: uvwxyz{ | } ~e3eH: H b6T: Be% TI TLE OF THE | NVENTI ON TRACK MANAGENENT METHOD
AND APPARATUS FOR MANAG NG TRACKS ON A STORAGE MEDI UM BACKGROUND OF THE
| NVENTI ON Field of the Invention The present invention relates generally to

a track hod and apparatus for functionally expa

magnet 0- 0 &“mmm‘m sable by a conventional mni-disc (M) mmmmmmwmm

expansi on bel n de in such a manner as to nmmintain conpatibilitysydh the
conventi onal systewn Di scussi on of the Background The so-call ed

M ni-disc (MD), a 64 mm across nagneto-optical disc housed in a cartridge,

has gai ned wi despread accepmpéﬁ%g;ﬁ,ﬁﬁﬁge mediumto and from

whi ch digital audio data ar ed. The MD system adopts

ATRAC (Adaptive é E g) i.ts i % C ression
rethod.  ATRAC | nvERDES EBRFBUEME ERoRS aaft A st £ MeBRBLNG S "Vocr
(Modified Discrete Cosine Transforl&}. The audi o data has been acquired
t hr ough a’) ONrith &F RARE ndow. Typically, nusic data are
conpressed by ATRAC to one-fifth to one-tenth the original size. The MD
systemutilizes a convolution code called ACIRC (Advanced Cross Interl eave
Reed- Sol onon Code) as its error correction system and EFM
(Ei ght -t o- Fourt een Modul aBRAERFRAUNDt QF nEHE| ANVENTEO®hni que. ACIRC is a
convol ution code that provides dual error correction on Cl and C2 sequences
(in verti #dlelandfolidhegUawdintageiti ons). The nmethod is used to carry out a
powerful error correction process on sequential data such as audi o data.
One di sadvant ageThé AEEREntksinkantibnr egliates gdnedalily sectoortraakangenent
for data update purposes. ACI RC and

management method and apparatus for functionally

expanding a magneto-optical disc usable by a conventional
mini-disc (MD) system, the expansion being made in such a
manner as to maintain compatibility with the conventional

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 digital 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

audio data has been acquired through a predetermined time



EFM are basically the sane as those enployed in a conventional conpact disc
(CD) system For nusic data nmanagenent, the MD system uses U TOC (User TOC
(Tabl e of Contents]). Specifically, a U-TOC area is furnished on an inner
side of a recordable area of the disc. For the current MD system U TOC
constitutes the track (audio track/data track) title sequence and
managenent information that is updated to keep up with the recording or

del etion of such tracks. Under the U TOC schene, each track (i.e., parts
constituting each track) is managed in ternms of start position, end
position, and node settings. 2 The disc for the MD systemis snall

i nexpensiwgndand afieics1099d meiRdiadadld et coMifesisell By Afrenswstemto
record or reproduce audi o data. These advant ages have enabl ed the MD system
to gain viglesps@ad wr&%-@&mpt%%rf%iﬁgfomé,ed by the present
inventors, MD systens have not fully achieved their potential in the market

as they are not ol Koleg ol LR 199081AL, PR CUIPUEIS, iy as per sonal

conputers. Moreover, convention systens use erent file managemnment

schemes tfarpd hgxd;\ur% 'ér)fcooaéé Ofh APl Eafd A@é@%&f’o%h%é&é%egg used in

per sonal “conput ers. re dgeneral use of personal conputers and PC
based networ ki n nore and nore audi o qféﬁm?rgEdiét[%byged over PC-based
net wor ks.* O {CIE D PEST & heE 1R 5P~ 5OPErEohal conput er

to use it as an audi o server fraomwhich tao downl oad favorjite nusic files to
a portabl"&’%ﬂt%{”r‘?éﬁr Rfuci Ty "ﬁf{ig'ﬁatt’tfénftb‘?c Feer e Y IdRicti®®R As recogni zed
by the present_ i nventors, hecause the conventional MD systemis not fully
conpat i bl EHaE sGrde dftutRiVidehaltdb Y5 EnTPEreesiPanP® t hat woul d
adopt a general - purpose nmanagenent system such as a FAT (File Allocation
Tabl e) sy&k éaqd t WW—@W’T%QQ# yandg oblhiqes iareedieons\Wite, R,
"How Conput ers Wrk,

The method is used to carry out a powerful error

correction process on sequential data such as audio data.

One disadvantage of ACIRC is that it requires a linking

gector arrangement for data update purposes. ACIRC and

EFM are basically the same as those employed in a

conventional compact disc (CD) system.

For music data management, the MD system uses U-TOC

(User TOC [Table of Contents]). Specifically, a U-TOC

area is furnished on an inner side of a recordable area

of the disc. For the current MD system, 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 constituting each track)

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

mode settings.



M Il ennium Edi ti on" 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 drive on a particular disk sector, such as
sector 0. The term"FAT" (or "FAT Systeni) is used generically herein to
describe 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 sonetines New Technology File Systenm) which is the file system used
by Wndows NT operating system or optionally in Wndows 2000 operating

system for storhagsand rehy ke M RPN J eRf M| tidiidse i MIFS i1s the
W ndows NT equival ent of the Wndows 95 file allocation table (FAT) and the

G5/2 Hi g'}:rrﬁfréﬁf Cgf'ocfdl:ﬂ?a%@ét?é?}ﬂff@ - whEANNLS €y atﬂéggg%tgﬁgree of

conmpatibility mn personal conputers neans 1 ncreased risk unaut hori zed

copyi ng. f, ORI NRLIR, LAY el . gl easd%e{}é%gee% qelyl aues Lo

protect against unau copyl ng o audi o0 "wor ogi cal way
of reinforci ws_invol ves 8 tin audi o wor ks when
recor ded.® rfafbnllgesclfoqqieo Ngﬁe]s?)f "Ehta? et ﬁe#@ge ‘ﬁ elf?gt 4  nanes
recorded on the di sc be managed in a nore efficient manner than at present.
The curr &ficsidy Aftemuses a disc with a storage capacity of about 160 M,
whi ch, as recogni zed by the present inventors, is not always sufficient for
the user's requPfereROandzedaby SN BFEseNt [INVENFOTFos MR EYHANS he
storage capacity of a new disc be boosted while renmaining

backwar dasehpmt Hiwel W tachirved rihair N Esat b Sum}mymwermw NVENTI ON
It is therefore an object of the present invention to overcone the above
and ot herthisf iaste mate capatiid ke wittdd ganermltl purpessi cemputeps oduci ng

nmet hod, reproduci ng apparatus, a recordi ng nethod, and recordi ng appar at us
for efficiwit las menaginegl auohmittatss t Nomegivetrhe dantvegntdtaroMbf t he FAT
systemon MD nedia. Alternatively, other nedia formats be used as well in
| i ght of dysrdreaciienghi iffeddrer pfridseniarthgarharstr echdied eclzar stinear y"  of

sel ected aspects of the invention are provided below, this sunmary is not

L_ intended d ailie it exhaugilie/ e BAD-bsed fillle nOyetend tusdat £ and
conbi nation of attributes of the present invention. Nor is this sumary
i nt ended g-dishaonsdngindkdndependent of the other aspects of the present

With more general use of personal 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 ser&er 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 Allocation Table) system, to

enhance PC-compatibility.



5 disclosure. In carrying out the invention and according to one aspect
thereof, there is provided a track nanagenent nethod including the steps of
obtaining track information froma play order table having a plurality of
track information entries arranged in a predeterm ned play order, the track
information corresponds to a track to be deleted and points to a track
descriptor in a track information table; obtaining the track descriptor
fromthe track information table, the track descriptor including a
decryption key corresponding to the track to be deleted and pointer
information that points to one of a plurality of part descriptors in a part

i nformation tablgs agancidy theyHiredeter mnesly F&@r&‘ﬁ;ﬁ@@é w&Fka subset of
the plurality of track information entries that follow the track to be

del eted iw;iienRiefctelrioRd GhaVcOrgSFatPoRS bagasCoURt JHATr 1§3fermva' of

the track to be deleted fromthe predeterm ned pray order; readi ng the one

of 8 Pl UTEbE Qo P8l 166557 LRL OLA: 198! cGRELAEROBESWH OB RRL!

i nformation i N the trac descriptor; 1, separafing rna fife ystem a data
bl ock th ' ile.s L5 by r oipter ipfgrpmation in the
part desg$?$§€§b%$%é€5%%f?$+eg%aﬁggér %geth%ﬁ [ %Ps§§t§ﬁ$3gﬁgfg§eing t he
data block on.the file syste the part 6,  pointer information pointing to
a part of® ?m9+$%e§¥+¥ﬁ %d?ﬁ%%gthgﬂf%¥a$}?§ BFCHIf a ﬁFS@k@? freeing the
part descriptor on the file §%§tqn1 and freeing the track descriptor on the
file syst¥FEH @at JMe ST he FAT st{ s pdAT FYTHRNDr s HS8%vention is that
the file is mapaged by a file allocation table (FAT) systemin FAT cluster
units, tHERRE Yorherein fer e sribr GeEiows Bephraedngilfe data bl ock
associated with the track to be deleted fromthe file on the FAT system and
freei ng t9EStRMS, MR idanintrnded g stevenhthe t freghf icbFhEkKbasedci at ed

with the track
file systems used in DOS, VFAT (virtual FAT) used in

Windows 95/98, FAT 32 used in Windows 98/ME/2000, as well
as NTFS (NT file system; sometimes New Technology File

System) which is the file system used by Windows NT

operating system, or optionally in Windows 2000 operating

system, for storing and retrieving files on read/write
disks. NTFS is the Windows NT equivalent of 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 copying
of audio works. One technological way of reinforcing
copyright laws involves encrypting the audio works when

recorded. It is also desired that music titles and artist



to be del eted does not share a FAT cluster with a data track associ at ed

wi th another track. Another feature of the first aspect of the present
invention is that the inventive nmethod further includes the step of
searching the other part descriptor and adjusting the part pointer
information that points to another data block after the data bl ock when-a
m ddl e data block in a mddle of the file is separated fromthe file and
freed on the FAT system Another feature of the first aspect of the present
invention is that the part pointer information in the part descriptor has a
start address and an end address pointing to the part of the file, the

met hod fuphhes rdcordBgl 8Hi Het H8s&t BE AhnsgRar ahi A0mbremetriecfikhe the data
bl ock as the part of the file based on the start address and the end

addr ess aggnﬁégetﬂgntgg gkaeht ock on the FAT system Still another feature
of the first aspect of e present invention is that nmethod al so incl udes

steps of readi ngna RALL, éj‘ﬁ:;g@ Péf}{(ﬁt&?ﬂ@éQoé'ddf&tﬁléﬁe lé@cgrégﬂ ormation

when the part descriptor ormati on poi nt1ng Secutive

part_descrLplor. a0d sepg Eaiwgm{arom,w rgcgggilzggogyegﬁsoc' ated wth

the part p orna ronrn tThe par descrlp r—an ﬁg the data

bl ock on the FAT s% g1mhen t he i descrl % Ilnk bnfornation

poi nti ng PoPRB" cHNEBLLTT Ve pAIEC e§ Prptor™ 19é?n faFt FBF feature of the
first aspect of the present invention is that the oipter ipformation
s’ an of (88T V3| TETHBRTEnbebPAniRGA o EORBIET | €18 ripr chiLR IR HERA dat &
units. Even a further feature of the first aspect of_ the present i nvention
i s that t%@abaP?ep%F%¥%$elﬁ?%?ﬁﬁfYoﬁfl§ BRY gisg bpubPeptrgnBilen a file

al location table system
remaining backwards-compatible with the current MD system.

