6nfier weti dio Pbrareetr @dad ffhem t he di sc
90 by the recording/reproduction unit 73. The data are decrypted by a
decrypti onsehectds @§i ng thetkepticihgr edflioors The deatoshyl scedl gidtal audi o
signal is acquired. The digital audio signal thus obtained is converted to
an anal og tadbe sugpak by ahb Aecpopdeckd datat fylvmwthe @rieufquut .
Alternatively, the digital audio signal may be output unconverted w thout
the intervention The ttweadkfngoavest esighaVarer AAAK FaBMsakseoke sdghaat ed
fromthe audio signal being reproduced fromthe disc 90. If the detected

wat er mar k FE fuedgeghtorFnampde feepy 20uaie iseh®r Bt i:0RkertRe circuit
recordi ng/reproduction unit 73 nmay be inhibited fromcarrying out audio

data reprogipuct iTHe aeessw N Forhdt ok UEFERT MDD R¥ShaPL{Eigk Bh0ig54, a
digital audio signal is furnished with generation nmanhagenent i nformation by

SCVB ( Ser i 8lipSppyaMeBagAMRAE pSyeheal1RelaHe WBgknNgf orwarded to a
recordi ng/ reproduction unit 76. An analog audio signal, if supplied, is

converted (o di giial b O3l b Ao AL CORY LRy ¢0OLnSh oM haior e

being fed to the rec /'reproduction unrt anal'og audio signal is
hot furnlnggowgtbnggpﬁgégbgnto.a band-pass filter to extract the

wobble components, before effecting FM demodulation and
biphase demodulation to demodulate the ADIP signal. The
demodulated ADIP signal is fed to address decoders 32 and
33.

On the current MD systém disc or next-generation
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117 managenent information by SCMS. The recordi ng/ reproduction unit 76
submts the received audi o data to ATRAC conpression encodi ng. The

conpr essi on-coded audi o data are converted to EFM format before being
witten to the disc 90, not shown. For audio data reproduction, the desired
audio data are read as a digital audio signal fromthe disc 90 by the
recording/ reproduction unit 76. The digital audio signal is converted to an
anal og audi o signal by the D/A.converter, not shown, for output.

Al ternatively, the digital audio signal may be output unconverted w thout
the intervention of the D/A converter. In the above-described disc drive
unit 1 in WBlcklisleg rdvet APITerssidtar Miinkeys tismedght hel tair Ty, My syst em
coexist, a switch 50 is provided to switch explicitly between the operation

nodes of t lsbokino iMDFIYSt @s. ohntRar hikktlgenerheisw MDR Qdcs wsed _
effectively when audio data are to be recorded to the disc 90. Fig. 55 is

an ext er nalcovit@wsef, &HOMMM damRy: Husbell i1 it H-ltsT%rgj Sgg drive unit
1lis eqU|pped with a hinge, which is located in the rear hi dden in Fig.

- 55. Sliding1ams?reltiederipdiq) | aws arhkdagdraseun kg ng open
away from a bogy 55. AldlséQQU|de appea?s Fn t eg8%5%5ﬂ85t§$%ﬁﬁﬁﬁﬁmuch to

h de and
hec 1 d 54 1S BRte, “HhER ek Erogt st he ) WHLAF 7% Q?.%é’e' anit 1.
Wih the dianedd s moAadad. t%ﬂ' St 8k druemt Jedbt eor”% %reﬁgi o

|nfornat|o on1the ead-1n drea’"an dISC
| ack 53 SCENES AR 7020 AUl At gl %%u%%aél%nmp&baﬁ aflg, user my pl ug

The ADIP address decoded by the address decoder 32
or 33 is sent to a drive controller 31. Given the ADIP
address, the drive cohtroller 31 carries out necessary
control processing. The groove information from the RF
‘amplifier 21 is also fed to the servo circuit 27 for
_spindle servo control.

The servo circuit 27 integrates phase differences
between the recéived groove information and a reproduced
clock signal (PLL clock signal in effect upon decoding)

;o obtain an error signal. Based on the error signal thﬁs
acquired, the servo circuit 27 generates a spindle error
signal for CLV or CAV servo contfol.

The servo circuit 27 generates various servo
control signals (e.g., tracking control signal, focus
control signal, sled control signal, and spindie control

signal) based on the spindle erroxr signal, on the

tracking error - signal and focus error  signal from the RF

~
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means such as headphones into the/phone jack 53 to enjoy the sound of audi o
data reproduced fromthe disc 90. Al though not shown in Fig. 55, the disc
drive unit 1 is also provided with various keys for control purposes: keys
for designating disc operations such as play, record, stop, pause, fast
forward, and rewi nd; keys for editing the audio data and other information
‘held on the disc 90; and keys for inputting commands and data into the. disc
drive unit 1. These keys are located illustratively on the body 55. The
above-nentioned switch 50 is attached illustratively to the lid 54 of the
disc drive unit 1. As shown in Fig. 55, the switch 50 is nmade fairly large
in size an@rpagtied SaNSRIXCWRHY %rta%katth%CTcotnﬂ%.déﬁ%rﬁcf A teudan. On the
disc drive unit 1 in Fig 55 the switch 50 is shown switchable either to . -
WMD" Tor thenRREAlE EE dfi e oitinc11le, VB 1Y ShRR 868 SHRTREENERATI ON
MD' 119 . for the operation node of the next-generation 1 system The lid
54 is also i_Ape it i_Shl ni . e di HQJ i spl ays
vari ous’ opes'?L I g% ‘gtha segeg}e%%%cf;i}ésx’é E’tltgéltu-rll:'ﬁ al"aflo%(?q%/r ac Jelzﬁgzoérj'nati on
fromthe disc 90 | oaded i.n.the.unit .1. The di.spl unit 51 al.so gives
onscreen i &r(?atspt?ﬁg%?lﬁag‘gﬁi’u 88 &8N ﬁltrﬁéu}‘pé"%tsi“gﬁer%d"e by use of
the switch 50. Descri bed belom/mhih reference to the flowhart of Fig. 56
i s how t he S6FYE GFEPE GHIRAL & ARG QTYPaRGk £ WRICH RYRASTIRF 13R di sc 90.

The steps in Fig. 56 apply when g so-called virgin disc (unused disc) is to
be for mat t 425en CORPMSA Yo FadFoPLOCPG A6 208 GRkEFHHt W Ust em

setting in order to generate the diverse servo control

signals.

The motor driver 28 generates servo drive signéls
based on the servo control signals fed from the servo
circuit 27. . Thevservo drive signals generated by the
motor driver 28 are made up of dual axis drive gignals
for driving the dual axis mechanism (two signals for
driving in focusing and tracking direqtions), a sled
motor drive signai for driving the sled mechanism, and a
spindle motor drive signal for driving the spindle motor
29. These servo drive signals provide focus and tracking
control on the disc 90 and CLV 6r CAV control over the
spindle motor 29.

When audio data are to be recorded to the current
MD system disc, a selector 16 is set to contact B. The
éelector setting allows the ACIRC encbder 14 and EFM

modulation unit 15 to function. In this setup, the

compressed data coming from the audio processing unit 10
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disc 90 is loaded into the disc drive unit 1. Wth the disc 90 | oaded, step
S201 is reached in which information is read first fromthe |ead-in area
and then fromthe U TOC area on the disc 90. In step S202, a check is nade
to see whether the operation node of the disc drive unit 1 is set by the
switch 50 for the current MD systemor for the next generation MDL system
If in step S202 the operation node is judged set for the current MD system
step S203 is reached. In step S203, the | oaded disc 90 is judged usabl-e as -
a current MD systemdisc with no need for further formatting, which is
characteristic of the 120 current MD system The display unit 51 then

gi ves an oRrse eribjidtdiedidd L IRGVA Frddes ikt aHY isripb! ank disc. If in
step S202 the operation node of the disc drive unit 1 is judged set for the

next - gener idr@ie Vbrs d@fg et %I%%O%ﬂc%&e’%‘cﬁ.@.d- g‘h‘% %P%%u%zg% the
S i'sc fo

di splay unit 51 indicates that the disc 90 1s a blank a period of,

Say, Sever dheSeeands SRiRS 1R SR 1% JRPGS G i aééﬁiﬂ,%g%n step

S205, the display unit 51 is nm I splay a ness user

whet her' or .pat g R qggfqﬁﬂhﬁﬁy ting of the disc 90. If the user gives
at e

an instruction specifying t I'sc 90 is to be formatted, step S206 is
reached. Illustratjve the instrugtion_ i s entered into the disc drive
unit 1 by the usgihSpg¥%fWﬁ§ugagﬁPtgﬁka REY %ﬁdthg BoJ\IBs i dnit 1.
In step 82%?“ t he @i %ﬁgri e6ﬁpit sybmits the disc 90 to a formatting
process of ﬁgeﬁé%t-é S Vbl dmliGr t hBenRagetdesbeaded 8earl i er
wth referencg,to t he %Gﬁ hart of Fig. 18. Wile the disc 90 is being
for mat t ed, 2PRe1§Ss FPafrIgnidL 551 S Sumpanedtisr fistd iarrasentat ¥ i t i ng
process is in g&ggress. Wth the formatting process conpleted ~in step
- S206, stept8o mpsiplatedy dad@, whenedy $hey datime ansIRitten tt®1 is nade
to give a nessage saijng that the | oaded disc 90 is a bl ank next-generation
MDL di sc. PRAip $ragks2on the ¢8@&c §0ves an instruction that the disc 90 is
not to be formatted, step S205 is followed by step S208. In step S208, the
display unit 51 gWhes awndiadfahei aneptonbei ngebhdedsép thesaexthe switch 50
for the operation node of the current MD systemin the disc

generation MD1 or MD2 disc, the selector 16 is set to

contact A. That setting allows an RS-LDC encoder 12 -and

an RLL(1-7)PP modulation unit 13 té function. 1In this

setup, high-density data coming from the memory transfer

controller 3 are subjected to interleave processing and

RS-LDC-based error correction'coding by the RS-LDC

encoder 12. The output of the RS-LDC encoder 12 is

submitted to RLL(1-7) modulation by the RLIL(1-7)PP

modulation unit 13.

The write data in the form of an RLL(1-7) code
train are fed to the magnetic head driver 17 through the
"selector 16. The magnetic head 18 app1ies to the disc 90

a magnetic field representative of the modulated data,

whereby the data are written to audio tracks on the disc
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drive unit 1. In step S209, a check:is made, upon el apse of a predeterm ned
period of time, to see whether the setting of the switch 50 stays unchanged
despite the indication on the display unit 51. If the setting of the switch
50 is judged unchanged in step S209, a tine-out is recognized and control -
is returned to step S205. Fig. 57 is another flowhart of steps carried out
by the disc drive unit 1 in formatting a virgin disc 90 |oaded therein. In
step S300 of Fig. 57, a blank (unused) disc 90 is |loaded into the disc ,
drive unit 1. In step S301, information is read first fromthe lead-in area
and then fromthe U TOC area of the disc 90. In step S302, based on the
U-TOC i nf oggati on thus acquired, the display unit 51 is nmade to give an
indication that the | oaded disc 90 is a blank disc. In step S303, the
record key (not s e 12 LSC j Lt LS~ d ta
instruct that datgﬂﬁ?%u?goég ?%c%r%%gé?od?%ggg(ggbgaai%gtggggggg'd%Pve uni t
1. The rec ing,instructi gn be qi.yen to the.disc driyve it 1 not only
by operat i g%ﬂgg Fh% trlg%%rrd l@?‘%ftot ﬁgu nit rlfsﬁﬂft bgallh IS &RE the

per sonal cogg ter 100.§onnecte .to the g%%c deive ynit 1. Wth the

recordi ng Frgtr AR A 15y ERSES AR SRS IFFCFabES @PPYST %D t303, step
- S304 is rea%ged. I n Stiﬂ 3504, 3 check i s made to see whet her  the operation
mode of th8LHPSE 8Pr¢alafrctt AFG JANSOMRichdaskitt BRWSE antRd) -
next -generation MDL systemor for the current MD system If in step S304
the operation nodel®rouel BPEcSRPYRe andetecter| fiagemonitorangt k&ecurrent
MD system _then step S306 is reached. In step S306, a recording process of
t he current2fPrspowem levelaired neprReadiesc 190 thef optistadp 8B e
operation node of the disc . drive unit 1 is judged set for the
next - gener &t MERLiNDE sygned Byomhéhenwidetkcsor dsefe@B3tBidks teeddteed. In step
S305, the disc 90 is formatted by the next-generation M1 '
laser driver/APC 20. The laser driver/APC 20 compares the
current laser power 1evei acquired as the monitor signal
with an established laser power level to find an error
difference. By getting that error differénce reflected in
the laser drive signal, the laser driver 20 keeps the
1aser power from the laser diode stabilized at the
established level.
Two laser power levels, i.e., a read laser power
level and a write laser power level, are set by the drive
controller 31 to registers inside the laser driver/APC 20.
Under control of the system controller 9, the drive
controller 31 sees to it that the controlled operations
described above (access, servo operations, data write
operation, and data read operation) are properly carried

out.