SUMMARY OF THE INVENTION

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
apparatus for efficiently managing audio data through the
integration of the FAT system on MD media. Alternatively,
other media formats be used as well in light of the
teachings of the present disclosure.

While a “summary” of selected aspects of the
invention are provided below, this summary is not
intended to be an exhaustive listing of all novel
attribuées and combination of attributes of the present
invention. Nor is this summary intended to be construed

independent of the other aspects of the present



and a physical address of a storage nedium Yet a further feature of the
first aspect of the present invention is that the file conprises audio
data. 8 According to a second aspect of the present invention, an

i nventive apparatus is provided that includes first obtaining neans for
obtaining track information froma play order table having a plurality of
track information entries arranged in a predeterm ned play order, the track
information points to a track descriptor in a track information table for a
track to be del eted; second obtaining neans for obtaining the track
descriptor fromthe track information table, the track descriptor including
a decryptd QL K&y,£Lorresponding to the track to be del eted and pointer

i nformation t]hat points to one of a plurality of part descriptors in a part
i nformation tahle; vVanci s faqr vanci edeterm ned pl ay
order of a sub?é’t N ard?ﬁigl%r&t}rtgrtﬁpey ot ?rgglc i%\rp%rgn%(fe?lg#\ngit?? gé'gsn? hat foll ow

the track to be deleted in th det er mi ned p d t t
for a reMURIC I ATRET ack A bE AT EIFS ront FRES JPedReERiihed pl ay or der

r eadi ng rrear}ts%{o,r readj ng the one Of%ﬁ lural ity of part descriptors that
cor r esporRREAR tHREPHTRECHN VTR i CR LAY Atk e st PYBRE 1P r st
1, nmeans for separating in a file systema data block as a part of a file
speci fi edFHRM AR136i PEIRT | FRRYFEIGHT P t PRt AeREr i FREF fromthe file
managed by the file systemand freeing the data block on the file system
the 9 plfopmatien enfiviemtaormpdeGhting tpredetermied 2laY| e having a
plurality of data bl ocks; second neans for freeing the part descriptor on
the fil e aydgemtlendtddk dimbermat oon feeeregponds t tack thesckipedpeon t he
file system A feature of the second aspect of the present invention is
t hat t he delexad armhaggethty @ fd [eradtk cdedcoiptebl en (FATYacystem i n FAT
cluster units, the first nmeans, when the data bl ock associated wth the

information table; obtaining the track descriptor from

the track information table, the track descriptor

including a decryption key corresponding to the track to

be deleted and pointer information that points to one of

a plurality of part descriptors in a part information

table; advancing the predetermined play order for a

subset of the plurality of track information entries that

follow the track to be deleted in the predetermined play

order so as to account for a removal of the track to be

deleted from the predetermined play order; reading the

one of a plurality of part descriptors that corresponds

to the pointer information in the track descriptor;

separating in a file system a data block that is a part

of a file specified by part pointer information in the

part descriptor from the file managed by the file system

and freeing the data block on the file system, the part



track to be deleted does not share a FAT cluster wth a data track
associated with the other track, separates the data bl ock associated with
the track to be deleted fromthe file on the FAT systemand frees the data
bl ock on the FAT system A further feature of the second aspect of the
present invention is that it includes adjusting neans for, when a data
block of a mddle of the file is separated fromthe file and freed on the
FAT system searching the other part descriptor and adjusting the part
pointer information pointing to a data block after the data block. Still a
further feature of the second aspect of the present invention is that the
part poi HAmddH it idh I Mdig desd igde JRsche stald &gy ess and an
end address pointing to the part of the file; the first neans for

separ ati Rg1rRAd N Jid& it G FHLLH1 Rcd N R ind he %af@e file based

on the start address and thé end address and freeing t ta block on the
FAT syst 10t e Ure 3 J t resent
i nventi o?glssc t hat tk?ggfﬁ}{egféllggar?g{s%n%qﬁg%ﬁl stcl'?(:'lf p‘{%gradﬁas i nk

i nformatign painting t secutj.ve part descriptor, reads a part
descri pt oresccﬁlrpeq;sopro%)df %‘gha% gﬂtqhee ﬁlﬂ’itsrﬁ?%f‘nf ormati on, and separates fromthe

file a data bl ock_associated with the part poipter infornation in the part
descriptor and #rEeatthe ‘agt'éh%lglc %ng?rf’h%c A?Psglé?eﬂ?eﬁﬁn ven furt her
feature of the second aspect of_ the present ipvention s that the part

poi nter AAPEAEQOAS £ &t Lealife “farfiﬂﬂetcﬂ }beagifﬁr?ieng of the file in
predeterm_ned data units. (data block / sound franme) Still anaqther feature
of the séddmFaddidritaiila nd'Afe SRt athightBAdh Glghet WhHe Hart$oi nt er
information is at |east one of a cluster nunber in a file allocation table
syst em ametgsh\isirddiernddrdsslisn &ha Gtape dedanaratiing dheg @attver feature

of the first aspect of the present invention is that the file conprises
audi o datdock associated with the track to be deleted from the

file on the FAT system and freeing the data block on the
FAT system when the data block associated with the track
to be deleted does not share a FAT cluster with a data
track associated with another track.

Another feature of the first aspect of the present
invention is that the inventive method further includes
the step of searching the other part descriptor and
adjusting the part pointer information that points to
another data block after the data block when-a middle
data block in a middle of the file is separated from the
file and freed on the FAT system.

Another feature of the first aspect of the present
invention is that the part pointer information in the
part descriptor has a start address and an end address

pointing to the part of the file, the method further



According to this invention, a track information file and an audi o data
file are generated on a disc serving as the storage nedium These are the
files managed by the so-called FAT system 11 The audio data file is a
file that accommpdates a plurality of audio data itens. Wen viewed from
the FAT system the audio data file appears to be a very large file. The
conposition of this file is divided into parts, so that audio data are
handl ed as a set of such parts. The track information file is a file that
descri bes various types of information for nmanaging the audi o data
contained in the audio data file. The track index file is nade up of a play

or der tab{ﬁcl@dﬂﬁé’%lﬁl@@ef'@ﬁ %Fﬂ%)argni;% efr&ngtFkgé’pflI‘éoﬁﬂ@t&QE‘atab' e a

track information ta part on ta and a nane table. The

ol.ay or dei dabl e 106l a8 ARSI e Sl % gL TSPLACUERRODGJoT | ned by

defaul t. such, ay or e contains rnformation representing
links to track descri rs correspaondi.n track nunbers (i_..e., sic
title nur¥ SSH“? neqci}e‘%&é%ﬁf i r“i\flglr ie&ﬁl%t tatgllee daa%% béﬁ?g? é’rﬂré:dqeplFaf&J or der
tabl e contains the order of audio data reproduction defined by the
i ndi vi dudiYSk&®: As such, the progranmed play order table describes
programmed track informatjon representing links to the track descriptors
correspondi ng t8tihé epatRerufBetereTRE ghﬁuleﬁFoPﬁﬁ?FSnoﬁaﬁhé descri bes
i nformation about groups. A group is defined as a set of one or_nore tracks
havi ng seryegent aokveniist sis dihat smathad gHes@ringludegreLepacks with
programed serial track numbers. The track information table describes
i nf or mat ixgrdita tpack despriadan iqarraspending ¢ @peciinkal |y, the track
information table is made up of track descriptors representing tracks
(rusi ¢ tiinfasnatBamh wheat klde gatitptdwscriptor has link information
pointing to a consecutive part descriptor, and separating
from the file a data block associated with the part
pointer information in the part descriptor and freeing
the data block on the FAT system when the part descriptor
has link information pointing to the consecutive part
descriptor.
Yet a further feature of the first aspect of the
present invention is that the part pointer information is
an offset value from a beginning of the file in
predetermined data units.
Even a further feature of the first aspect of the
present invention is that the part pointer information is
one of a cluster number in a file allocation table system
and a physical address of a storage medium.

Yet a further feature of the first aspect of the

present invention is that the file comprises audio data.



describes a coding system copyright managenent information, content
decryption key information, pointer information pointing to the part nunber
serving as the entry to the nmusic title of the track in question, an arti st
nane, a title nane, original title order information, and recording tine

i nformation about the track in question. The part information table

descri bes pointers allowi ng part nunbers to point to actual nusic title

| ocations. Specifically, the part information table is nade up of part
descriptors corresponding to individual parts. Entries of part descriptors
are designated fromthe track information table. Each part descriptor is

conposed of a Shﬁ%bra@ﬂge%% andea2bnend spddie T Q%%A?%é&gﬂqin question in
the audio data file, and a link to the next part. en audi o data are

desired t%npgnéﬁgﬁﬁd egn$ég@1@ep€%%£fg£@§ %éag¥ov58£§rEﬁBE0” about the

designated trac er 1sretrie rom-t ay order table. The track

13 1 odSCLA QA GOF] £9PONY 00,10, {ReLL Bk, TLBOLIALEY Laargpr oduce the

audi o data'is en-acquire ofmation rs arned fromthe
applicable track descriptor ip.the track information_ table,.apd the part
descripto+n#?im%5i?ﬂgﬁfﬁh %r%ga%dﬁf ?ﬁi%ﬁbgﬁtbﬁvﬁaﬁaaig ﬁﬁab?E¥d9 From t he
part descri$tor, gccess,is ained to the Iacation, ig the audi.o data file,
of the filtEECHatRiQHM SR MgRtFESRTTRAZSNdIB AaPLedgRETBAREdare retri eved
fromthe accessed | ocation. The reproduced data fromthe |ocation are

decr ypt ecdPRY ngrdere: aeldfti Y erCk el F oFBR FbPR 0RO BE S atigi ® BBERSKr epr oduct i on.

If the part descriptor has a link to another part, the |inked part is
accessed @@eC¥ietebhole ateprchrinkeprtiten BRrEr DESCR Prack BF FeE

DRAW NGS These and ot her objects of the invention will be seen by reference
to the dedekétprdonsecend@robtatwin@oneéans for obtaining the track

descriptor from the track information table, the track
descriptor including a decryption key corresponding to
the track to be deleted and pointer information that
points to one of a plurality of part descriptors in a
part information table; advancing means for advancing the
predetermined play order of a subset of the plurality of
track information entries that follow the track to be
deleted in the predetermined play order so as to account
for a removal of the track to be deleted from the
predetermined play order; reading means for reading the
one of a plurality of part descriptors that corresponds
to the pointer information in the track descriptor; first
means for separating in a file system a data block as a
part of a file specified by part pointer information in
the part descriptor from the file managed by the file

system and freeing the data block on the file system, the



wi th the acconmpanying drawing, in which: Fig. 1 is an explanatory view of a
disc for use with a next-generation MD1 system Fig. 2 is an explanatory
view of a recordable area on the disc for use with the next-generation M1
system Figs. 3A and 3B are explanatory views of a disc for 14 use with a
next - generation MD2 system Fig. 4 is an explanatory view of a recordable
area on the disc for use with the next-generation MD2 system Fig. Sis an
expl anatory view of an error correcting code schenme for use with the

next - generation MD1 and MD2 systens; Fig. 6 is another explanatory view of
the error correcting code schenme for use with the next-generation MD1 and

MD2 syst it Rldlintler SiLAHRET i X PR iy b eyv 9drt hef eEROr ££€DET ecti ng
code schenme for use with the next-generation MDL and MD2 systens; Fig. 8 is

a per Speq{d\)ﬁ%é“ae‘%lQIraaiﬂ'!lfcoﬂmiatdaorbm! NOs EQYh @@l e85 ST gnal i's
gener at ed usi g wobb ig. 9 is an explanatory view of an ADI P signal

101 5" anar ey kg ndr B Vis B Pha AT 2?%%% PP LB ot rent
VD systemand the: nexde enorall 00, MLasuatem ol g, 1hd 4 eg;g%@ew ory

view of an AD use W € NEex generatlon em " Fig. 12
i s anot her expl 0 view of the ADLP_si I use with the

next - generationghgﬁ é%g ﬂfli%e Sﬁ?and1§spgcg Sgh R&t PESFRBY showi ng

rel ati ons between the AD P |gqg and frames éor the c rrent MD system and
the next lg"éfr?é’rtaﬂrbr%%véfwstystﬁﬁn ile is manage

allocation table (FAT) system in FAT cluster units, the
first means, when the data block associated with the
track to be deleted does not share a FAT cluster with a
data track associated with the other track, separates the
data block associated with the track to be deleted from
the file on the FAT system and frees the data block on
the FAT system.

A further feature of the second aspect of the
present invention is that it includes adjusting means for,
when a data block of a middle of the file is separated
from the file and freed on the FAT system, searching the
other part descriptor and adjusting the part pointer
information pointing to a data block after the data block.

Still a further feature of the second aspect of the
present invention is that the part pointer information in
the part descriptor has a start address and an end
address pointing to the part of the file; the first means

for separating from the file the data block as the part

10



Fig. 14 is a schematic view indicating relations between the AD P signal
and franmes for the next generation MDL system Fig. 15 is an explanatory
view of a control signal for use with the next-generation MD2 system Fig.
16 is a block diagramof a disc drive unit; Fig. 17 is a block diagramof a
media drive unit; Fig. 18 is a flowhart of steps for initializing a

next -generation MDL disc; Fig. 19 is a flowhart of steps for initializing
a next-generation MD2 disc; Fig. 20 is an explanatory view of a signal
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; Rif.tiRd #5l@ BAouehastcil Stoeps sdambishabdecrisendrive unit al one
reads data froma FAT sector; Fig. 24 is a flowhart of steps in which the

disc driyv sect m2d is a
£dd Steps@efi%éfﬁ? el ad & B T4k 568 mgﬁgutga

fl owchart of or generating a signal recor Flg 26 is
anot her flomcha er.at 139 C bi t map; Fig.
27 is anot her f FBQ? Egéﬁggg 5§ggﬁgr§??ﬁ§ t %bganngkg%brdlng

bi t map; |s an & anat Vi.,ew flrst ex f an_audi o data
mnagerer $39te A Sl SR P Sk P8t e RGBT E e f or
use with the fjrst ng{e of t e audjo dat @ nmanagenent syste Fig. 30 is
an expl a5 R ¥ VG AREHTRRE ¥R PIHPEIRE WPt A TRRSEFY fV%xaane of

t he audi o data_nmanagenent s s en1 qui 31 is, an explanatory view of a play
or der part descriptor, S a part descriptor corresponding to

the link information, and separates from the file a data
block associated with the part pointer information in the
part descriptor and frees the data block on the FAT
system.

An even further feature of the second aspect of the
present invention is that the part pointer information is
an offset value from the beginning of the file in
predetermined data units. (data block / sound frame)

Still another feature of the second aspect of the
present invention is that the part pointer information is
at least one of a cluster number in a file allocation
table system and a physical address of a storage medium.

An even further feature of the first aspect of the
present invention is that the file comprises audio data.

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.

11



table for use with the first exanple of the audi o data managenent system
Fig. 32 is an explanatory view of a progranmed play order table for use
with the first exanple of the audi o data nanagenent system 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 34B are
expl anatory views of a track 17 information table for use with the first
exanpl e of the audi o data managenent system Figs. 35A and 35B are

expl anatory views of a part information table for use with the first
exanpl e of the audi o data managenent system Figs. 36A and 36B are

expl anatory Vi evweOf @ iRaR thal#ig of Qs Us € iWid tHdte dddohimfagy & of the
audi o data managenent system Fig. 37 is an explanatory view of typical

processi ng perf oLed by,d 18 dddSt Exaup! ﬁlh%fn theiidli G- gata, Jranagenent

system Fig. 38 I's an explanatory view show ng how each name slot in the
oxpl anat o S fne s TS RAL LR RPN R o T AR e audi o
daia mageen LA IR SRS 1O U AR AR L ks B0 40 1
Shcond oA b TR PR S o Pgh Bta e
expl anat ory Vie%h%ft%a%&?%gfggﬁgﬁi%% file is a file that describes
various types of information for managing the audio data
contained in the audio data file. The track index file is
made up of a play order table, a programmed play order
table, a group information table, a track information
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 links to
track descriptors corresponding to track numbers (i.e.,
music title numbers) in the track information table.
The programmed play order table contains the order
of audio data reproduction defined by the individual user.
As such, the programmed play order table describes
programmed track information representing links to the
track descriptors corresponding to the track numbers.
The group information table describes information

about groups. A group is defined as a set of one or more

tracks having serial track numbers, or a set of one or

12



file for use with the second exanple of the audi o data managenent system
Fig. 43 is an explanatory view of a play order table for use with the
second exanpl e of the audi o data 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 managenent system Figs. 46A and 46B are

expl anatory views of a track information table for use with the second
exanpl e of the audi o data managenent system Figs. 47A and 47B are

expl anat Qpyr¥i E¥Sc05 @i PRMBroGRhAnd T &S Eal t PatRengfEORd, exanpl e of the

audi o data managenent system~Fig. 48 is an explanatory view of typical

processing perf gued y *’i%m&%%’%]ﬁ ﬁeé{%ﬁ?@g‘%ﬁnﬁa gement

system Fig. 49 is an explanatory vie oW ng exanpl e of
the audio ivVi Ll e %gt W intq.a
pl ural i tya%%ﬁ?n%ﬁg%@gggf é}%gé%‘g%%{;% n&{hll%g%xggg#e%ré; Caléﬁcg‘ﬂ ]’EYU iq"shean
expl anat of viemﬁge icting h t he second exapple of the audjio data
nanagenen?¥%9§t% %%#ﬁﬁi?g T%%% st UsTHY" t R ?ﬁ3%§a§%h RS EPT81 is an
explanatorg viem/indicating how t he second exanpl e of the audio data
management CRYRE T HoPneERCKE r FERE1Gst Mgl @bt hdrr S Hdmek MeRCTigiRNd 528
are explanatory views sketching how managenent authority is noved between a
per sonal @FPLiRes MdCAHIS cSFF B, (FPRY EbTRE cCRRMaFB2RMW t h dependi ng on
the type of data to be witten to a disc |loaded in the drive unit; Figs.
53A, 53B, igferBadiere evplematdegrypeinn i keyistrEernat ben auplpbner a
check-out procedure; -

information pointing to the part number serving as the

entry to the music title 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 part information table describes pointers

allowing part numbers to point to actual music title

locations. Specifically, the part information table is

made up of part descriptors corresponding to individual

parts. Entries of part descriptors are designated from

the track information table. Each part descriptor is

composed of 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 desired to be reproduced from a

particular track, information about the designated track

number is retrieved from the play order table. The track

13



Fig. 54 is a schematic view portraying conceptually how t he next-generation
MD1 system and the current MD system may coexist in the disc drive unit;
Fig. 55 is an external view of a portable disc drive unit; Fig. 56 is a
flowmchart of steps carried out by the disc drive unit in formatting a disc
| oaded therein; Fig. 57 is a flowhart of steps carried out by the disc
drive unit in formatting a virgin disc |loaded therein; Fig. 58 is a

fl omchart of steps carried out by the 20 disc drive unit in recording
audio data to a disc |oaded therein; and Fig. 59 is a flowhart of steps
for switching fromthe disc format of the next-generation MD1L systemto the

di sc for s dou CBF R pdYIA i tteim £ HESGRI 4 | &b FwH#m RREFERRED
EMBODI MENTS The foll owi ng description is divided into the follow ng 10

sections:]_,etlj[%rt dd %é)]::?J %r&gqg%mtﬁ%@irgscs 3. Signal formats 4.