In Fig. 17, portions A and B enclosed by dashed
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systemin the manner described earlier with reference to Fig. 18. Step S305
is followed by step S306 in which a recording process of the
next-generation MD1 systemis started on the formatted di sc 90. Descri bed -
below with reference to the flowhart of 123 Fig. 58 is how the disc
drive unit 1 typically works when recording audio data to the disc 90. The
processi ng vari es dependi ng on whet her the operation node of the disc drive
unit 1 matches the type of the disc 90, i.e., whether the disc 90 has been
formatted by the next generation MD1 system In the first step S210 of Fig.
58, the disc 90 is loaded into the disc drive unit 1. Wth the disc 90

| oaded, sta@pn82alialys enedc bed inplefietit ddnfaer mRidipiylies- dieigsd diratid romthe

| ead-in area and then fromthe U TCC area of the disc 90. Based on the

U- TCC i nf oparti.on thus retrieved, a check is made in step S212 to determ ne
. whet her the | oaded disc 90 has the format of the next-generation MDL system
or the format of t.he current MD system The check is nade illustratively on
~the basis of whether FAT data have been-retrieved fromthe U TOC area.

Alternatively, rhbie; ceekeaBY b fektlGdnaukebasCHnanathielber qalgst track

start location infornmation Is nd i area. In Step 513, the

di splay unit 51 i 5, Bdent pubnALERLELhDE i sh fKRCadBLeLp et Destep S212

In step S214, the's us o I'SC s displayed o e di splay

U 2T RIS Bl IR b T U S I e
addition to the FAT for security management purpoées as
mentioned earlier. On each next-generation MD1l or MD2
aisc, in principle, the UID is recorded to a
predetermined location such as in the lead-in area before
the disc is shipped from the factory. Alternatively, the
UID may be written elsewhere on the disc. As long as the
.UID'is written to a fixed location after disc
initialization, the UID may be reéorded to ﬁhat location
beforehand.

The next-generation MD1l system utilizes the same
disc as that of the current MD system. That means a huge
numberlof current MD system discs already marketed with
no UID recorded on any of them are to be used by the
next-generation MD1l system.

New standards have thus been established to
allocate a specifically pfotected area on each of these

numerous current MD system discs that may be utilized by

the next-generation MD1 systém. Upon initialization of
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i ndi cates whether the | oaded disc 90 is a blank disc: If the disc 90 is not
a blank disc, the disc nane and track nanme information are displayed. I'n
step S215, the rotation of the disc 90 is stopped. In step S216, a check is
made to see if the disc type deternmined in step S212 natches the operation
node of the disc drive unit 1 set by the - switch 50. In case of a match

step S217 is reached. More specifically, step S217 is beached in one of two
cases: where the switch 50 is judged set for the operation node of the
current MD system and the | oaded disc 90 turns out to be a current M
system di sc on the one hand; and where the switch 50 is judged set for the

operation mude off dHeneNiisgenalias idindVdrisysthemund vihidoadethitise 90 is
found to have the fornmat of the next generation MDL system on the other

hand. In stempbdd bigalla tRLke pracdad tad faphasiices fromnihedisc 90.

It is also possible to edit information in the U TOC area on the disc 90.

At this poigMe ieRend] Ryt idif, dglﬁge'yﬁéwdgEShﬁia%%,i gﬁs%txpso azel2, the

systemcontrol ler 9 causes the ne rive unit 2 to select using the

sel ector 2 %i%@e@rﬁ'ﬁﬁ%ﬁiﬁ%ec%%@léﬁté}éb%]e r’ﬁ%ﬁ'tﬁ{d;:%% system

for the disc type in e kKes it 1 possible to swtch'the

denodul at i f gr.nat.s 0 ' I et t he next-generation MDDl system

“and the cu??ghﬁj%ﬁﬁgvgﬁ%ﬁﬁ%%#ﬁgﬁd¥§&§g¥§%2gﬁgﬁﬁuc|(ﬁ%y %3?}Y%P§?%tens are

aIso-smﬁthg%}in l.i ke manner _bet ween thg next-ggneration MDL s steq&and t he
urer c e, coaQae,

current MD st EbeT of Tarpfac , an equipmernt

an equipment serial number, and a randém number. It is
also possible ﬁo combine at least one of the manufacturer
code, equipment code, and equipment serial number, with a
random number for use as the UID.

Fig: 18 is a fléwchart of steps for initializing a
next;géneration MD1 disc. In the first step 8100 of Fig.
18, a predetermined location on the disc is accessed to
determine whether a UID is recorded there. If a UID is
judged as being recorded, the UID is read and placed
'temporarily into, say,. the auxiliary meﬁory 5.

The location to be accessed in step S100 is an area
outside the FAT area in the next-generation MD1 system
format, such as the lead-in area; If the disc 90 in
question was initialized in the past and is already
fﬁrnished with a DDT area, that area may be accessed
instead. Step S100 may be skipped where appropriate.

In step SlOl,.datalare'recorded to the U-TOC area

in an EFM modulation process: Written at this point to
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system controller 9 based on the disc type in effect. It hight'happen in
step S216 that the disc type determned in step S212 does not match the

‘operation node of the disc drive unit 1 set by the switch 50. In that case,

step S216 is followed by step S219. Mre specifically, step S219 is reached
in one of two cases: where the switch 50-is judged set for the operation
node of the current MD system and the | oaded disc 90 turns out to have.the
format of the next generation MDL system on the one hand; and where the
switch 50 is judged set for the operation node of the next-generation M1
system and the | oaded disc 90 is found to have the format of the current NMD

system on the othec HandnfoimEitaRnS3tY s2ehady ltsvdm&%&éb see .

operation is carried out by the user on the disc 90. in step S219 the

user is judge h rf i I audi o
data from tq%eg&}egg g\é%c{%ﬁer?ggrgagl %Jz}ze%p?’;fa%ga&c%#gg fclﬁ.ﬁ.dgﬁ.'fgge %ﬁ%e audi o

data are 1% ey produ%%d fe%mltrp%h(yc%cr?%t@hasafen%or yot e ¥ %L?tlh er. That

even | ISC type oes not matc e operatl on no e disc

d t 1 t t t ded di 90
c;'nvﬁe“r”'eproa%?e b AL et ' 38 BHED gﬁaéneds Al B G °°

f I end he d t t th
Dot em contPoEfEr S4aris caadng rh@ir?vgfé%n@& 16 5% Badde BEFnarene
el ector 26 an appro ate ath conpl th t he nmodul ati on tem
P ooy o G R AR R e Bt Wi 3 DR it oy et pe O VSt

denodul ati on fornats autonatlcall bet ween the next-generation M1 systen1
and the current N@Ps?%?@n?ieﬁlaBd%SDdaﬁarﬁéﬁF@GGcPP§ﬁ1d$héhﬁ F&Tsystens are
al so switched in |like manner between the next-generation MDL system and the
current ND3A¥PSt ECn@ér idokheoPIF anea .sysfehheoRIPorper readadaemon the

~disc typein effect. If in step S219 the user is judged to have perforned

an operat|éﬁStprﬁé@@ﬁam@nﬁéclpqamiqm(ﬁndanhaced into the auxiliary

memory 5 in step S100 above, that UID is recorded here.
- If in step S100 the UID was not judged'as being written
in a predetermined 1ocatioh on the disc or if step 8100
is skipped outright, a UID is generated based on a random
number signal and the generated UID is recorded. The UID
is génerated illustratiQely by the system controller 9.
The geherated'UID ig fed to. the media drive unit 2 wvia
the memory transfer controller 3 before being wriﬁten to
the disc 90.
In s;ep 8105, FAT and other data are written to the
area for data storage in 1-7pp modulation format. In
~other words, the UID is recérdéd outside the FAT area.
For the next-generation MD1l system, as described above,
initialization of the recordable area managed under the

FAT scheme is not mandatory.‘
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the disc 90 or to erase or otherwse edit ("EDIT") recorded audi o data on
the disc 90, then step S218 is reached. In step 5218, a warni nhg nessage
appears on the display unit 51 saying that the type of the disc 90 does not
mat ch t he operation node of the disc drive unit ~. Also displayed is a
message saying that recording is not |27 available if the user has
designated recording, or .that editing is inpossible if the user has .
specified editing. If in step S219 the user attenpts to update the U TCC
area in an editing operation during audi o data reproduction, the display
unit 51 displays two nessages: that the type of the disc 90 does not match

t he operation nodgi@f iyejdisc ' iLel tigditi LS nQt
avai lable at -this é age. %ﬁat FE?&%ﬁgfg %ﬁesﬁégg %§gel§ggghggfhggngly wth' -

t he operati o : i~3C sdrive i _ y L tHCch 50, Nno
: operation,hﬁﬁfgﬁgagg%éaggdﬁpé F%FgfnaF|o%h%egg%agdsgggtﬁghgigg g&?'is
permtted. w_t i I, nged in,its fo t .wll now be described.
On the di S%Bgo,a E?elgse%%ggngpg e&t%%agﬁgﬁlgghteﬁg fo i st“f?é’?‘?eeﬂe-tgoenerati on
MDL system.into the f.o t of the current ystem and vice versa. Fig.
59 is a fl ﬁcﬁgffmgﬁds%’gggrle%’?r‘gvﬁ‘g i R§ F%gmiﬁﬁéi'df’s@rfe&'nﬁr ¢4 he

next - gener b&on MDL1 . ysk§n1to the di,s¢g format of the current MD system on
the disc 9@. | BEF8 A&sGREdIEFe WaRal Pild adwizech 150 the a&dstm ifjvance for

t he operation node of the next-generation MDL system In the first step
S230 of Fi G?CS§?e§h§Odﬁ§Ee§@lp§ whsde8 T At JIPhdedirecardeask thaue 1. I th the

disc 90 | oaded, step S231 is reached in which information is read 128
- .the UID is judged recorded, that UID is read and plated

temporarily in, say, the auxiliary memory 5. Becausé the
UID recording location is fiiedly'determinéd in the
format, it can be accessed directly without referénce’to
any dther managemeﬁt'information on thé disc. This
feature may also be applied to the processing diécussed
above with reference to Fig. 18.

in step 8111, data are recorded to the DDT area in
1-7pp modulation format. In step S112, the UID is
recorded outside the FAT area such as in the ﬁDT area.
The UID recorded at this~point is the UID that was
retrieved from the predetermined location on the disc and
placed into the auxiliary meméry 5 in step S110. If in
step S110 the UID was not judged recorded in the
predetermined location on the disc, then‘a UID is
generated on the basis of a random number signal, and the
generated UID is written. The UID is generated |

illustratively by the system controller 9. The generated
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first fromthe |ead-in area and then fromthe U TOC area of the disc 90. In
step S232, it is recognized that the | oaded disc 90 has been formatted by

t he next-generation MD1 system In step S233, the rotation of the disc 90
is.stopped. In step S234, all data recorded and nmanaged by the FAT system
are erased fromthe disc 90. For exanple; the user perforns an operation to
edit data ("EDIT") recorded.under the FAT managenent schene on the disc 90,
and selects fromanong editing alternatives an operation to erase all data
("ALL ERASE"). It is preferred in step S234 that an indication be given on
the display unit 51 asking the user to confirmhis or her intention to
actual |y evapeialiedata thenmektadidsd v@OunAkt er vahl tthet amehagr ded under the
"FAT managenent schene are erased fromthe disc 90 according to the user's

operation, tghaBf&2320ntroddeied HeFHLbeiRp wii fBssage A% ddsthalp .t he
| oaded di sc has now beconme a bl ank di sc appears on the display unit 51.

Step S235 is fol | pyegeby siep, PR AAaVBEREr! BELHSEYeOPREBLARE! horui teh 50
to set the operation node of the disc drive unit 1 for the current MD

system InU§berS§§§§rhghogg?S§ gokier%%g 5&%ghth§§g'gﬂ§;9§§§ of the | oaded

disc 90. In step t he i's recogni zed isc fornatted
by the nexi_- o) tem_ I n _step.S239, a nessage saying that the
| oaded diséeggggEEFQn&D%E%F%égﬁbrgﬁigﬁsﬁﬁﬁhgéif%%%W%%u%Qﬁ1ﬁ%%%zi sﬁFﬁy uni t
51. An indication_al so.appears on_the displ uni t ski.ng the user

whet her or Ohof B0 EXAEER Do 5 P BB Eh SRR QP TS 5t om
Cancel i ng thﬁafgrna% gf the next-generation MDl system neans sw tching from
the di sc~f BPfraft6FERE next - generation MDL systemto the disc format of the
current MD systemon the | oaded disc 90. If in step S239 the user is judged
to have an operation to cancel the disc format, step S240 is reached. In
step S240, the_format of the next-generation MDL system on the | oaded disc
90 is canclledfi¥st 2%l ePy, thacaudie fAakAaManagensns| 6¥sEEHEsi ng t he FAT
information fromthe T-TOC area ‘as well as the alert track. Alternatively,

t he next-gener at i®d® Mbaceysednabovant thaynputcanveratipy MPasimg NOR t he

FAT information but the :
systems embodying this invention have their data managed

by the FAT system. Audio data to be recorded are
compressed by a predetermined data‘compression method and
encrypted for copyright protection. The audio data
compression method'is illustratively ATRAC3 or ATRACS. It
is also possible to adopt MP3 (MPEGl Audio Layer 3), AAC
(MPEG2 Advanced Audio Coding), or other suitable
compression method. Not only audio daté but also still
image data énd moving image data may be handled. Since
the FAT system is in use, general-purpose data may also
be recorded and reproduced by the ﬁext-generation MD1 and
MD2 systems. Furthermore, computer-readable and
executable instructions may be encoded on the disc so the

MD1 or MD2 may also contain éxecutable files.
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alert track alone. If in step S239 the user is judged to have perfornmed an
operation not to cancel the disc format, step S241 is reached. In step
S241, an indication appears on the display unit 51 pronpting the user to
operate the switch 50 to set the disc drive unit 1 for the operation node
of ~t he next-generation MDL system 130 .In step S242, a check is nmade to
see whether the user carries out the operation to set the disc drive unit 1
for the operation node of the next-generation MDL systemw thin a :
predeterm ned period of tinme. If the relevant operation is judged perforne
wWithin the predetermned tinme period, then step S243 is reached in which

the processing isDE%EE%B@HeQeQB@ &gealgggggmﬁﬁégs§%P%%F5§?ggﬁﬂg %%igge as a

bl ank disc formatte . the next generation in step 42 the

ol oa? o A G okl SOMIhehdd d (iR REF AL SE L ™

period, a tinme-out 1I's recogni ze ontrol Ts Teturne S

Switching f éﬂgi%n%fg{%ﬁﬁé%ﬁgiégg%f%he current MD systemto the disc fornmat

of the next-generation %?ﬁﬁﬂforned as follows: the switch 50 is
first operated to_set thng%sc drive unit .1 for the operation node of the"

current MD syst enFCERY85e iBﬁxﬁégsgﬁFP 4°BuMPLo 28R M2 SyRtEmS @& 90
all audio ta recorded in the format of the current MD system Then the
di sc 90 is%%cﬂ-‘r%{efied"oaﬁéﬁ "lor’?e%r?@h'-%%‘%‘f i DAl tEP% i n t he manner

di scussed earlier with reference to Fig. 18. Wth the above features in
pl ace, the S¥HE&REd PeFdsd o idspartdiare &xe capasnge stumketagehg audi o

data efficiently under control of the FAT systemusing a 131
audio data items to be managed on a single disc. Since

the FAT system is adopted for data management purposes,
better compatibility with computers is ensured. This
feature, however, as recognized by the present inventors,
has its advantages and disadvantages. Whereas the ease of
operation is enhanced on the part of users, audio data
could be.éopied illegally to the detriment df copyright"
lholderé. These characteristics were especially taken into
consideration in the development of the inventive audio
data management system.

Fig. 28 is an explanatory view‘of a first-example
of the audio data management system. As shown in Fig. 28,
the audio data management system in its first-example
setup generates a track index file and an audio data file
on the disc. These are the files managed by the FAT
system.

The audio data file is a file that accommodates a

plurality of audio data items as illustrated in Fig. 29.

81



storage nedi um whose specifications are equivalent to those of the current
MD system While a preferred enbodi nent of the invention has been descri bed
usi ng specific terns, such description is for illustrative purposes only,
and it is to be understood that changes and variations rmay be made w t hout
departing fromthe spirit or scope of the follow ng clains. The present
docunent contains subject matter related to that disclosed in Japanese.

Pat ent Application P2002099277, filed in the Japanese Patent Ofice (JPO
on April 1, 2002; Japanese Patent Application P2002-190812, filed in the
JPO on June 28, 2002; Japanese Patent Application P2002-099294 filed in the
JPO on Apr iWheh vARRZA4 Fapanadre BHTERyAp, cald erudiadP08le filed in the
JPO on June 28, 2002; Japanese Patent Application P2002-099274 filed in the

JPO on Apridppkar#0®d blapaness Rald AR CahkORnB20Q2-F90804 ff':Lll‘;ed in the

JPO on June 28, 2002; Japanese Pat ent Appllcatlon P2002- 099278 f| in the
JPO on Aprijls bivAQRd JaRanens-t2at ey t@%@ aﬁﬁ%t IH?{?‘—’? %Q{’_I June
28, 2002; Japanese Patent I|cat|on 2002- 0992 Qﬁg% In é

April 1, 2Q02%.J 3paness, Appl i cati on P2002-190808 filed in the JPO on

- June 28, 2002; Japanese Patent” Application |32 r P2002- 099296 filed in

t he JPO on Apri l 2 J S ent tion . P2002-190809 filed in
the JPO on June Zéhe 88§°k32§§§§s§1 atéﬁtaﬁggh g%ﬁ dﬁf&5§h5§©272 filed in
t he JPO on 1,.2002; |on P200219 02 f| n the JPO
on Juhe 28vA368 & 15558 ﬁﬁtéﬁ?éﬁﬂﬁ % the JPO

on Apri l c02 02 J pan 3% Pat qg%%| |on P20 2- I90803 flled |n the JPO
on -June 28, -onPP2669WH9a87d16-1 84+in the JPO

on April 1,.20 panese Pat ent Appllcatlon P2002- 190578 filed in the JPO
on June 28F h?ogfacj‘a &%@é‘efpgtee ASSe 4R i n pRIey: cusders tabkel id the JPO

on April 1, 2002; Japanese Pat ent Application P2002-190810 filed in the JPO.
on June 28Programmes,playe oregnitakisl i GagreMEPATEDBRIn fidkke i ra t he JPO
on April 1, 2002; and Japanese Patent Application P2002-190801, filed in
‘the JPO ont¥afk 3gfozgetiorhdadieir e eemtednfomaddcm dfahike, and a
above-identified docunents being incaorporated herein by reference. |33

.CLAI MB: 1.nameepabdeci ng nmet hod conprising the steps of: obtaining a track
information entry corresponding to a predeterm ned track froma play order
tabl e having a plThel plgyobrdeackabhéoindtcahesntheesrdeai oft aadko
information entry pointing to a track descriptor in a track information

t abl e; * obt debEngepreducadlond dedringido byf rdefaulack nef ehowtn dmn (k) .e,315ai d
track descriptor including a decryption key for the predeterm ned track and
a poi nter théopiayi emrdert tublkacon@iaing tiefdradtidesddny arrfgom anong a

plurality of part descriptors in a part information-table; reading the part
descri pt or TINPa(i egca ,pagfdpﬁseiiﬁﬂﬂge BOOOS dE 0t kAcRAHEsRiRERrs (Fig.

34A) corresponding to track numbers (i.e., ﬁusic title

numbers) in the track information table. Track numbers

are illustratively serial numbers starting from "1.”

The programmed play order table contains the order

of audio data reproduction defined by the individual user.

As shown ih Fig. 32, the'proérammed play order table

describee programmed track information items PINF1, PINF2,

etc., representing links to the track descfiptors

corresponding to the track numbers .
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information in said part descriptor that points to the part of the file;
and decrypting said part of said file with said decryption' key. 2. A
reproduci ng nmethod according to claim1l1, wherein: said part pointer
information in said part descriptor includes a start address and an end
address 134 for said part of said file; and said nmethod further
conprising the step of, reading said part of said file based on said start
address and said end address. 3. A reproducing nethod according to claim1
or 2, further conprising the steps of: reading a part~descriptor
corresponding to link information, when said part descriptor has |ink

i nformation pointThg §poapcingeeHhitionPeabléssal Mepictad ireadigrd a part
of said file based on part pointer information in said consecutive part

descri pt or 33ahemds @3B, pAds Haxdd Mot 1 dhkabaior JRsuoR. Pl Hfrdp to a
consecutive part descriptor. 4. A reproducing nethod accordingto any one

of precedi ig CleFifed Y Wt HPIH M Wi tE Qs ﬁ&&ﬁ%&lé‘&rgﬁd track
descriptor based on a file allocation table system 5. A repr-oducing
met hod accer@idhd i O o JUEeHidie W2 HBre WBIALD w57
programmed seriai'track numbers . Specificaliy, the group -
information table is made of group descriptors
representing track groups as shown'in‘Fig. 33A. Each
group descriptor describes a start track number, an end
’ tréck nuﬁber,-a group néme,_and a flag regarding the
gfoup in question as indicated in Fig. 33B.
The track iﬁformation table describes information
about tracks,'i.e., musid titlés as shown in Figs. 34A
and 34B. Specifically, the track information table is
made up of track descriptérs representing tracks (music
titles) ag indicated in Fig.134A. Each track descriptor,
as depicted in Fig. 34B, contains a coding system,
copyright management information, content decryption key
information, pointer information pointing to the part
number'serving as the entry to the music Eitle‘of the
track in question, an artist name, a title name, original
title order information, and recording time information .
about the track in question. The artist name and title

name do not contain actual names but describe pointer

information pointing to relevant entries in the name
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said part pointer information is an offset value froma begi nning of said
file, said offset value being in predeterm ned data units. 6. A reproducing
met hod according to any one of preceding clains, wherein: said part pointer
information is one of a cluster nunber in a file allocation table system
and a physical address of a storage nedium 7. A reproducing nethod
according to any one of preceding clains, wherein: said pointer infornmation
is at |least one of a part descriptor nunber, a cluster nunber in a file
allocation table system and a physical address of a storage nmedium 8. A
reproduci ng net hod according to any one of preceding clains, wherein: said