Structure e recordi ng/reproduci ng app tus 5. Initialization of

next-generationK %?%ggrmggighsgg QheFi%%Eaﬁﬁ%?gkgcﬂFt%@e audi o data

managenment syste econd“exanpl € 0 e au ata managenent system.8.
oot a1 O CETARLL O I "SR O Pt ) one o1
Q/S;Lt ?r/nSt %n;bv{é’h a;[nrlie t uer rpean:;[t: I\é%ssc)lx'sfpetncgrzjindildatQj.JrEgl itr}?e Oafréabe recording

containing entry data is acquired. From the part

descriptor, access is gained to the location, in the

audio data file, of the first part containing the desired

audio data, and data are retrieved from the accessed

location. The reproduced data from the location are

decrypted using the acquired key information for audio

data reproduction. If the part descriptor has a link to

another part, the linked part is accessed and the above

steps are repeated.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects of the invention will be
seen by reference to the description, taken in connection
with the accompanying drawing, in which:

Fig. 1 is an explanatory view of a disc for use
with a next-generation MD1 system;

Fig. 2 is an explanatory view of a recordable area
on the disc for use with the next-generation MDl1l system;

Figs. 3A and 3B are explanatory views of a disc for

14



The recording/ reproduci ng apparatus according to the present invention uses
a magneto-optical disc as its storage nedium The physical attributes, such
as fornfactor, of the disc are substantially simlar to the disc utilized
by so-called MD (M ni-disc) systens. However, data recorded on the disc and
how the data is arranged on the disc differs froma conventional MD. Mre
particularly, the inventive apparatus enploys a FAT (File Allocation Table)
systemas its file managenent system for recording or reproducing content
data such as audio data, so that conpatibility with existing persona
conputers is ensured. Once again, the term"FAT" (or "FAT Systeni) is used

generi cal ¥eh@i €hNat Qe lES§ELELa Y 8EHOMS2 PEyhRagd file systems, and it
intended to be descriptive of the specific FAT structure used in DOS, VFAT

(virtual FAT) used;in WHdone 08 AT Bled!SsE é%@&?@ﬁ@g%%@émw as

well as NTFS (NT fi1le system sonetines New Technol ogy Fi ystem which
is the fi t S b, ' aL | r ionally in
Windows 2000 55 ngosy MeerE i Y FRE kR BETbE el sPRLERET

read/ wite disks,. Co red w ththe convention MD system the

recordi ng/ r epr OZFulcq'ngrg)gipspaarnated?loafm’t%oeryz2Vle“|' n?a/%en Ii"o%%ﬁ%? an inmproved error
correction s¥sten1and gn advance nndulatlog tﬁchnigue designed to boost
dat a st or GEFCAbEEF t AN ST TN CT RAsReTaV it etk ifi P X FEFPREFFSPE, the

i nventive appar at us encré/gr%s content data and takes measures to prevent

il legal MPh 2BPyYRY S¥BC®¥R2ure copyright protection for the content data.
Generally, there are two kinds of specifications, MOl and MD2, devel oped by
the present invéhitbr$ fist AR FIAHRIBN WP T chte TReraD1
specifications involve the use of the sane disc (i.e., physical nedium as
t hat whi cee¥sectingntPge useleny fore @sesvikh Mrespsxbngerpzakben
specifications adopt a disc which has a sane formfactor as, and is

i denti cal MRkt anda¥Dy systémsdi sc of the current MD system but which
utilizes a magnetic super resolution (MSR) technique to enhance recording
density in the |Rigear? dis ectatdrer wharlsnatiny agieew apaciiey esrdwost ed. The
current MD systemutilizes as its storage nediuma 64 nmm across

magnet o- opdbireatt thg ccede | OSipshné NEdr cadié rwvilge. cH8endksecgefietralism t hi ck and
has a center hole 11 nmin dianeter. The cartridge neasures 68 nmby 72 nm
by 5 nm Mbe shaems? osgsedds shapes of the discs and cartridges are the sane
as the next-generation MDL and 23 MD2 systens. On both the MD1L and MD2

di scs, the startpippsig iigh DipdrPdc@adrd Friddf S IS PBr@fo th the
current MD system i.e., starting at 29 mm It is proposed for the

next - genegpdd; filg M Sy t £t dd éi@néi’ aLk Hbh&PaPEal Bs@hgl NELHSLYS range of
1.2 amthrough" 1.3 a m(e. g., 1.25 ~ n).” For the next-generation M1
systemw th its gdisc sStyr, ur, ' i cal . r VD

y FAigSC Sl e@é‘pll%rfad.:%ri% “Blev Ot fﬁﬁ%ﬁ e ST Sl

system the track pitch is set to 1.6 e bit ngth is set to 0.44 ~

mbit for t e J I r S t . bit for the
VD2 di sc.u‘i‘%g‘ﬂgﬁgn%igi%@%%ﬁ olmiogg%"%r?ggrin ‘Ef‘ﬁ%ﬁ%‘ﬁ&%ﬁ%ﬁ%gﬁ I'on MD1 and
t he next -l\%?fe aéti_é)nr\]- MD2 di scs. The next-generation MD2 disc is arranged to
increase 11s s¥oragb capacity in linear direction by resorting to the

magneti c super-resol ytiqn techni que. The R techni i.nvol ves taking
idn 5% 5% iR

advant age of a $p&ki fi% HhéRS fr eV iHat Arfough 1 ayer
beconmes magnetjcal ly neutyal en a particular tenperature is reached,
al | owi ng i%o’x”/\dl‘*’r% h EYTLERY MY Y T5°1 ‘?‘%‘Seﬁ’%‘?a{‘?%‘l ayer to

nove in such a nmanner_that infinitesimal markings are viewed apparently
| ar ger urRRACRHAMMPbtSYSIRR/ i s, the next-generation MD2 disc is

constituted by a nmagnetic |ayer acting as a recording 24
Fig. 11 is an explanatory view of an IP 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;
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| ayer for recording at |east data, by a cut-through layer, and by a
magnetic | ayer for data regeneration, all deposited on a transparent
substrate. The cut-through | ayer serves as a |ayer that regul ates swtched
connective force. Wien a specific tenperature is reached, the cut-through

| ayer becomes magnetically neutral to let the nagnetic walls transferred in
the recording | ayer be shifted into the regenerative nagnetic |ayer. This
allows infinitesiml nmarkings to becone visible under the beam spot. For
data recording, a laser pulse magnetic field nodul ation technique is
adopted to generate m nuscul e markings on the disc. On the next-generation

MD2 disc, groovesara3ngee sderprimatian widu shduituentd ed oM di sc and
their gradient is steeper as well so as to inprove de-track margins and to

reduce | angkjdchicack AOBSt dna WO er Sd (el £6F 0RE abkrrand fBcus | eaks.
Illustratively, the grooves are in an inclusive range of 160 nmthrough 180

nm deep. Jee g oe HEAUSN - dendiadibh MblskygcLange of 60 through 70
and t u

degr ees, e groove wdth 1s 1n an inclustve range of 600 nmthrough

700 nm on the nexly 080t L0 Manalliof i/ RAdi e dde APIdERby

speci fications, the next generation as | aser wavéfength ~ set

to 780 2 nm.a it neric aperture t0-0.45 for an objective |lens
in an optﬁ?%%ﬂ'e%a € Llla?(fé‘%lvisslé?n%eargchég‘%"é%%ﬁ.o%hweﬁgéc has its | aser
wavel ength ~ also set 1o 780 nmand its nunerical aperture NA to 0.45 for
the obj ecITVRFIEHE P YT cal head. The next-generation MDL and ND2
systens both ad%pt the so-call ed_groove reqordkgg system as their_ recording

scheme. That isFigrodvedSaf® FFPHERSPEY HEWIYe & HFHTPhsS ks for

recordi ng_and reproduction purposes. As its error-correeting code system
the exi stfemy use with the next-generation MD2 system;

Fig. 16 is a block diagram of a disc drive unit;

Fig. 17 is a block diagram of a media drive unit;

Fig. 18 is a flowchart of steps for initializing a
next-generation MD1 disc;

Fig. 19 is a flowchart of steps for initializing a
next-generation MD2 disc;

Fig. 20 is an explanatory view of a signal
recording bitmap;

Fig. 21 is a flowchart of steps for reading data
from a FAT sector;

Fig. 22 is a flowchart of steps for writing data to
a FAT sector;

Fig. 23 is a flowchart of steps in which the disc
drive unit alone reads data from a FAT sector;

Fig. 24 is a flowchart of steps in which the disc

drive unit alone writes data to a FAT sector;
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MD systemutilizes a convolutional code based on ACI RC (Advanced Cross

I nterl eave Reed- Sol onon Code). By contract, the next-generation MD1L and MD2
systens enpl oy a bl ock conplete code that conbi nes RS-LDC (Reed Sol onon
Long Di stance Code) with BI'S (Burst Indicator Subcode). Using the block
conplete error-correcting code elimnates the need for |inking sectors.
Under the error correction schenme conbining LDCwith BI'S, the |ocation 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 systemis the so-called wobbl ed groove system whereby a
single spiral grEaey.e Jss ifOrITEd owtiHh OIF Htdgss Kot Neer@0vEnd sa f | anked by
26  wobbl es furni'shed as address information. This type of addressing

systemis n Pregroove). The current MD system and the
R RO T e oy

next - gener a ens differ in linear density. Wereas the

current MD syst %‘I‘gﬁd(}%t § Pardthed ,\%f (frrﬁ%[éjpgs e%

cal l ed ACIRC t hé“rnext - generati on Sys
bl ock co | et e code conbinin a result, the current MD
system a ?%@ e éhaeﬁ%ﬁ? Rﬁﬁ?iékpﬁéb €§§?9ns differ in redundancy and
have different rel ative .positions b ADI P. and dat For these reasons,
the next-generatfitéh BOL 1S &Mh %ﬁﬁff %ﬁﬁ§éF€5FQﬁ3ﬁ: Tucturally
identical to that of the current MD systenlhandles the ADIP signal in a
manner di99RAEHINT orhe R} SFRCMSI I tRAY™4Pe next generation MD2 system
is set to nodify its ADI P signal specifications for better conpliance with
the next generaffii@nh RB2 igpad Explarsteryridenafe Nrsly @RRldbpt s EFM (8
to 14 nodul ation) as its nodul ati on system whereas the-next generation M1
and MD2 syGtamsaudic jdatRingriagayent (systemun Length Parity
Preserve/Prohibit rmr [repeated mnimumtransition Limted; PP,

runl ength]), calfigd Ri9e ab Bxpd amedwiryt virews \oft en leerdinaiater £ illlee

next - generation MD1 and MD2 systens use a Viterbi decoding nmethod as 27
for use with the first example of the audio data

3 onvol utional code
s are set to use the

management system;

Fig. 30 is an explanatory view of a track index
file for use with the first example of the audio data
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 management system;

Figs. 33A and 33B are explanatory views of a group
information table for use with the first example of the
audio data management system;

Figs. 34A and 34B are explanatory views of a track
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their data detection nethod, based on partial response PR(1, 2, 1)M for
the MD1 system and on partial response PR(1, -1)M. for the MD2 system The
di sc driving system adopts either CLV (Constant Linear Velocity) or ZCAV
(Zone Constant Angul ar Velocity). Standard linear velocity is set to 2.4

m sec for the next-generation MD1L system and 1.98 nisec for the

next generation MD2 system Wth the current MD system standard |inear
velocity is set to 1.2 nisec for 60-mn discs and 1.4 nisec for 74-mn

di scs. For the next generation MD1L systemw th its disc structurally
identical to that of the current MD system total data storage capacity per

disc is 3bermdRQ HEIHMELFIOMINE 180 HHE H iSSt é@é}\gﬂsee dfeHs 7 pp

nodul ati on systemis adopted instead of EFM as the nodul ati on system

W ndow 5?1 ﬁg_%gﬁggg%éggngggég 4.0 0.666, whereby recording density is

i ncrease actor of” 1.33 nce the ACIRC systemis replaced by the

conbi nati on of ?kgy“‘BEAL§EHa§ Ehe, rggélgg%%ﬁg&lgqea%sggnh % ata efficiency

i s boosted, where r ecor enS| i ncr eased a factor of

1.48. CNer | | .t h sa dISC |n SE Qe cap i s made
appr oxi maty f“@gj‘& ett[aﬁ)é’[ gi% g‘fcq\ﬁ)aéslyrs e1 SheX tg heration MD2
disc utili ng the netic 28 super-resolutlon technlque is further
boost ed MG MY §YS5EMi near direction; the total data
storage capacit annunts t o .about one gi gabytes. At standard | i near

vel ocity, the diigsraflAj&ndefbBoaiesef® QB?F§F¥e¥lPUF PheanBRMEgener at i on
MD1 system and 9.8 negabits/sec for the next-generation MD2 system 2.

Di scs Fi §ablesiows uger yitdalther fdastr exgnliee dfeibgandia idrtant disc.
This disc is structurally identical to that of the current MD system That
is) the devegesemidsy$yenti a dielectric film a magnetic film another
dielectric film and a reflective film deposited on a transparent

pol ycar bonat e sBbgtraVfeisTar dkptasatbageviswcolfetgpiwailh a protective
film On the next-generation MD1 disc, as shown in Fig. 1, a lead-in area
on the | precessting @erfoirreke bye tbied £hilres tarcemmpileercef "thenerudist " refers to
a radial direction relative to a center of the disc) has a P-TOC (Pre
mast er eddh@a mhablgerehtCenisering] ) area. As a physical structure, this area
constitutes a pre-nmastered area. That is, enbossed pits are fornmed here to
record control Fogorsat 19naanélxplaﬁatbeyawéwl BhewiByi BBwseabhas P- TOC

i nformation. 29 On the outer side, in the radial direction, of the
lead-in aggR s1ekUdNGHN@aReTEEHALEA g SR R FaIne 2 5%:@%@5

magnet o-optical recording is possible). This is a recordable as well as
reproduchll gahea sncl uding recording tracks furnished with grooves as
their guideS. On thé inner side of the recordable area is a U TOC (User

TOC) area. The #5%§[¢§§§aah§ 1he sage ?k§1§8598 rglg§st§§t a0f the current

VD systen1|n whi ¢ch di sc managenent mation s recorded. Wat is held in

the U T gor %[?f%r%ﬁe Of pbr "f‘%s(:a%gé 313 R s ahhq_%k)datttht les and

nanagene ion M[I en over as nee to kee wth e recording
erasure o such tra

Nbre ecificall th i nformation
o o i bl EBESDL P BRLSBE brrER, thonl PR SRR, up (e
tracks) §ng node settings.
lie;
Fig. 40 is an explanatory view of a second example
of the audio data management system;
Fig. 41 an explanatory view of an audio data file
for use with the second example of the audio data

management system;

Fig. 42 is an explanatory view of a track index

18



An alert track is furnished on the outer side of the U- TOCC area. This track
contains an alert sound recorded thereon that is activated (audi bilized) by
the MD player if the disc is |loaded into the current MD system The sound
indicates a warning that the disc is for use with the next-generati on M1
system and cannot be used for reproduction with the current system The
remai ni ng portion of the recordable area (shown in nore 30 detail in
Figure 2) is followed in the radial direction by a | ead-out area. Fig. 2
shows a typical structure of the recordable area on the next-generation M1
disc indicated in Fig. 1. As illustrated in Fig. 2, the beginning of the

recordabl g; aL efof | REETw St Hed hdasetbgq b lShpBEearaptet hegabelhehr ack. A
region containing the U-TOC area and alert track has its data recorded in

EFM f or maf o S04 hate t data may be reproduced by current MD system players.
On the outaer %%‘Ee of %e area of data stored in EFMformat is an area where

data are recorquqé.n 413- 7iso%r{me3éﬂala%{rag:3)e‘{}§r\;%wf ¥ é[@ngeng eneration NMD1

system There is cl'éarance o rmned di's talted a "guard
band" bet the area of _dat.a recordings_in, EFM.format qn t he one hand,
and the a‘%’,\%sf%f %I’ét‘és%t%’r'ékégt?% §ePRP FRATPLEi B %?nﬁ?gbﬂ fiE2ot her hand.
The guard band is intended to prevent nmal function of the current NMD player
when t he T2RIFTTERE | PEYE wi t h a next-generation MDL systemdisc. At the
begi nni ng of the area of data recordings in 1-7 pp nodul ation_format (i.e.,
i nner side), théid-ard 45DBR EHFRAIREKTY ptisoh i regemai RLavser ve
track. The DDT area is designed to replace physically defective regions and
i ncl udes @r4ewr dealld for Dyse THetly the sseprndecxadmpbehost bhagaudidi um
typically based on randomy 31 generated nunbers. The-reserve track is
provi ded datacoumraripent i sydfemti on for content protection. Furthernore,
the area of data storage in 1-7 pp nodul ation format includes a FAT (File
Al l ocati on Tabl éigm.edSATlnd-AbRaeea ie<pdrarsrtearyt hatews |afivea tdmeoUpAT syst em
to manage data pursuant to FAT systemcriteria used by general - purpose
conput er sinfMirmatsipeci falshd | for tinee RATtls yshenseaond esxanpl éi b€ vhAsagenent
based on FAT chains involving both a directory indicating the entry points

of root faldto aduk4idi@tdpemass sywkanfAT tabl e describing FAT cluster link
informati on. Once again, the termFAT is

Figs. 46A and 46B are explanatory views of a track
information table for use with the second example of the
audio data management system;

Figs. 47A and 47B are explanatory views of a name
table for use with the second example of the audio data
management system;

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 management system

divides one file data item into a plurality of indexed

areas using an index scheme;
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used in a general sense to refer to a variety of different file managenent
schenes enpl oyed by PC operating systens. The U-TOC area on the

next - generation MDL disc records two kinds of information: an alert track
start position, and the start position of the area for data storage in,|-7
pp nodul ation format. Wien a next-generation MDL disc is |loaded into a
current MD system player, information is read fromthe U TOC area of the

| oaded disc. The retrieved U-TOC information reveals the alert track
position, allowing the alert track to be accessed so that its data wll
start being reproduced. The alert track contains data 32 constituting the

alert sound wariRg, (gt d e Exg driadffy Wtew dp SoOBIAtOR fd system and
cannot be used for reproduction with the current system The alert sound

may 1 UsiLabhy CoNadiple COF A Re aliBPS 288t A 8 %éghg?ggégseamnot be used on

this player.”™ Alternatively, the ert soundn e a sinple beep,

tone or o i L gn t- ation MD1 disc is | oaded
into a né%gﬁégﬁgé2%?%%ﬁigﬁ9£§%¥€§$pf%§§%,S?n?ﬁ%h&tion is read fromthe

U- TOC area of t | ogded disc.eTe rettrievve.dewU.T i nfor tiog&i}_rreveals t he
start position 6f%he arda Jhér® ®i% Are 1O ' AP Wbdut %t i on
format and allgms data to_be read.fromthe DDI, reserve track, and FAT
area. OvePetPRI aF%mRFe Af aCRE FULEC | Fr42 7m3NageUEREt FHACEBr mat, data
managenent is effected not wth the U TOC but with the FAT system Figs. 3A
and 3B sHeRPREFYPi tERCh? riing ARPLREE FEReMGenerati on M2 disc. This disc
is also made up of a dielectric film a magnetic film another dielectric
film and a ref |Fd@s-vE3H 1aRd fFo fince @ron-anatens parawt Peridukisbnat e
substrate. The disc surface is covered with a protective film On the

next - gench@w | dINA@RNeNE cautikorEhy ci @ dnovedi getween a personal

computer and a disc drive unit connected therewith
depending on the type of data to be written to a disc
loaded in the drive unit;

Figs. 53A, 53B, and 53C are explanatory views
illustrating an audio data check-out procedure;

Fig. 54 is a schematic view portraying conceptually
how the next-generation MD1 system and the current MD
system may coexist in the disc drive unit;

Fig. 55 is an external view of a portable disc
drive unit;

Fig. 56 is a flowchart of steps carried out by the
disc drive unit in formatting a disc loaded therein;