file is antaudeQ “I'h@c%@n@aEQSHE&th%£H§EHEE Eo%gﬁéggggﬁ%ﬁ ps of

readi ng an indicator of a cddinhg syst In sald tra ptor, and

decryptingS@ﬁ%%epgghwﬁggﬁgggdaéﬁigigkﬁeig%%gqmghg)aid codi ng system and

sai d decryption key. ~reproducing ne ‘according to any one of
preced ng CI ol ™, ghUrbAEE SRFBLLSL IS, DEpaL e gLy 8L LAG.ULQp  renagerent
reproduci ng,3pparatus conprising: f b ORLAILUANG Teans; T or; aPLaining track
.'locations as shown in Figs. 35A and 35B; Specifically, |
the part information table is made up of part descriptors
corresponding to parts as depicted in Fig. 35A. A part is
' representative of one track in its entirety or one of
‘multiple parts constitﬁting a single track. Fig. 35B.
indicates entries of a part descriptor in the.part |
information table. As shown.in'Fig. 35B, each part
descriptor is composed of a start address and an end
address of the pért in question in the audio data file,
and.allink to the next part.
| The addresses used as part number pointer
information, name table pointer information, and audio
file location pointer informatién may each be given in
the form of a file byte offset, a part descriptor number,
a FAT cluster number, or a physical address of a disc
utilized as a storage medium. The file byte offset is a
specific implementation of an offset scheme that may be
implemented according to the present invention, where the

part pointer information is an offset wvalue in

predetermined units (e.qg., bftes, bits, and n-bit blocks)
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I nformati on corresponding to a predetermned track froma play order table
having a plurality of track information entries, said track information
pointing to a track descriptor in a track.information table; second

obtai ning neans for obtaining the track descriptor, said track descri ptor

I ncludi ng a decryption key corresponding to the predeterm ned track and a
pointer information entry that points to a part descri.ptor fromanong a
plurality of part descriptors in a part information table; first reading
nmeans for reading the part. descriptor; second reading neans for reading a
part of a file according to part pointer information in said part

“descriptor frem ¢ adinaing &f itHooramiicofie.nting to the part of the file;
and 137 decrypting means for decrypting with said decryption key said

part of said filerhélnafer €eabndi Ag BEtLRBUeCOFDEekNthakless i@PaRial
searching for at least one of a plurality of free areas on a storage

medi um  saifhnls0r agg gﬁewmmn@&gdl Aga2 thkCnbiidl th18! GethaBecyeding to a

file system generating a track descriptor having a track attrlbute and an

encrypti on iey-a19 SN Man AlA S0 BEH! ALed @io%f'l%“a%gepoﬁ%a in said

storage medium gererating a part descrlptor havi-ng "a I nt'ér

[0 R S, A S AR L
A pointer for calling up a name may be an artist name or
a title name in the track information table, or a group
name in the group information tabie. One name slot may be
called from a piurality of pointers. As depicted in Fig.
36B, each name slot is composed‘of name data’constituting
text information, a name type serving as an attribute.of
-the'text information, and a link to another name slot. A
name too long to be accommodated in a single name slot
may be divided into a plurality of name slots. The
divided name slots are traced one after another nsing
links describing the whole name.

The first example of the audio data management
system according to the invention works as follow: as
illustrated in Fig. 37, the track numbef of a target
‘track to be reproduced is first designated in_the play
order table (Fig. 31). With the track number designated,
access is gained through a link to the track descriptor
(Figs. 34A and 34B) in the track information'table; and

the linked track descriptor is retrieved from the table.
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connecting said at |east one of said plurality of free areas where said
encrypted data is recorded to an end of said file managed by said file
system recording in said part descriptor the part pointer information that
points to said at | east one of said plurality of free areas where said
encrypted data is recorded; recording in-said track descriptor a decryption
key so as to enable | ater decryption of said encrypted data, 138 and .
pointer information that points to said part descriptor; and recording a
track nunber that points to said track descriptor in a play order table .
having a play order of a plurality of tracks. 12. A recording nethod

accor di ng tRed Bl kihd WALGE SSEFiRial 4he. S afodfng TeFSEENY in said
part descriptor said part pointer information, said part pointer

i nf ti k4 n S Lt t t | east
| nf orma Iorba%ys#l 12 i dermeielr eﬁ?fc?x%h\?}gt?, ?ce%ggérggledeg £06n tRe

a part of sai ITe associated wth sai Id plurality of

free areas j ﬁﬁi&’eﬂ%ﬁﬁr%&ﬁ&{&ggg%ﬁﬁgﬁ@ {ﬁ%?ﬂ;ﬂ.@g met hod

according to claim1ll o _ r conpri ep ‘of :* hanagi ng said
b oo A AL 0 S, 151D s & fPEPL oo
' track in question, an artist name pbinter, a title name -
pointer, original title order information, and recording
time information about the track in question. |
Based on the part number information read from the
track information table, access is gained through a link_
to the applicable part descriptor in the part information
table (Figs. 35A and 35B) . From the part information
tabie, Ehe audio data file is accessed at thevpart
- corresponding to the start éddress of the track (title)
ih question. When access is gained to the data at the
part whose location in the audio data file is designated
by the part information table, reproduction of audio data
is started fromvthat location. At this timé) the
reproduced data are decrypted in accordance with the
coding system read from the applicablé_track descriptor
in the track information table. If the audio data are
lencrypted, the key'information read from the track
descriptor is used to decrypt the data.

If there is any part following the part in question,

a link to the destination paft is described in the part
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. 18. A recording nethod according to any one of clains 11 to 17, wherein:
said file is an audio file and said data is an audio data. 19. A recording
apparatus, conprising: neans for searching for at |east one of a plurality
of free areas on a storage nedium said storage nediumincluding a file
that is stored according'to a file systenm neans for generating a track
descriptor having a track as an attribute and an encryption key to encrypt
a data to be stored as an encrypted data in said storage nedium neans for
generating a part descriptor having a part. pointer information that points
to said file; means for recording said data encrypted with said encryption

key in Sai@e%bﬂi%%%&.on@hgfrEQEQaﬁkubQ&EtMe?%§ﬁgsgférﬁ§%;r@%ﬁﬂ%n%or

connecting said at |east one of said plural ee areas where said

Shor i e]  $atRe BlcRHLaG WA RO \widH Tid (S BNAGRS et T e

- system 141 means tor recording iIn sal espertor he part pointer
o) SR RS, SR dRSEl e Ol SUSRA g lr e,
track deSC%E% %rﬁ%ose locations are designated by the accessed.part
_ desériptors. These steps allow the audio data to be
1reproduced from_the desired track (music title).

A name slot (Fig. 36A) in the name table is called
from the location (or name pointer-informatiop)
designated by an értist name poiﬁter or a titlé name
pdinter read from the track information table. Name data
are read from the name slot thus called. The name ppintér
,information may be a name slot number, a ciuster number
in a file allocation table system, or a physical address
of a storage medium, for example.

Each name slot in the name table may be referenced
from a plurality of péintéré'as mentioned above. For
example, where multiple titleé of the same artist are.
recorded, the same name slot in the name table is

. referenced from a plurality of pointers in the track
information table as shown in Fig. 38. 1In tﬁe example of
Fig. 38, ﬁrack descriptors "1," "2," and "4" represent
the music ﬁitles all belonging to the same artist "DEF

BAND, " so that the same name slot is referenced from each

of these track descriptors. Also in Fig. 38, track
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decryption key so as to enable | ater decryption of said encrypted data, and
pointer information that points to said part descriptor; and neans for
recording a track nunber that points to said track descriptor in a play
order table having a play order of a plurality of tracks. 20. A reproducing
apparatus according to claim10 operable-to access data/tracks according to
the method of any one of clainms 1 to 9. 21. A recording apparatus accor.di ng
to claim19 operable to record data/tracks according to the method any one
.of clains 11 to 18. 22. An information processing apparatus conprising: a
reproduci ng apparatus according to claim10 or 20: and a recording

appar at us afeEddigtbAd ¢ ai m51—9' CHnéj" 6]"42re&ﬁ_f'esAéﬁt§ tbhﬁ.e" muft[‘c ﬁtfés Al A
L A(LA LA LA(L A A(’?A( AF 7. AA |,  .A A( .AF AN?. A LA A
all belonging to the same artist "GHQ GIRLS," so that the
~same name slot is also referenced from each of these
track descriptors. When each name slot in tﬁe name table
is allowed to be referenced‘from a plurality of pointers,
the size of the name table can be reduced appreciably.
Furthermore, infermation about a given artist name

may be displayed by use of links to the name table. If it
is desired to dieplay a list of music titles belonging to,
say,'the artise named "DEF BAND, " the track descriptors
referencing the same name slot "DEF BAND" are traced and

" their information is displayed. In this example, the
track descriptors “1," "2," and "4" referencing the
address in the name slot "DEF BAND" are traced and the

" descriptor information is acquired. The information thus
ebtained permits a display.of the musie titles which
belong to the artist named "DEF BAND" aﬁd which are held
on this disc. There are no links going from the name
table back to the track information table, because each
name slot in the name table is allowed to be referenced
from a plurality of pointers.

When audio data are to be recorded aneQ, an unused

area made up of at least a predetermined number of

consecutive recording blocks (e.g., four recording
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blocks) is allocated accbrding to the FAT table.
Recording blocks are allocated consecutively so as to
minimize wastage in accessing the recorded audio data.
When thebaﬁdio data recordable area is allocated, a
new track descriptor is assigned to the track information
table, and a content key for encrypting thevaﬁdio'data in
questioﬁ is génerated. The input audio data are enérypted
using the key before getting recorded to the unused area
allocated. The area in which the audio data have been
recorded is chained to the tail end of the audio data
" file in the FAT file system.
With the new audio data chained to the audio data
- file, informatidn about the chained location is generated,
and the newly generated audio data locaﬁion'information
is written to a hewly assigned part descriptor. Key
information and a part number are written to the,néw
track descripﬁor. If necessary, an artist name and a
title name are written to relevant name slots. In the
track descriptor, pointers are described with links to
ﬁhe artist name and title name. The number-of the track
descriptor in question is written to the play order table,
and the applicable copyright management information is
updated.

When audio data are to be reproduced from a

89



JAFl A _AYF .AN .AF .A3 .AYY .A .AA3 .AF _AINY . Al .A NF .AY3 . A
CAINY LA . AF _AINF LAY .A3 .A(F .AYNF .AFY .A A3F .Al .AY .Al .A;Y .A 3
CAYu . A[. A9(y. ANF |

particular track, information about the designated track
number is retrieved from the play order table. The track
déscriptor correspondiﬁg to the traék from which to
reproduce the audio data is.then acquired.

Key information is obtained from the applicable
track descriptor in the track information table, and the
part descriptor indicating the area containing entry data
is acquired. From the partidescriptor, access is gainéd '
“to the location, in the audio data file, of the first
part containing the desired audio déta, and data are
retrieved from the adcesSed location. The reproduced data

) from the 1ocation-are decrypted'using the acquired key
infdrmation'for éudio data reproduction. If the part
déscriptor has a link to another part, the.linked paft is
accessed and the above steps are repeated.

Suppose that it is desired to change a.track number
"n" of a given track in the play order table into a track
number "n+m.” In that case, a track descriptor Dn
describing information about the track in question is
first obtained from a track information item TINFn in the
play order table. All values representing track
information.items TINFn+1 through TINFn+m (i.e., track
descriptor numbers) are advanced by one place. The number

of the track descriptor Dn_ié then written to the track
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information item TINFn+m.