Fig. 57 is a flowchart of steps carried out by the
disc drive unit in formatting a virgin disc loaded
therein;

Fig. 58 is a flowchart of steps carried out by the
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3A, the lead-in area on the inner side (in a radial 33 di rection) 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 lead-in area
havi ng control information based on the ADIP signal. The recordable area
starting fromoutside the lead-in area is a recordable as well as
reproduci bl e area that has grooves fornmed therein as guides for recording
tracks. The recordable area has data recorded in 1-7 pp nodul ati on fornat.
On the next-generation MD2 disc, as indicated in Fig. 3B, the magnetic film
is constituted by a magnetic |ayer 101 acting as a recording |ayer for
recor di ngq g3t adrbye aus it - LH' pHEBrd aNET adQ20 &AHabYoAaNBYREt H6ahayer 103 for
data regeneration, all deposited on the substrate. The cut-through | ayer
102 servegph@sefnl aygg that regul ates switched connective force. Wen a
specific tenperature is reached, the cut-through |ayer 102 becones
magnetical Iy neuyiyal 44 {et, the nmanat ife v@éepss tf&“%ﬂ%@ﬁ’iﬁ& 16, F ecor di ng
magne 1037 Thi s

| ayer 101 to be shifted into the regenerativ tic Tayer

al l ows infyni ' kipgs,..Ln the recording | r 101 to_be yviewed as
apparentIéh%n¢§$%g§$ﬁﬁ%%rO?héh%e%%¥§ﬁ%?g%ﬁa ﬁ%nrg% n%¥3%?9etﬁaﬁﬂstic | ayer
103. Whether a_loaded disc is a next-generation MDL disc 34 or a
next - gene?atF oh°NERC of ctgﬁncﬁﬁrﬁﬁée i 763 B8sed on the information
retrieved fromthe lead-in area. Specifically, if P-TOC information in
enbossed pits is detected fromthe lead-in area, it neans the | oaded disc
is a current MD systemdisc or a next-generation MDL disc. |If control

i nformati on based RESEREPRIPD QF gHHE PREFRERRED SMBERINMENES | ead-i n ar ea,
with no P-TOC information in enbossed pits detected, it_-neans the disc in
quest i on TRe af eblevwijes dessoiphvion di s cdivded eknt @ hike néphbewbng

di stinguishing the MD1 disc fromthe MD2 disc is not limtative of the

i nventi onl0A¢eethansvel y, phase

1. Outline of the recording system

2. Discs

3. Signal formats

4. Structure of the recording/reproducing apparatus

S. Initialization of next-generation MD1 and MD2

discs

6. First example of the audio data management system

7. Second example of the audio data management
system

8. Operation during connection with the personal
computer

9. Restrictions on copying of audio data from the
disc

10. Coexistence of the next-generation MDl system

with the current MD system
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differences in a tracking error signal between on-track and off-track nodes
may be utilized in determning the disc type. As another alternative, the
disc may be given a detection hole for disc identification purposes. Fig. 4
shows a typical structure of the recordable area on the next-generati on MD2
disc. As illustrated in Fig. 4, the recordable area has all its data
recorded in 1-7 pp nodulation fornmat. A DDT area and a reserve track are

| ocated at the beginning of (i.e., on the inner side of) the area where
data are recorded in 1-7 pp nodul ation format. The DDT area is provided to
record alternate area managenent data for nmanagi ng alternate areas intended
to replace physically defective areas. Mreover, the DDT 35 area includes
a managenent table that manages a repl acenent area, which includes a

recordabl g ar t.hat titut QU t sically defective areas. The
managenen 'téﬁﬁgjﬁ%%6§yB$§%E&%§ﬁ¥igki5§%¥%$yclusters) determ ned to be
defective and al.go kegps({xac s _of the |oqgical Iustergg Sn tgﬁﬁreplacenent
area assigned t eeﬁ:le CEVRE /ST 1D G T 1T area al so
contains the U D nentjoned above. The reserve track stqres information for
content pridt REFIFRPUTPETREION 1588 3 e'ﬁa?%e‘é?é%p?ﬁ‘é?fs:dfgﬂsfz n2fhetSrea with
its data recorded in 1-7 pp nodulatiqon format. The FAT area_ is used by the

FAT syst etrPFRIfdamRGi WY ddihe Physicat afdidRubes+ Muchmditwmt, effects

data managenent pursuant to the FAT systemcriteria applicable to
gener al - praplere, pef sirrl dispmrrersubseant Tl vr edmi kapr 69i BeE dhs€he
next-generation MD2 disc. Wen a next-generation MD2 disc is |oaded into a
next - genewtail bred/oy ptayeal ledtMD afinkadi$ebnsydeemdDT dfawevewrserve track,
and FAT | ocated as descri bed above on the disc. The retrieved data are used
for data detrmgescotddy ometh\ldbystaml Hovi pire cdasanm sagarnangedli enati on
process is not needed on next-generation MDL and MD2 discs. Mire
speci fi cathey,disd tdaf femd | farom sa nodnventd sesll amDt hesere36 di scs except for
advance preparation of a DDT area, a

particularly, the inventive apparatus employs a FAT (File

Allocation Table) system as its file management system

for recording or reproducing content data such as audio

data, so that compatibility with existing personal

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

System”) is used generically herein to describe various

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

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

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

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

New Technology File System) which is the file system used

by Windows NT operating system, or optionally in Windows

2000 operating system, for storing and retrieving files
on a read/write disks. Compared with the conventional MD

system, the recording/reproducing apparatus of the
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reserve track, and a mninum set of tables including a FAT table. Data may
be directly witten to the recordable area of an unused disc and then read
therefromw thout recourse to an initialization process. 3. Signhal formats
What follows is a description of signal formats for the next-generation MDL
and MD2 systens. The current MD systemutilizes the convol utional code
called ACCRC as its error correction systemin which a 2,3S2-byte sector
correspondi ng to.the data size of a sub-code block is regarded as an

i ncrenent of access for read and wite operations. Because the
convol uti onal code schene involves an error-correcting code seguence
spanni Ng @RIl ha Dfars 8 red ledHoNREESSEYidQ HyOVedeaRq! ARKI ng
sector between adjacent sectors when data are to be updated. As its

addr essi Wﬁ:‘ée I d?ﬂa%%rf@e%i oadapls {he,ypbbl g groove schene

called A ich a single spirat groove i1s forned, an oth sides of

the groove are fl e es f i she ress.information. The
current l%osryasgceenq%(r)béclqrﬁ%/Ia\épégﬁroanlgnecgﬁ%s?&%%ss?%%éfl‘?%'r gai ning access to
t he 2,38%;b e sectort'The nextnqgneratioqéNDl and MD2 systens, by 37
contrast, L %1 FHE SERBIHR Y T SRR ATHEHE TR YRS T PRESEDC with BI S,
and regards a 64-kil obyte bl ock as an incre t of_ acgccess for read and
wite opdd g tlﬁkr‘ﬁgrﬂ?asgé’&e(ﬁ Lo RFeRtth By M FFRKIRInpl et e
code. This, however, requires that the next-generation MDl systemutilizing
the di sc 31 EREUER CORY NIy Rrahe Ry ?Urke APy 33E3n a nanner
conplying with a new recordi ng nmethod. The next-generation MD2 systemis
set to alter thEepprplévgnihespearei E¥pi Higdso ofompepificetdpns,
specifications of the next-generation MD2 system Fig. 5 6, and 7 are
expl anat ¢D \ArshW M0, tdevediopsd dor tdet iporessrst emfentese Jr hthee

next - generation MDL and MD2 systens. This error correction system conbi nes
an LDC basett -gyarmratdore MO myst@tre sThendbDill lspeicridtiedtivons gnvolve t h t he
H' S scheme shown in Figs. 6 and 7. Fig. 5 depicts a typical structure of a
code bl oadhe ndgehefl Bhahaseed eliisar - ([dare.ectphs icnde medicume). a4 tswwwn in Fi g.
5, each error-correcting code sector is provided with a four-byte error

det ect i owhgege iEDGurakatdat aistide Yyaitthed Wx iy EnNSd@stedhy iThe he
error-correcting code block that is 304 bytes long horizontally and 216

bytes | onpoveyiddGailoat oM RIS <C FilRC WHIGIC Qdfs SeCd e | Sormde up of
two- kil obyte data. As illustrated in Fig. 5,
factor as, and is identical externally to the disc of the
current MD system, but which utilizes a magnetic super-
resolution (MSR) technique to enhance recording density
in the linear direction, whereby storage capacity is
boosted.
The current MD system utilizes as its storage
medium a 64 mm-across magneto-optical disc enclosed 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 S mm,
The dimensions and shapes of the discs and

cartridges are the same as the next-generation MD1l and
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t he 304- byt e-by-216-byte error-correcting code bl ock 38 i ncl udes 32
error-correcting code sectors of two-kilobyte data each. The 32
error-correcting code sectors laid out two-dinensionally in the

304- byt e- by-216-byte error correcting code bl ock are furnished vertically
with a 32 bit error-correcting Reed-Sol onon parity code. Figs. 6 and 7
depict a typical BIS structure. As shown in Fig. 6, a one~byte BIS is
inserted at intervals of 38 bytes of data. One frame is constituted by 152
bytes (38 x 4) of data, three-byte BIS data, and 2.5-byte frame sync data
anounting to 157.S bytes of data. As shown in Fig. 7, a BIS block is forned

by 496 frmsﬁ S BB @fe dRSLTAREAMIROYLscH, BL S dat areode (3 X 496
= 1,488 bhytes |ncIudes 576-byte user control data a 144- byte address unit

nunber, %lgs% 83 @gt&grf@éd fofols reedd ngyc d%%cmipﬁ he BI S code
y

has t he e errorcorrecting code attac ed to yte data. This
code structure |de einforce'%a rrection feature Wth this
BI' S code ®r (fdtod% S"-ter’\/a]['se'o‘f 3 %gtéa “the | ocation of any
error that may i s readil] ted The err | o on i,s then used
25 Che basi 5. of o gs BEOREBACb Ao s.wawm%%ﬁb%%@ V2595 o1 gnal i s
recorded as wobbles fornmed on both sides of a single spiral groove, as
shown in ¥haf the Frackrpitghy be hid A ArGhpRive stargdretd by2 hat®i ng
address data frequency- nDduIated and formed into groove wobbles in disc
mat er i al .through dl depi ot deadtypilcdPb #aek or Fagr rdte ofexthaerBiratsiqmal for
the next-generation MDL system As shown in Fig. 9, each sector of the ADP
si gnal (ADIP sseaties With ndde ctngﬁq)fsttwttbmllsyntdd@thcabl’ghttha'gh or der
bits of an ADI P cluster nunber, eight |ow order bits of _the ADI P cluster
nunber, art dilghtcdxterADIMD system, the track pitch is set to 1.6 p

m. The bit length is set to 0.44 upm/bit for the next-

generation MD1 disc and proposed at 0.16 pm/bit for the

MD2 disc. Redundancy is set to 20.50% for both the next-

generation MD1l and the next-generation MD2 discs.

The next-generation MD2 disc is arranged to

increase its storage capacity in linear direction by

resorting to the magnetic super-resolution technique. The

MSR technique involves taking advantage of a specific

phenomenon on the disc: that a cut-through layer becomes

magnetically neutral when a particular temperature is

reached, allowing magnetic walls that were transferred to

a regenerative 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
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sector nunber, and a 14-bit error detection code CRC. The sync data
constitute a signal of a predeterm ned pattern used to detect the beginning
of an ADIP sector. Linking sectors are needed by the current NMD system
because this systemutilizes convol utional coding. The sector nunbers for

| i nki ng use are negative nunbers for sectors FCh, FDh, FEh, and FFh (h:
hexadecimal ). The ADI P sector format is the sane as that of the current M
system because the next-generation MDL systemutilizes the same di sc used
by the current |~ system The next-generation MDL system as shown in Fig.
10, has its ADP cluster Structure forned by 36 ADIP sectors ranging from
FCh to F F S d4dusty.at L {5 , ADI P
clust or | - fele p. of CHAra donst rari e ta rtnoy drng et pE

ki | obyt es_4 eac LO: 1 i .sfru re for use with
t he next-%%%é?%t?oﬁa%{$9§§s%%€§PTﬁ%€ g%?ﬁ%%%?%ﬁ§%%%é§%é %%EADIP sectors, so
that each,AD P. sect or nunb n be expressed in,four bits. Li.nking sectors
are not rdgUREETTIRE Mokt HURErERT ORURERE 375t e DECHLSE RN  y st om uses

t he bl ock, conplete error-co recting code.%ﬁg shown,jn Fi.g. 11, the ADIP
sector stT¥ETUreFUrs AR AexiYGonePati bRd t%?s?%h#?ﬂ%?udes four-bit sync
data, four high-order bits of an ADI P cluster nunber, eight md-order bits
of the AFPURFGEI¥F Fomber, Whsir 3 cﬁklec'}‘rlofgrc BiTPGREHE A FA_Er nunber,
a four-bit AD P sector nunber, and an 18-bit error-correcting parity code.
The sync ©R¢ aCebnERrowdle baxeprkgcomes PrIYREEFA hEdpREral nfastatto det ect
t he begi nning of an ADIP sector. The ADI P cluster nunber constitutes 16
bites, i.khe meghebidevalbsrtpinsfenred oinethei phcobiling haverobeor der four
bits. Since 16 AD P sectors nmake up an ADI P cluster, each ADIP sector
nunber i ssigifeedi mfouthdi regemieatetve tthageet ientax®r sySiteirg wlilawses t he
14-bit error-detecting code, the next-generation M2 system enpl oys the
18-bit erimfimbreeirha hgngmekinys conlebedame t s Neke - geder athenbéd®di system as
show in Fig. 12, each ADIP

; spot. For data recording, a laser pulse magnetic field

modulation technique is adopted to generate minuscule
markings on the disc.

On the next-generation MD2 disc, grooves are made
deeper than with a conventional MD disc and their
gradient is steeper as well so as to improve de-track
margins and to 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 of 600 nm through 700 nm on the next-
generation MD2 disc.

As part of its optical specifications, the next-

generation MD1l disc has its laser wavelength A set to 780
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41 cluster is provided with one recording bl ock of 64 kil obytes. Fig. 13
depicts relations between an ADIP cluster and BIS franes for the

next - generati on MD1 system As shown in Fig. 10, one ADIP cluster is
constituted by 36 ADI P sectors ranging fromFC to FF and fromO00 to 1F. A
recordi ng bl ock of 64 kil obytes, which is an increnent for read and wite
operations, is laid out in two portions in each ADIP cluster. Each AD P
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 bl ock
formng an increment for read and wite operations are placed in a BIS

bl ock nmadgr0f 496 £ ARSriARYi BefEore fHANMEC160. 48 EHRANMBL 508 edPev496-frane
data constituting the BI'S block” are prefixed with a 10-frang preanbl e

ranging {1 oguf{ANEn Ok 05 ELATRL . The Al Aud [ aAlTRs ALE TUtidiale 4] 1 xed wi th

a six-frame posta ranging fromtrame 506 to frane al of 512
frames of data, are thus_placed in each of the first and t second hal f of
the aD b MbasFLEe b TrB PaREr (IR ERlFRgER  BnrABRD SSBter T6h Ty ADI P
sector ODh, .the second, hal f_rangin om ADI P_sector. OEh, to ADI P sector
Fh CThe PIbaibs SUREE bRt ARFECUFE b obP ales ofds Engr GbafeeTHE data upon
| i nkage w th adj acent recordiqg | ocks. The preanble franmes are al so used
for data ¥E1S sttt FRAePREISIYBF2Anpl i tude control, and signal of f set
control. A physical address used to record or reproduce data to or froma

gi ven recor di ng BiodieXts IRGEHEH MM 13y P52 i prtensh badite adartt er, and

distinction of either the first half or the second half of the cluster.
when a phike c3¢- aafbled soreove sTefREGENg ofYaLoR| 28 bhRedhr r6@@oBdtnrati on, the
ADI P sector is first read fromthe ADI P -

scheme. That is, grooves are formed over the disc surface

as tracks for recording and reproduction purposes.

As its error-correcting code system, the existing
MD system utilizes a convolutional code based on ACIRC
(Advanced Cross Interleave Reed-Solomon Code). By
contract, the next-generation MD1l and MD2 systems employ
a block complete code that combines RS-LDC (Reed Solomon-
Long Distance Code) with BIS (Burst Indicator Subcode).
Using the block complete error-correcting code eliminates
the need for linking sectors. Under the error correcti&n
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 groove is

formed, and both sides of the groove is flanked by
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signal in question. Froma reproduced signal of the ADI P sector, the AD P
cluster nunber and ADI P sector nunber are retrieved so as to determ ne

whet her the first half or the second half of the ADIP cluster is in effect.
Fig. 14 illustrates relations between an ADIP cluster and BIS franmes for

t he next-generation MD2 system For the next-generation MD2 system as
shown in Fig. 12, 16 ADIP sectors constitute one ADI P cluster. Each AD P
cluster is furnished with one recording block of 64 kilobytes of data. As
shown in Fig. 14, the data in one recording block (64 kil obytes)
constituting an increnent for read and wite operations are placed in a BI S

bl ock madgomipn &f Ad6n{fLd®sad e PEss r oAb FaRRIdN. t or i, 0% The 496 43
frame data constituting the BI'S block are prefixed with a I0-frame preanble

rangi ng TAQMLIR, b dhale a1 ibe #4515 §4a8PSo8" fuf PrLlecosuffixed with

a six-frame postanbl e ranging fromframe 506 to frame 511° total of 512

Lo ADI P SEet o B e 5 e Sl e CheRE e BBt 0 BT A MR Lr e

to ADIP se he  pr e and pos after the
data franes_.are proyvided. t roteq%%the dat a_.upon |inkage ijgL j acent
recor di ngslﬁtcﬁ:']‘(%.éﬁ% elf)r]eréﬁ%f%e?rra SHEE- al%qsl'béo}ﬁesaégd tp"o‘? qﬂ‘h’f’%\e ﬁ‘%
settl enent, shgnﬁi aqglitude control, and sjgnal offset control. A physical
addr ess UEEFED FEWTY F THeProdice TRALEEH B FPYM A gi ven recordi ng bl ock
is designated in the formof an ADIP cluster. Wen a physical address is
desi gnat P& LUt iptal eRde GRBPIRFERT onthe naerpr pereErbionsMPlr st read
fromthe ADIP signal in question. Froma reproduced signal of the ADI P
sector, t3d AP gystanes AL | &0 thed e rbodg. camrsebetcofeting or
reading data to or fromthe disc of the above structure_requires using
various koeximing i cind BT mafisor faesuldserthsowarrnsnit Bhtsxstemnd ot her
pur poses. As shown in Fig. 1, the next-generation MD1l disc has the P-TOC
area i nclambdhea ndrwet {ganbrat gredD1l and MD2 systems differ in

redundancy and have different relative positions between

ADIP and data. For these reasons, the next-generation MD1

system with its physical disc structurally identical to

that of the current MD system handles the ADIP signal in

a manner different from the current MD system. The next-

generation MD2 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(1, 7)PP (RLL,

Run Length Parity Preserve/Prohibit rmtr [repeated

minimum transition Limited; PP, runlength]), called the

1-7 pp modulation system hereinafter. The next-generation

MD1 and MD2 systems use a Viterbi decoding method as
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Diverse itens of control information are acquired from44 the P-TCC area.
A P-TOC area in enbossed pits is not provided on the next-generation M2
disc; control information is instead recorded using the ADIP signal in the
| ead-in area. Because the next-generation MD2 disc utilizes the nagnetic
super-resol ution techni que, |aser power control is an inportant factor. For
that reason, calibration areas for use in power control are provided in~the
| ead in and | ead-out areas of the next-generation MD2 disc. Fig. 15 shows a
| ead-in/l ead-out area structure on the next-generation MD2 disc. As
illustrated in Fig. 15, the lead-in and | ead-out areas of the disc have

each a pawRiiralddy aldtUr-BiSa dethd @S BadeB P Qer £ LANt FOpPHsPoses. The
| ead-in area includes a control area that records AD P control information

The ADI P tr BaYiY:is L ahAeasr | Ras i SenE WK N rdal B Hsd e | ow
order bi tﬁg{leacao'f ]iqhbg' %ﬁPOd(;tll ug\tﬁ%r nunbéeurl. Mor e sggéef:i ficall yl?(g?%\% ADI P

cl uster er start i i of the recordabl e area and
BPe -Sldg{x. St n{rbae nﬁf‘zgt%qégn

constitutes d ne Ive value in ad-in area. As shown in Fig. 15, the

ADI P sector on e xt-gener.atiqn i.SC.I S u four-hit sync
data, eight hi ghﬂ)l r ggrscblg?s}%cl)g%t %gs%g%bggf)ﬁ’gtsefer{%g‘%e&,ﬂ;ei(g 553 % ont r ol
data (i.e., |low

order bi f the ADI P cluster nunber a four-bit
ADI P sectorSRtinbert G an°’i8£§f‘§ «;(-%PBF- 8@%@5%3“}%#1851 c‘%)lu%‘?ltﬁg) depi ct ed
in Fig. 15, the eight Iomggfder bits of the ADIPIFIust r _nunber descri be
control (ﬁ;ﬁa&%ﬁﬁ THidepny el a5, Ithdifdt i%e phds &V 591 t52€and read
power. The high-order, bits of the ADI P cluster nunber are left intact,

whi ch pemfi%ts IRiE@AG AN MDY Yy sham and i 128 &V 5R3i §9%ERe teX%t fairly high

degree of accuracy. -
generation MD2 system. With the current MD system,

standard linear velocity is set to 1.2 m/sec for 60-min
discs and 1.4 m/sec for 74-min discs.