Suppose now that a track with a track number "n" is
desired to be erased. In this case, the track descriptor
Dn describing the information about the track is acquired
from the track information item TINFn in the play order
table. All valid track descriptor numbers following the
track information entry TINFn+l in the play order table
are advanéed by one place. Moreover, because the.traék
“n” is to.be erased, all track informétion entries that
follow track “n” are advanced in the play 6rder by one
place. Based on the track descriptor Dn thus obtained for
the track to be deleted, the coding system and the

| decryption key corresponding to the track in question are
acquired from the track information table. Also acquired
is the numbe¥ of a part descriptor Pn indicating the area
containing the start audio data. An audio block with its
range designated by the part descriptor Pn is detached
from the audio data file in the FAT file system. Then the
track descriptor Dn of the track in question is erased
from the track information table and the part descriptor
is erased from the part information table so as to free
the part description on the file system.

Sﬁppose that in Fig. 39A, parts A, B, and C have

been chained and that part B is desired to be erased. It
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generated for the track descriptor Dn. The part

descriptorilist is extracted from the track descriptor Dn.
A new part descriptor is allocated, and the part
descriptor cdﬁtent in effect before the track division is
cbpied to the newly allocated paft descriptor.» The part
descriptor containing a dividing point is shortened up to
that point, and any part descriptor links subsequent to
the dividing point are discarded. The newly.allocated
part descriptor is set immediately after the dividing

point.

7.f'Second example of the audio data management system

A second example of the audio data managemént
systém according to the invention will now be described.
Fig. 40 is an explanatory view of a second-example setup
of the inventi%e:audid data management system. As shown

~in Fig. 40, the audio data management system of this
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10%&' S"NHO%&' D9Dn%PDE+
O- %gch audio A%tt“%lle, as shown in Fig. 41,

accommodates audio data donstituting a single music title

(piece of music) in principle. The audio data file has a
header that includes a title, decryption key information,

_ copyright management information, and ihdex information.
Indexes'are used to divide one piece of music on a single
track into a plurality of tracks. The header records the
locations of index-divided ﬁracks in conjunétion with
index numbers. Illustratively, up to 255 indexes may be
set to a track.

The track index file is a file that describes
various items of information for managing the audio data
retained in audio data files. Asvshown_in Fig. 42, the
tréck index file is made up of a play order table, a
programmed play order table, a group information table, a

' track information table, and a name table.

.. The play order table'indicates the order of audio
data reproduction defined by default. As shown in Fig; 43,
the play order table contains iﬁformation items TINF1,
TINF2, etc., representing links to track descriptors (Fig.

467) corresponding to track numbers (i.e., music title
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10" offL- 10@%@'g)réggggég%iflo%w&kg)to tAW&t&%ck descriptors

corresponding to the track numbers.

The group information tabie, as depicted in Figs.
45A and 45B, describes information about groups. A group
is defined as a set 6f one or more tracks having serial
track numbers, or a set of one or more tracks with
programmed serial track numbers. Specifically, the group
information table is made of group descriptors
representing track groups.as shown in Fig. 45A. Each
group descriptor describes a start track number, an end
track number, a group name, and a flag regarding the
group in question as indicated in Fig..45B7
| The track information table describes informatiqn
about tracks, i.e., music titles as shown in Figs. 46A
and 46B. Specifically, the track information table is
made up of ‘track descriptors representing tracks (music
Eitles) as indicated in Fig. 46A. Each track descriptor,

as depicted in Fig. 46B, includes a file pointer pointing
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information pointing to relevant entries in the name
table.

The name table is a table of texts making up actual
names. As shown in Fig. 47A, the name table is made of a
plurality of name slots. Each name slot is linked with

- and called by a pointer pointing to the name in quéstion.
A pointer for calling up é name may be an artist name or
‘a title name in the track information table, or a group
name in the group information table. One name slot maj be
called from a plurality of pointers. As depicted in Fig.
47B, each name slot is composed of name:data,-a name type,
and a link to another name slot. A ﬁame.too long to be
aCComﬁodated in a single name slot may be divided into a
plurality of name slots. The divided name slots are
traced one after another using links describing the whoie
name.

The second example of the audio data management
system according to the'invention works as follow: as

illustrated in Fig. 48, the track number of a target
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order table (Fig. 43) . With the track number designated,

access is gained through a link to the track descriptof
(Figs; 46A and 46B) in the track infofmation table, and
the linked track descriptor is retrieved from the table.
Read from the track descriptor are: a file pointer
pointing to the audio data file in queétion, an index
number of the track in question, an artist name pointer,
a title name pointer,.original title order information,
and recording time information about the track.

| Based on the audio data file pointer, the audio
data file in quesﬁion is accessed and information is read
from the header of the file. If the audio data are
encrypted, the key information read from the header is
used to decrypt the data for audio data reproduction; If
an indeX‘number'is designated; the 1océtion of the
designéted index number is detected from the header
information, and auaio data reproduction is started from
the location of that index number.

A name slot is called from the locationvdesignated
by the artist name pointer or the title name pointer
retrieved from the track information table. Name data are
read from the name slot thus called.

When audio data are to be recorded anew, an unused
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consecutive recording blocks (e.g., four recording
blocks) is allocated according to the FAT table.
When the audio data recordable area is allocated, a
new track descriptor is assigned to thé track information
table, and a content key for encrypting the audio data in
question is generated. The input audio data are encrypted
using the key, and an audio data file is generated with
the encrypted audio data.
A file pointer of the newly generated audio data
file and key information are written to the newly
assigned track descriptor. 1If necessary,‘an.artist name
and a title name are written to relevant name slots. In
the track descriptor, pointers are described with links
to the artist name and title name. The number of the
track descriptor in question is written to the play order
table, and the applicable copyright management
information is updated.
When audio data are to be reproduced from a
particular track, information about the designated track
number is retrieved from the play order table. The track
descriptor corresponding to the track from which to

reproduce the audio data is then acquired.

Based on the track desériptor in the track
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data file contalnlng the desired audlo data and the 1ndex
number of the track in question are obtalned The audio
data flle is then accessed and key 1nformatlon is
acquired from the header of the file. The reproduced'data
from the audio data file are decrypted using the acquired
key information for audio data reprodﬁction. Where the
index number is designated, audio data reproduction is>‘
started from the location of the designated index number.
Where a track "n" is desired to be divided into a -
tfack "n' and a track "n+l," a track déscriptor number Dn
describing information about the track "n" is first
acquired from a track information item TINFn in the play
order table. From a track information item TINFn+l, a
track descriptor number Dm describing information about
the track "n+l" is obtained. All valid TINF values (traék”
descriptor numbers) following thevtracklinfofmation item
TINFn+l in the play order table'are‘advanced by one place.
As shown in Fig. 49, using an index arrangement
allows data in one file to be divided into a plurality of
indexed areas. The index numbers being used and the
locatioﬁs of the indexed areas are written to the header

of the audio track filé.in question. An audio data file

pointer and an index number are written to one track
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another 1ndex number are written to another track
deécriptor Dm. In.this case; one piece of music M1l on a
gingle track in the audio data file is apparently divided
into t&o pieces of music M1l and M12 over two tracks.

If it is desired to combine a track "n" with a
track "n+l1" in the play order table, a track deécriptor
number Dn describing'information about the track "n” is
acquired from a track information item TINFn in the play
order table, and a track descriptor number Dm describing

_ information about the track “n+l” is obtained‘from a
tréck iﬁformationvitem’TINFn+1 in the play order table.”

. All wvalid TIﬁF values (track descriptor numbers)
following the item TINFn+l in the play order table are
édvanced by oﬁe place.

If the track "n" and track "n+1" afe found in the

. same audio data file and separated from each other by an
index, then erasing the index information from the header
of the file allows the tracks to be combined as
illustrated in Fig. 50. Two pieces of ﬁusic Mél and M22
on the two tracks are thus combined into a single piece
of music M23 on one track.

Suppose that the track "n" is the index-divided

latter half of an audio data'file and that the track
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"n+lﬁ is found at the beginning_of-another.audie data»
file. In that caée, as showhnin Fig.‘Sl, a header is
attached to the data over'the index-divided track "n" to
create an audio data file accommodating a piece of music
M32. The header is then erased from the audio data file
of the track "n+l" carrying another'piece of music M41,
and the audio data of the track "n+1" with the music.
title M41 is connected to the audio data file of the
music title M32. The two pieces of music M32 and M4l are
ﬁhus combined into a single piece of music MS51 on one
track.

The processes above are implemented by two
funetions. One function involves adding a header to eaéh
of index-divided tracks, encrypting track data using a
different-encryption key for each track, and transforming
inde#ed audio data into a single audio data file.: The
other function involves erasing header information from a
given audio data file and connecting the data in thet

file to another.audie data file.

8. Operation during connection with the personal computer
The next-generation MD1 and MD2 systems adopt the

FAT system as their data management system in order to

secure compatibility with pefsonal computers. It follows
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as they are being read from-the disc 90. When the ability
of the portable-type disc drive unit 1 to access data is.
takén into account, audio data should preférably be
recorded séquentially'on the disc. By contrast, the
personal computer has no consideration for such data
continuity when writing data to the disc; the PC records
dété to any free areas found availéble on the diéc.

| The recording/reproducing apparatus of the
invention haé the personal computer 100 connected to the
.disc drive unit 1 ﬁhrough~the USB hub 7 so that the
personal computer 100 may write data to the disc 90
loaded in the disc drive unit 1. In that setup, general 
data are written under control of the file system of the
pérsonal computer 100, while audio data are written under
control of the file system of the disc drive unit 1. .

Figs. 52A and 52B are explanatory views sketching

how management authority is moved between the personal.
computer 100 and the disc drive unit 1 connected
therewith through the USB hub 7, not shown, depending on

the ‘type of data to be written to the disc loaded in the
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10%& () - 1911t 1. In this case, the file system on the part of the
.personal computer 100 provides FAT managemeﬁt overvthe
disc 900.

It is assumed that the disc 90 has been formatted
by either the next-generation MD1 system or the next-
generatlon MD2 system.
| Viewed from the personal computér 100, the
connected disc drive unit 1 functions apparently as a
removable disc under PC control. fhe personal computer
100 can then write and read data to and from the disc 90
in the disc drive unit 1 in the same manner that the PC
writes aﬁd reads data to and. from a'flekible disc.

.The file system-of the personal computer 100 may be
furnished as part of the capabilities of an 0S (Operating
System) carried by the PC 100. As is well known, the 08
may be récorded as suitable program files on a hard disc
drive incorporated in the personallcomputer 100.‘ Upon
étart—up, the program files are read and executed by the
personal computer 100 to implement the 0S capabilities.

Fig. 52B shows how audio data are transferred from

the personal computer 100 to the disc drive unit 1 for
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carries utility software for submitting audio data to
ATRAC compression encoding and for requiring the disc
drive unit 1 to write or erase audio data to or from‘the
disc 90 loaded in the unit 1. The utility software is
also assumed to be capable of referencing a track index
file on the disc 90 in the disc drive unit 1 in order to
look up track information recorded on the disc 90. This
utiliﬁy sofﬁWare is held illustratively as program files
bn the HDD of the pefsonal computer 100.

Described below is how audio data recorded on a
storage mediﬁm of the personal computer 100 are typically
transferred and recorded to the disc 90 loaded in the
disc drive unit 1. It is assumed that the utility
software mentioned above is booted in advance.

The user first performs an operation on the
personal cemputer 100 causing it to write desired audio
data (called theAaudio data A hereunder) from its HDD to
the disc 90 loaded in.the disc drive unit 1. The

operation triggers the utility software to issue a write

request command requesting a write operation of the audio
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personal computer.loo._vThe retrieved audio data A are
subjected to an ATRAC compression encoding process by the
utility softWare carried by the personal computer 100.
The proéess turns the audio data A into ATRAC—compressed
'data that are transferred from the personal computer 100
to the disc drive unit 1. |

Upon receipt of the write request‘command from the

._ personal computer 100, the disc drive unit 1 starts |

receiving the ATRAC—compressed audio data A being
transferred from the personal computer 100. The disc
drive unit 1 recognizes the command as a directive for
Wriﬁing‘theltransferred data to the disc 90 as aﬁdio data.

Moxre specifically, the.disc drive.unit 1 receives
the audio-déta A ffom the personal computer 100 through
the USB_hub 7. The received data are forwarded to the
media drive unit 2 via the USB interface 6 and memory
transfer controller 3. With the audio data A fed to the
media drive unit 2, the system controller 9 causes the
media drive unit 2 to write the audio data A to the disc

90 under control of the FAT-Based management scheme of

106



10@BY109%& ()-L 109%& ()- | '1109%& ()-1 '!1109% ()- 10 10 109<109%& () - NOf dEbC
10 3109& ()-sS109%& ()-1z 109& ()-1y109%& ()-s109%& ()-1S 109%& () - #RIEbC

101, 109%&' ()-1*z 10%& ()- @ @O% ()-1& 109%& ()-$F10%& ()-"10%& () - & dEbC
101 L9109& () -1 F7109%& ()-1, 5109 ()- 3109 ()- @F10% ()-1.10% ()-D}bC -

10, Y: 109& ()-1S109& ()-19109%& ()-Y 109 .()- 10 10 10<109% ()-!WdEbC 101 T
1098 () -, 10%& () -1 109%& ()-110% ()-1y10%& ()-Ys: 10% () -1 dEbC |

101 (109%& () - Y&L09%& () - Y$S109& () - Y'109& ()-1 GLOY& ()-1g 109 ()- ?t RAEbC
10YS510%& ()-19310%&’ ()-Y 1S 109%& ()- Y/ 109%& ()- Y- 10%& () -, *mL0%& () - RdbC
10&10%& ()- 109 ()- 10 10 10&<109%& ()-, S9109%& ()- YY710%& () - <uQdEbC

10 100 (1751 100 17 (1008 1)@ TO0 137 SHBWET) V68 () <8 PaEbC.

0
1077 | @Ol RO S %@%‘y Qi %%H%—%zné%% 0 ) adtuva
| four recording blocks (64 kilobytes X 4) based on the FAT
system.of the disc drive unit 1. | |

Until the data write operation on the disc 90 is
complete, there occur exchanges of data, status-
1nformatlon,‘and commands between the personal computer
100 and the disc drive unit 1 in keeping with a suitable
protocol. The exchahges are performed to control the data
transfer rate in such a manner that neither overflow nor
underflow will occur in the ciuster buffer 4.

Iﬁ addition to the write request cohmand'mentioned
above, an erase request command may be utilized by the
personal computer 100. The erase request command is used
to reéuest the disc drive unit 1 to erase audio data from
.the disc 90 loaded in the unit 1.

For example, when the personal computer 100 is
connected to the disc drive unit 1 and the disc 96 is
loéded in the unit 1, the utility_software reads the
track index file from the disc 90. The retrieved data are
transferred from the disc drive unit 1 to the personal
computer 100. Based on the received data, the personal
computer 100 may illustratively display a title list of

. the audio data held on the diéc 90.
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Suppose that the user at the personal computer 100
views the displayed title list and performs an operatlon
to erase certain audio data (called the audio data B
hereunder). In that case, information desighating the
audio data B to be erased is transmitted to the disc
drive unit 1 together with an erase request command.
‘Given the erase request’command, the disc drive unit 1
under its own control erases the audio data B from Ehe,
disc 90 as requested.
Because audio data erasure is executed by the disc
drive unit 1'under control of its own FAT systeﬁ, it is
| possible to erase audio data from, say, a huge file

combining a plurality of audio data files as explained

above with reference to Figs. 39A and 39B.

'§. Restrictions on copying of audio data from the disc

Protecting the copyrights of audio data recorded on
the disc 90 requires establishing appropriate
réstrictions on their copying to other storage media.
Consider a case in which audio data held on the disc 90
are transferred from the disc drive‘unit 1 tovthé
personal computer 100 fof recording illustratively onto
the HDD in the PC.

It is assumed here‘thaf the disc 920 has been
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[ ‘operations such as check-in and check-out, to be
disoussed below, are performed under control of the
above-mentioned utility software carried by the personal
computer 100.

Audio data 200 retalned on the disc 90 are first
moved to the personal computer 100 as. shown in Fig. 53A.
The "move" operation reptesents a series of actions

~including the copying of the target audio data 200 to the
personal computer 100 and erasure of the audio data in
question from the original storage medium (i.e., disc 90) .
That is, the move operation involves deleting the target
data from their source location and moving the data to
their new destination.

A check-out is defined here as the operation of
copying data from one storage medium to another, with a
rightful copy count (i.e., the number of times source
data are allowed to be copied legitimatel?) decremented
by one for the data in question. A check-in is‘defined as
the operation of erasing checked-out data f;om the check-
out destination, with the rightful copy count for the

checked-out original data incremented by one.

When the audio data 200 are moved to the persohal
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100 then sets an allowable (or some predetermined) check-
out'(CO) count 201 for the moved audio data 200' as shown
in Fig. 53B. In this example, the allowable check-out
COnnt is set for "3" as indicated by three filled-in
circles in the figureé The audio data 200' are allowed to
be checkéd out from the personal.cnmputer 100 to an
external étorage medium as many times as the allowable
check-out count thus established.

If the checked-out audio data 200 remained erased
from the original disc 90, it would be inconvenient for
the user. The possible inconvenience is redressed when
the audio daﬁa 200' checked out to the personal computer
100 are written back to the disc 90.

When the audio data 200' are written back to the
original disc 90 from the personal computer 100, the
allowable check-out count is decremented by one (3 - 1 =
2) as shown in Fig. 53C.. At this point, the audio data
200' held in the personal conputer 100 can still be
checked out rightfully twice and thus will not be erased

from the PC 100. As a result, the audio data 200' are
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The allowable check—oﬁt count 201-is managed by use
of the cbpyright management informaﬁion contained in the
track descriptoré in the track information table (see Fig;
34B) . Because each track'is assigned its own tfack
descriptor, the allowable check-out count can be set for
each track (each piece 9f audio Aata). A track descriptor
cbpied from the disc 90 to the personal computer 100 is
used as éontrol informaﬁion for managing-the.
corresponding audio datavmovéd into the PC 100.

illustratively, when any audio data are moved from
the disc 90 to the persohal.computer 100, the track
descriptor correspondingvto the moved éudio'data is
éopied to the PC 100. The'personal computer 100 utilizes
the copied track descriptor in managing the audio data
moved from the disc 90. When the moved audio data are
vrecorded to, say, the HDD of the personal compuﬁer 100, a
predeterminea allowable check;out count 201 ("3" in this
‘example) is set to the copyright management information
in the track descriptor.

In addition to the allowable check-out count, the
copyright management information includes an equipment ID

for identifying the check-out source device and a content
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copy destination device is verified based on the

eqﬁipment ID in the copyright management informatiqn
corresbonding to the audio data to be copied. If the
eguipment ID iﬁ‘thé copyright management information does
not match the equipment ID of the copy destination device,
copying is not permitted.

In the check-out processes of Figs. 53A through 53C,
the audio data held on.the disc 90 are moved to the
personal computer 100 and then written back to thevdiéc
90.. The prbcedure appears ¢omplicated from the user's
viewpoint and.could bg perceived as a waste 6f time
'bécause of the times involved in readiné the audi§ data -
from the disc 90 and.writing the same data back to the
disc 90. Furthermore, the user would find it aberrant for
the audio data to be erased, even temporarily, from the
disc 90.

Such awkwardness is avoided by skipping some of the
above steps upon a check-out of audio data from the disc
90, so that the outcome in Fig. 53C is reached in more
simplified fashion. Explained below is one such
simplified procedure executed in response to a single

command from the user, such és "Check out audio data
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For example, a link information item TINFn linked to the
tfack descriptor corresponding to the audiq data is
érased from the play order table, and a link information
item PINFn iinked to the\track descriptbr corfesponding
to thé audio data is deleted frOm'the4programmed file
order table.b Aiﬁernatively, the track descriptors
'themselvesvcorresponding to the audio data in question
may be erased. This step renders the audio data unusable
of‘thé disc 90, after moving the data from the disc 90 to
the'pérsonal computer 100.

(2) When the audio'data are copied to the personal
computer‘loo in'step (1) above, the track descriptors
correspoﬁding to the audio data are also copied to the
HDD of the PC 100. |

(3) The personal computer 100 recofds a
predetermined allowable check-out couﬁt (e.g., three
times) to the éopyright management information in the

track descriptors corresponding to the audio data copied

(i.e., moved) from the disc 90.
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' recorded as indicative of the audio data that may be
checked in subsequently. |

(5) The personal computér 100 then decrements by
one the allowable check-out count,recbrded in stép (3)
above to the copyright management informatidn in the
track descriptors.c0rresponding to the moved audio data.
In this example, the allowable check-out count is now
- reduced to "2" (= 3 - 1),

(Sf On the disc drive unit 1, not shown, in which .
the disc 90 is loaded, the track deécriptors
.cofresponding ﬁo the moved audio data are enabled. This
‘is accomplished'illustfatively by restoring or
reconstituting the link information items TINFn‘and PINFn
erased in step (1) above. Where the track descriptors
themselves corresponding to the audio data were erased
earlier, these track descriptors are reconstituted.
Alternatively, the corresponding track descriptors may be
transferred from the personal computer 100 to the disc
drive unit 1 for recording onto the disc 90.

Carrying out steps (1) through (6) above completes

the entire check-out proceduré. The steps permit copying
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The audio data copying steps (1) through (6) above
are épplied preferably to the audio data that were
recorded onto the disc 90 by the user operating the disc
arive unit 1. | )

' Checked-out audio data are checked in as’follows:
the personal computer 100 first Séarchés for the desired
-data from among the.audio data recorded therein} as well

" as for COntfol information‘such as copyright management
information in the,corresponding track descriptors. With

the audio data and the control information found and

aséertained, the target data are checked in accordingly.

10. Coexistence of the next- generatlon MD1l system with
the durrent MD system

The next-generation MD1l system can use the same
disc adopted by the current MD system, even thought the
disc format of the next-generation MD1l system differs
significantly from the disc format of the current MD
system. This necessitates making arrangements that will

keep the user from getting cdnfused when using either of
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- Fig. 54 is a schematic view portraying conceptually
how the next-generation.MDl system and the current MD
system may coexist in thé-disc drive unit 1. The disc
drive unit 1 complies with both digital énd analog.
formats for ;he audio signal’to be input and output.

‘Given a digital audio signal, a next-generation MD1
systém 70.in Fig. 54 detects a watermark from the signal
by a predeﬁermined method, gets an encryption unit 72 to-
encrypt the signal using key information 74, and feeds
ﬁhe encryptéd signal to a recording/reproduction ﬁnit 73.
If an analog audio signal is supplied, the MD1l system 70
gets an A/D converter, not shown, to covert the signal
into a digital audio data signal, detects a watermark
from the audio data signal, encrypts the signal, and
sends the éncryp;ed signal to the recording/reproduction
unit 73. The recording/reproduction unit 73 subjects the
encrypted audio data to ATRAC compression éncoding. The
compression-coded audio data are converted to~1—7pp
modulation formaﬁ togethér with the key information 74
before getting recorded to the disc 90, not shown.

If the watermark detected from the input audio

signal contains illustratively copy guard information,

thén the recording/reproduction unit 73 may be inhibited
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from carrying out any write operation accordingly.
For audio data reproduction, both the audio data
~and the corresponding key information 74 are read from
the disc 90 by the recordlng/reproductlon unit 73. The
data are decrypted by a decryption unit 75 u31ng the key
information 74, whereby a digital audio signal is
acquired. The digital audio signal thus obtained'is
converted Eo an analog audio signal by a D/A converter,
not shown, for output. Alternative;y, ﬁhe digital audio
signal may be output unconverted without the intervention
of the D/A converter. A watermark may also be detected
from the audio signal being reproduced from the disc 90.
If the detected watermark is judged to iﬁclude copy
’guarddinformation; the recording/reproduetion unit 73 may
be inhibited from carrying out audio data reproduction'
accordingly. | |
In a current MD system 71 of Fig; 54, a digital
audio signal is furnished with generation management
idformation by sCMs (Seriel Copy Management System)
before.being forwarded to a recerding/reproduction unit
76. An anelog audio signal, if supplied, is converted to
digital audio data by en A/D converter, not shown, before

being fed to the recording/reproduction unit 76. The

analog audio edgnal is not furnished with generetion

117



10m 10nx 10%&' ()-, 10%m& ()-Z ! "10%6~6~&f()-C|VdE~_@P 102! 0" $ 10%& ()-S
109%Z&' () -10%Z& () -fZ10%Z& ()-310%Z& ()-10%& ()-OedE~_@
107! 31s10%& () -,/ F10%& () --& z109%&Z& ()-0*10%& ()-G S
10%& ()-'109%Z& ()-.cdYNC 10z! 10Z 10Z 10Z9<
10%2& () - &93109%&Z& () - Fyl 7910%Z& () - S510%&Z& () - L3nL0%Z& () - W"?4C 10 109<
109%& ()-1,/z 109%& ()-T! 10%WI1& ()- 10%& ()-! F @10%& ()-nF @ 10%& ()-.n HC
10 10! ' @ 10%Z& ()-' @10%Z& ()-10%Z& ()-! Y :110%ZZ& ()-n¥ :!110%& ()-m 10
10"YbC 10 10SI 109 ()-Ss10%&' ()-L10% ()-3 109%&' ()- 10Z :
managemeht ianrmation by SCMS. The
recording/reproduction unit 76 submits the received audio
data to ATRAC compression encoding. Thelcompfession—coded
"audib,data are converted to EFM format before being
written to the disc 90, not shown. |
For audio data reproduction, the desired audio data
are read as a digital audio siénal from the disc 90 by
the recording/reproduction_unit 76f The digital audio
signal is converted to an analog audio signal by the'D/A‘
converter, not shown, for output. Alternatively, the
digital audio signal may be output.unconverted withou;
the interveﬁtion of the D/A converter.
In the above-describéd disc drive unit 1 in which
the next-generation Mbl system an& the current MD system
cdexist, a switch 50 is provided to‘switch explicitly
between the.operation modés of the two MD‘systems. In
particular, the switch 50 is used effectively when audio
data ére to be recorded to the disc 90.
Fig. 55 is an external view of a portable-tjpe disc
drive unit 1. The disc drive unit 1 is equipped with a
hinge, which is located in the rear and hiddén in Fig. 565.
Sliding on a slider 52 allows a lid 54 around the hinge

to swing open away from a body 55. A disc guide appears

"in the opening through which to insert the disc 90. When
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the disc 90 is inserted along the gulde and the lld 54 is
swung shut, the disc 90 is loaded into the disc drive
unit 1. With the disc 90 thus loaded, the disc drive unit
1 automatiéally reads information from the lead-in area
and U-TOC area of the disc 90.
A phone jack 53 serves as an analog audio sighal
output terminal. The user may plug audio reproduction
means such as headphones into the phone jack 53 to enjoy
the sound of .audio data reproduced from the disc 90.
Although not shown in Fig. 55, the disc drive unit
1 is also prov1ded with various keys for control
purposes: keys for de51gnat1ng disc operatlons such as
‘play, record, stop, pause, fast forward, and‘reWind; keys
for editing the audio data and other information held on
the disc 90; and keys foi-inputting commands and data
into the disc drive unit 1. These keys are located
illustratively on the body 55.
The above-mentioned switch 50 is attached
illustratively to the 1lid 54 of the disc drive unit 1. As
- shown in Fig. 55, the switch 50 is hade fairly large in
size and located conspicuously to attract the user's
attention. On the disc drive unit 1 in Fig 55, the switch

50 is shown switchable either to "MD" for the operation

mode of the current MD systeﬁ or to "NEXT-GENERATION MD"
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The lid 54 is also equipped with a display unit 51.
The display unit 51 displays various operation states of
the disc drive unit 1 and track information from the disc
90 loaded in the unit 1. The displéy unit 51 also gives
onscreen.indications in conjunction with the operation
mode set by use of the switch 50.
Described'below with reference to the flowchart of
Fig. 56 is how the disc drive unit 1 typically works when
'formatting the disc 90. The steps in Fig. 56 apply when a
so~-called virgin disc»(unused disc) is to be formatted.
In the first step S200 of Fig. 56, a current MD system
disc 90 is loaded into the disc drive unit 1. With the
disc 90 loaded,'step S201 is reached in which information
is read first from thé lead-in area and then from the U-
TOC area on the disc 90.
In step 8202, a check is made to see whether the
operétion mode of the disc drive unit 1 is set by the
switch 50 for the current MD system or for the next-
genération MD1 system. If in step S202 the operation mode
is judged set for the current MD sYstem, step S203 is
reached. In step S203, the loaded disc 90 is judged

usable as a current MD system disc with no need for

further formatting, which is characteristic of the
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onscreen indication saying that the disc 90 is a blank
disc.
If in step S202 the operatién mode of the disc
drive unit 1 is judgéd set for the next-generation MD1
system, then step S204 is reached. In step S204, the
display'unit 51 indicates that the disc 90 is a blank
disc for a period of, say, several seconds before step
S205 is reached automatically.
In step 8205, the display unit 51 is. made to
display a message asking the user whether or not to
proceed with formatting of the disc 90. If the user gives
an instruction specifying that the disc 90 is to be
formatted, step S206 is reached. Illustratively, the
instruction is entered into the disc drive unit 1 by the
user operating a suitable key on the body 55 of the unit
1.
In step S206, the disc drive unit 1 submits the
disc 90 to a formatting pfocess of the next-generation
MD1 system in the manner described earlier with reference
to the flowchart of Fig. 18. While the disc 90 is being
formatted, the display unit 51 should preferably indicate

the formatting process is in progress. With the

formatting process completed in step S206, step S207 is
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give a message saying that the loaded disc 90 is a blank
next-generation MD1 disc.
If in step S205 the user gives an instruction that
the disc 90 is not to be formatted, step S205 is followed
by step S208. In step 5208, the display unit 51 gives an
indicétion prompting the user to set the switch 50 for
the operation mode 6f the current MD system in the disc
 drive unit 1. In step S209, a check is made, upon elapse
of a predetermined period of time, to see whether the
setting of the switch 50 stays unchanged despite the
indication on the display unit 51. If the setting of the
switch 50 is judged unchanged in step S209, a time-out is
reéognized ahd control is returned to step 8205.
Fig. 57 is another flowchart of steps carried out
bylthe disc drive unit 1 in formatting a virgin disc 90
loaded therein. In step S300 of Fig. 57, a blank (unused)
disc 90 is loaded into the disc drive unit 1. In step
S301, informatioh_is read first from the lead-in area and
then from the U-TOC area of the disc 90.. In step S302,
based on the U-TOC information thus acquired, the display
unit 51 is made to give an indicaﬁion that the loaded

disc 90 is a blank disc.

In step S303, the record key (not shown) on the
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unit 1 not only by operation of the record key of the
unit 1 but also from, say, the personal computer 100
connected to the disc drive unit 1.
With the recording instruction given to the disc

drive unit 1 in step S303, step S304 is reached. In step

- 8304, a check is made to see whethef the operation mode
of the disc drive unit 1 is set by the switch 50 for\the
»next-genefation MD1 system or for the current MD system.
- If in step S304 the operation.mode of the disc drive unit
1 is judged set for the current MD syétem, then step S306
is reached. 1In stép S306, a recording pfocess of the
current MD system is started on the disc 90f

If in step S304 the operation mode of the disé

Kdrive unit 1 is.judged set for the next-generation MD1 -
gsystem by the switch 50, step S305 is reached. 1In step
8305, the disc 90 is formatted by the next-generation MD1
system in the manner described earlier with reference to
Fig. i8. Step 8305 is followed by step 8306 in which a
recording process of the next-generation MD1 system is
started on the formatted disc 90.

Described below with reference to the flowchart of
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Fig. 58 is how the disc drive unit 1 typlcally works when
recordlng audio data to the dlSC 90. The processing
varies depending on whether the 6peration mode of the
disc drive unit 1 matches the type of the disc 90, i.e.,
whether the disc 90 has been formatted by the next-
generation MDl system.
In the first step S210 of Fig. 58, the disc 90 is
loaded into the disc drive unit 1. With the disc 90
ioaded, step 8211 1is reached in which information is read
first from the lead-in area and then from the U-TOC area
of the disc 90.
Based on the U-TOC information thus retrieved, a
check is made in step S212 to determine whether the
loaded disc 90 has the format of the next-generation MD1
system or the format of the current MD system. The check
is made illustratively on the basis of whether FAT data
have been retrieved from the U-TOC area. Alternatively,
the check may be carried out based on whether alert track
start location information is found in the U-TOC area.
In step S213, the display unit 51 is made to
indicate the disc type determined in step S212. 1In step
S214, the status of the loaded disc 90 is displayed on

the display unit 51 in accordance with the information

read from the U-TOC area. Iliustratively, the display
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the disc.90 is not a blank disc, the disc name and track
name information ére d;splayed. In step S215, the
rotation of the disc 90 is stopped.

In step S216, a check is made to éee if the disc
type determined in step S212 matches the operation mode
of the disc drive unit 1 set by the switch 50. In case of
a match, step S217 is reached.

| More specifically, step.5217 is reached in one of
two cases: where the switch 50 isljudged set for the
operation‘mode of the.current MD system and the loaded
<disc 90 turns out to be a burrent MD system disc on the“
one hand; and Qhere the switch 50 is judged set for the
operation mode of the next—genération MD1 system and the
loaded disc‘éo is found to have the format of the next-
generation.MDl system on the other hand.

In step 8217, data may be recorded to or reproduced
from theldisc 90. It ié also possible to edit information
in the U-TOC area on the disc 90.

At this point, depending on the disc type
determined in step S212, the gystem éontrdller 9 causes
the media drive unit 2 to select using the selector 26 an
appropriate signa} path complying with the modulation

system for the disc type in effect. This makes it
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. 10m @0%' (Dol 9 -dwitdOYEERE -demodulation formats automatically
between the next-generation MD1 syétem and the current MD
system for audio data reproduction. The file systems are

also switched in like manner between the next-generation

MD1 system and the current MD system under control of the
system controller 9 based on the disc type in effect.

It might happen in step $216 that the disc type
determined in step S212 does not match the operation mode
of the disc drive unit 1 set by the switch 50. In that
case, step S216 is'followed by step S219.

More specifically, step S219 is reached in one of -~
two cases: where the switch 50 is judged set for the
operation mode of the current MD system and the loaded
disc 90 turns out to have the format of the next-
generation MD1 system.on the one hand; ard where the
switch 50 is judged set for the operation mode of the
next-generation MDl.system and the loaded disc 90 is
found to have the format of the current MD system on the
other hand.

In step 'S219, a check is made to see what operation
is carried out by the user on the digsc 90. If in step
8219 the user is judged to have performed an operation to

reproduce ("PB") audio data frqm the disc 90, then step

8220 is reached. 1In step $220, the audio data are
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reproduced from the dlSC 90 as instructed by the user.

That is, even if the disc type does not match the
operation mode of the disc drive unit 1 set by the switch
50, the audio data recorded on the disc 90 ¢an be
reproduced regardless of the sétting of the switch 50.

More specifically, depending on the disc type
determined in step S212, the system controller 9 causes
the media drive unit 2 to éelect using the selector 26 an
appropriate signal path complying with the modulation
system for the disc type in effect. This makes it
possible to switch the demodﬁlation formats automatically
between the neit-generation.MDl system and the current MD
system fdr.audio data reproduction. The file systems are
also switched in.like manner between the next-generation
MD1 system and the current MD system under control of the
system controller 9 béséd on the disc type in effect.

If in step S$219 the user is judged to have
.performed an operation to record ("REC") audio data to.
the disc 90 or to erase or otherwise edit ("EDIT")
recorded audio data on the disc 90, then step S218 is
reached. In step 8218, a warnlng message appears on the
display unit 51 saying that the type of the disc 90 does

not match the operation mode of the disc drive unit 1.

Also displayed is a message éaying that recording is not
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0 avallable if the user has designated recordlng, or that
editing is impossible if the user has specified editing.

If in step S219 the user attempts to update the U--
TOC area in an editing operation during audio‘data
reproduction, the display unit 51 displays tﬁo_messagés:
that the type of the disc 90 does not match the operation
mode of the disc drive unit 1, and that editing is not
available at this stage.

. That is, Where the disc type does not comply with’
the operation mode of the disc drive unit 1 set by the
switch 50, no operation, which would modify informétion
récorded on the disc 90, is pérmitted.

How the disc 90 is changed in its format will now
be described. On‘the disc 90, it is possible to change
the format of the next-generation MD1 system into the
format of the current MD systém and vice versa.

Fig. 59 is a flowchart of steps for switching from
the disc format of the next-generation MD1 system to the
aisc format of the current MD system oﬁ the disc 90. It
is assumed here that the switch 50 is set in advance f;r
the operation méde of the'next—geﬁeration MD1 system.

In the first step 8230 of Fig. 59, the diéc 90 is
loaded into the disc drive unit 1. With the disc 90

loaded, step S231 is reached in which information is read
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first from the lead-in area and then from the U-TOC area
of the disc 90. 1In step 8252, it is'recognized thét the

loaded disc 90 has been formatted by the next-generation
MD1 sYstem. In step 8233; the rotation of the disc 90 is
stopped. -

In step 5234, all data recorded and managed by the
FAT éystem are erased from the disc 90. For example, the
user performs an operation to edit data ("EDIT") recorded
uﬁder the FAT management scheme on the diéc 90, and
selects from among editingAalternatives an operation to
erase all data ("ALL ERASE"). It is preferred in step
8234.that an indicatiqn be given on the diéplay unit 51.
asking the user to éonfirm his or her intention to
aétually erase all data from the disc 90.

After all data recorded under the FAT management
fschéme are erased from the disc 90 according to the
user's operation, step $235 is reached. In step S235, a
message saying that the loaded disc has now become a
blank disc aﬁpears on the display unit 51.

Step S235 is followed by step S236 in which the
user operates the switch 50 to seﬁ the operation mode of
the disc drive unit 1 for the current MD system. In step
§237, information is read from the U—TdC area of the

loaded disc 90. In step 8238)>the disc 90 is recognized
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as a disc formatted by the next-generation MD1 system.

In step S239, a message saying that the loaded disc
is a blank nekt-generation MD1 system disc on the display
unit 51. An indication alsé appears on the display unit
51 asking the user whether or not to cancel the format of
the next-generation MD1 system. Canceling the format of
the next-generation MDl system means switching from the
'diséiformat of the next-genéeration MD1 system to the disc
format of ﬁhe current MD system on the lééded disc 90.

If in step S239 the user is judged to have an
operation to cancel the disc format, step 3240 is réadhed.
In step 9240, the format of the next—generatibn MD1
system on the loaded disc 90 is canceled. Illustratively,
the disc format is canceled erasing the FAT information
-from the T-TOC area as well és the alert track.
Alternatively, the next—generatidn MD1 system format may
be canceled by erasing not the FAT information but the
alert track alone.

If in step S239 the user is judged to have
performed an operation not to cancel the disc format,
step 5241 is reaqhed. In step S241, an indication appears
on the display unit 51 prompting the user to operate the
switch 50 to set the disc drive unit 1 for the operation

mode of - the next-generation MD1 system.
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user carries out the operation to set the disc‘drive unit

"1 for the operation mode of the next-generation MD1

system within a predétermihed period of time. If the

- relevant operation is judged performed within the

" predetermined time period, then step 8243 is reached in

which the processing is terminated and the loaded disc 90

is rendered usable as a blank disc formatted by the next-

generation MD1 system. If in step S242 the setting of the

switch 50 is not completed within the predetermined time

period, a time-out is recognized and control is returned

to step S239.

Switching from the disc format of the current MD

system to the disc format of the'next—generation MD1

syétem is performed as follows: the switch 50 is first

operated .to set the disc drive unit 1 for the operation

. mode of the current MD system. An operation is carried

out to erase from the disc 90 all audio data recorded in

the format of the current MD system. Then the disc 90 is

formatted anew by the next-generation MD1l system in the

manner discussed earlier with reference to Fig. 18.

With the above features in pléce, the inventive

method and apparatus are capable of managing audio data

efficiently under control of the FAT system using a
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' storage medium whose specifications are equivalent to

those of the current MD system.

While a preferred embodiment of the invention has
been described using specific_terms; such description is
for illustrative purposes only, and it is to be
understood that chaﬁges and variations may be made
without departing from the spirit or scope of the
following claims.

The presentvdocument contains subject matter related
to that disclosed in Japanese Patent Application P2002-
099277, filed in the Japaneée Patent Office (JPO) on
April 1, 2002; Japanesé Patent Application P2002-190812,
filed in the JPO on June 28, 2002; Japanese Patent
Application P2002-099294 filed in the JPO on April 1,
2002; Japanese Patent Application P2002-190811 filed in
the JPO on June 28, 2002; Japanese Patent Application
P2002-099274 filed in the JPO on April 1, 2002; Japanese
Patent Application P2002-190804 filed in the JPO on June
28, 2002; Japanese Patent Application P2002-099278 filed
in the JPO on April 1, 2002; Japanese Patent Application
P2002-190805 filed June 28, 2002; Japanese Patent
Application P2002-099276 filed in the JPO on April 1,
2002; Japanese Patent Application P2002-190808 filed in

the JPO on June 28, 2002; Jabanese Patent Application
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to a predetermined track from a play order table having a

plurality of track information entries, said track

information entry pointing to a track descriptor in a

"track information table;

obtaining the track descriptor from track

information table, said track descriptor including a

decryption key for the predetermined track and a pointer

information entry that points to a part descriptor from

among a plurality of part descriptors in a part

information table;

reading the part descriptor;

reading a part of a file according to part pointer

information in said part descriptor that points to the

part of the file; and

decrypting said part of said file with said

decryption’ key.

2. A reproducing method according to claim 1,

wherein:

said part pointer information in said part

descriptor includes a start address and an end address
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address and said end address.

3. A reproducing method according to claim 1 or 2,
further comprising the steps of:

" reading a part descriptor corfesponding to
link information, when said part descriptor has link
informationvpointing to a consecutive part descriptor;
and

reading a part of said file based on part pointer

informatién in said consecutive part descriptor, when
said part descriptor has link information pointing to a

consecutive part descriptor.

4. A reproducing method according to any one of
preceding claims, further comprising the step of:
accessing said track descriptor based on a file

allocation table system.

5. A reproducing method -according to any one of

preceding claims, wherein:

135



10710%&' ()-f510%& ()-L3 109& ()-F1109%& ()-S,/10%& ()-& 109 ()-rrrrrrsstbC
101 f 4109 () -1 &@ 109%& ()- @ 10%& ()- 10 10

109<10%&' ()-910%& ()-tVtttu<uJudEbC 10 310%& ()-110%& ()-10%& ()-|

10%&' ()-s, 10%& ()-11 @10%& ()-Ju{uuuvWwvdEbC 10l,10%& ()-I*

10%& ()-1(GLOY& ()-&L10%& ()-$f 109& () - @ 910%&' () - vvwAwdwwdEbC

101 L9109%&' ()-137GL0%&' ()-,,510%& ()-13109%& ()-03109%& ()-1.- 10%& () - vwwww
X-X_x?ybC 10Y109%&' ()-' SS109%& ()-9S10%& ()-3 10%& ()- 10 10

10<109&' ()-?ytyLzb{;|s||dEbC 10s9&10%& ()-I7F10%& ()-/10%& () -

$10%& ()-10%& ()-1 z10%& ()-||]]|~uVK@ 10m 10n<10%m& ()-1z 10%n& ()-T S
1098 ()-- 10 10 ERigkmeoog g9inter information is an offset value

from a beginning of said file, said offset value being in

predetermined data units.

6. A reproducing method according to ‘any one of
|
preceding claims, wherein:
said part pointer information is one of a cluster

number in a file allocation table system and a physical

address of a storage medium.

7. A reproducing method according to ‘any one of
preceding claims, wherein:
said pointer information is at least one of a part
descriptor number, a cluster number in a file allocation

table system, and a physical address of a storage medium.

8. A reproducing method according to any one of
preceding claims, wherein:
said file is an audio file, and said method further
compriéing the steps of
reading an indicator of a coding system in
gaid track descriptor, and
decrypting.said'part of saidlaudio~fi1é based

on said coding system and said decryption key.
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10. A reproducing apparatus coﬁprising:

first obtaining means for obtaining track
information corresponding to a predetermined track from a
play order table having a plurélity of track information
entries, said track information pointing to a track
descriptor in a track information table;

gecond obtaining means for obtaining the track
descriptor, said track descriptor including a decryption
key corresponding to the predetermined track and a
pointer information entry that points to a part
descriptor from among a plurality of part descriptors in
a part information table;

first reading means for reading the part.
descriptor;

second reading means for reading a part of a file
according to part poinﬁer information in said part
descriptdr, said part pointér information poiﬁting‘to the

part of the file; and
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: searching for at least one of a plurality of free
areas on a storage medium, said storage medium including
a file that is stored.according to a file system;
generating a track deéariptor having a track
attribute and an encryption key to encrypt a data to be
stored as an encrypted data in said storage medium;
generating a part descriptor having a part pointer
information that points to said file;
recording said data encrypted with said encryption
key in said at least one of said plurality of free areaé;
connecting said at least one of said plurality of
free areas where said encrypted data is recorded to an
end of said file managed by said file system;
recording in said part descriptor the part pointer
information that points to said at least one of said
plurality of free areas where said encrypted data is
recorded;

. recording in said track descriptor a decryption key

so as to enable later decryption of said encrypted data,
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' information, said part pointer information having a start
address and an end address pointing to at least a part of

said file associated with said at least one of said

plurality of free areas where said encrypted data is

recorded.

13. A recording method according to claim 11 or 12,

further comprising the step of:

managing said file based on a file allocation table

gystem.

14. A recording method according to any one of

-claims 11 to 13, wherein:
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18. A recording method according to any one of
claims 11 to 17, wherein:
said file is an audio file and said data is an

audio data.

19. A recording apparatus, comprising:

means for searching for at least one of a plurality
of free areas on a storage medium, said storage medium
including a file that is stored according to a file
system;

bmeans for generating a track descriptor having a
track as an attribute and an encryption key to encrypt a
data to be stored as an encrypted data in said storage
medium;

means for generating a part descriptor having a
part pointer information that points to said file;

means for recording said data encrypted with said
encryption key in said at least one of said plurality of
free areas;

means for connecting said at least one of said
pIUrality of free areas where said encrypted data is

recorded to an end of said file managed by said file

system;
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means for recording in said part descriptor the
 part.pointer information that poiﬁts to said at least one
of said élurality of free areaswhere said encrypted data
being recorded;

means for recording in said track descriptor a
decryption key so as to enabie'later decryption of said
encrypted data, and pointer information that points to
said part descriptor; and‘

‘ means for recording a track number that points to
said track descriptor in a play order table having a play

order of a plurality of tracks.

20. A reproducing apparatus according to claim 10
operable to access data/tracks according to the method. of

any one of claims 1 to 9.

21. A recording apparatus according to claim 19
operable to record data/tracks according to the method any

one of claims 11 to 18.

22. An information processing apparatus comprising:
a reproducing apparatus according to claim 10 or 20;
and

a recording apparatus according to claim 19 or 21
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