For the next generation MD1l system with its disc
structurally identical to that of the current MD system,
total data storage capacity per disc is about 300
megabytes (on the 80-min disc). Because the 1-7 pp
modulation system is adopted instead of EFM as the
modulation system, window margins are changed from 0.5 to
0.666, whereby recording density is increased by a factsr
of 1.33. Since the ACIRC system is replaced by the
combination of BIS with LDC as the error correction
system, data efficiency is boosted, whereby recording
density is further 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-generation MD2 disc utilizing the magnetic
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ADI P sector "0" and ADI P sector "8" allow the |locations of ADIP clusters to
be known precisely at predeterm ned intervals, because the eight |ow order
bits of the ADIP cluster nunber are left intact. How control data are
recorded using the ADIP signal is described in detail in Applicants’
Japanese Patent publication No. P2002-319246, published on 31 Cctober 2002,
the entire contents of which being incorporated herein by reference.. 4.
Structure of the recording/reproduci ng apparatus Described bel ow with
reference to Figs. 16 and 17 is a typical structure of a disc drive unit
(recording/ reproduci ng apparatus) that conplies with discs far

recor di ngLEBEOGUELIAC SR Webhntfeenext raPRAER! HOBSVEY and M2 systems. 46

Fig. 16 shows a disc drive unit that is connectable illustratively with a
per sonal £0EBYLEhg 189nsILJ§ thehgrwﬁey?' aB}eee%Hdeeha rBdiLa %lt%e unit 2,
a nenory transfer~controlfer 3, a cluster buffer nmenory 4, an auxiliary

remory 5 SR GUNLsLaeL, SerbalcBUs) LBLALT AAESG0.aNG.H, @ USB hub 7.

systen1con an audro processing un medi a drive unit
2 permts recorS& g .and rgfroductlon of ta t.0 q&%%fronla | oaded di sc 90.
t

The disc 90 is & NGRS a][JiIberF’fVEYle]u‘?%Jc Yoy W et 3t FohSMRB disc, or a
current M s%sten1d|sc An intern structure of the nedia drive unit 2
will be dFSchsicliepabifs(ref %FeF fcReXb- ﬁ?@er§§l°?h@Dﬁeﬁ¥F§eF¥ansfer
controller 3 controls transfers of wite and read data to and fromthe
medi a dri #8dufli 8 DeIRRyEs/ 88RAt FOF %Fetﬁ%xﬁéﬁﬁF?r?FAHEf@chSHFFSWFer 3, the
cluster buffer nenory 4 buffers data that are read in increnents of
recordi ng bl ocks fromdata tracks of the disc 90 by the nmedia drive unit 2.
The auxiliary menory 5, under control of the nenory transfer controller 3,
stores vakiousisesns of nmanagenent information and special infornmation
retrieved fromthe disc 90 by the nedia drive unit 2. The systemcontroller
9 provi des over dligcdntsimdws a typical structure of the next-

generation MD1 disc. This disc is structurally identical

to that of the current MD system. That is, the disc is

made up of a dielectric film, a magnetic f£ilm, 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 MD1l disc, as shown in Fig. 1,

a lead-in area on the innermost side (of the recordable

area, where “innermost” refers to a radial direction

relative to a center of the disc) has a P-TOC (Pre-

mastered TOC ([Table Of Contents]) area. As a physical

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

information.
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47 inside the disc drive unit 1. Furthernore, the systemcontroller 9
controls communi cations with the personal conputer 100 connected to the
disc drive unit 1. Mre specifically, the systemcontroller 9 is

comuni catively connected to the personal conputer 100 via the USB
interface 8 and USB hub 7. In this setup, the systemcontroller 9 receives
commands such as a wite request and a read request fromthe personal
conputer 100 and transmts status information and ot her necessary
information to the PC 100. Illustratively, when the disc 90 is |loaded into
the nedia drive unit 2, the systemcontroller 9 instructs the nedia drive

unit 2 to retri ey dRnager@ntsidd orimtdd 248l heisebe oot herdige 90, and
causes the nmenory transfer controller 3 to place the retrieved nanagenent

i nformati 9Rageifi- arbAt PntNEaAHY Lha! B-#BADLY.e8. 1§ ¥eReRokAWES! fromthe
personal conputer 100 for reading a certain FAT sector, the system

Contr0||eﬁrgﬁg?ggﬁfetHg%ﬂggbaogfigglUPE%ﬁngﬂ?rggdggsggﬁﬂé | ngy +8Ck

containing t sectOr 1 n question. e retriev recordi ng ock data

are witten Lo-Lhg GLHPLCLaDYL] PMalPIRE YA HIATE GRULT L pl gkl Mmermory

transfer contr r 3. Fromthe reco ng Wi EtenTi'd the 48
cluster buffer .oeno 4, the_systemconiroller 9 retrjeves the data
constitutFﬁﬁofﬂéngeéﬁggFadgﬁﬁ&¥§%%$LV+Q#hgrPSY?FeegdEhﬁf§ gPég?Fansnitted
to the persongl conmput er 100 th%ough thg USB interface 6 and USH hub 7
under conPPoFRef IPRET s§LEenPEohE? of PEPYG2PERVBR®E LEqRelr TPFoPERE per sonal
conputer 100 for witing a certain FAT sector, the systemcontroller 9
causes th&ORbdREedrive unit 2 to read the recordi ng bl ock containing the
FAT sector in question. The retrieved recording block is witten to the
cluster buffer MMy WQmke2 dentthg M Hn gt uread ethaorefol | er 3.

The systemcontroller 9 feeds the nenory transfer
the current MD system in which disc management

information is recorded. What is held in the U-TOC area
is the order of track (audio track/data track) titles and
management information written over as needed to keep up
with the recording or erasure of such tracks. More
specifically, the management 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 the disc is loaded 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
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controller 3 with the FAT sector data (i.e., wite data? comng fromthe
personal conputer 100 via the USB interface 6. In the cluster buffer nenory
4, the correspondi ng FAT sector data are updated under control of the
systemcontroller 9. The systemcontroller 9 then instructs the nmenory
transfer controller 3 to transfer fromthe cluster buffer nmenory 4 the
recordi ng bl ock data, with the rel evant FAT sector updated therein, to the
media drive unit 2 as wite data. The nedia drive unit 2 wites the

recei ved recording block data to the disc 90 foll ow ng a data nodul ati on
process. 49 A switch 50 is connected to the systemcontroller 9. This
switch 5044 ed to. t e i t LSC L upit 1 to

ei t her tH%é%%§$-g%ngﬁiﬁ%%nﬁﬁcggsgg%%ﬁ?%gngﬁeeéﬁr?gﬁ?hﬁtggég¥gﬁgﬂln ot her

words, the djis ive unit_ 1 is capable of witing audio data to the
current %@’§§sf%%$ |§% {ké?h one of two formats: in the format of the

current MD syst or, in the format aof the next-generation ND stem The
switch 50 servegqtlgo Zh ST aug-‘é@lé‘)?& iSHTY Wﬁfa?ogptél?eat’feo%oﬁf%?}gﬁ?s set on
the disc drive unit 1. While a nechanical _.switch_is shown, an el ectrical
magnet i ¢ FehyPR i P Eh FRBPIREIRRMBL dkPf. indicared 4R F&Juntt 1 is
furnished with a display unit 51 such as an LCD (Liquid Crystal D splay).
When fed A% thl gt spied ERTID %i grae Peohrbeds9st BhecbarPsiprbieg, the
display unit 51 may display text data and sinplified icons constituting
status i Moeaatiorenreide) diae the VE-TEFtaneasand| thasadesk- braekt ed
nmessages. In its input section, the audio processing unit 10 includes

i |lustrathvetgicom corttobningithei GrEPCiaper padtabede bfagk| has i nput
circuit and a mcrophone input circuit, an A/D converter, and a digital
audi o datits npata peedorddd audEM pfooestsi sy tihat dGBeadlsbai meyudes an ATRAC
conpr essi on encoder/decoder and a conpressed data buffer nenory.

Furt her nofeprédieceditdhyp qUocassiND systen Op Ddyers Nclomashd routdesr out put

section a digital audio data

side of the area of data stored in EFM format is an area
where data are recorded in 1-7 pp modulation format for
the next-generation MD1 system. There is a clearance of a
predetermined distance called a “guard band” between the
area of data recordings in EFM format on the one hand,
and the area of data storage in 1-7 pp modulation format
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 MD1l system disc.

At the beginning of the area of data recordings in
1-7 pp modulation format (i.e., inner side)}, there are a
DDT (Disc Description Table) area and a reserve track.
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
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output part, a D/A converter, and an anal og audi o signal output part nade
of a line output circuit and a headphone output circuit. 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 analog audio signals) are input to the audio
processing unit 10. The input data are linear PCM digital audio data or
anal og audi o signals, which are converted to |linear PCM audi o data through
the A/D converter. The linear PCM audi o data are then subjected to ATRAC
conpressi on encodi ng before being placed into the buffer nmenory. The
buffered data are then read fromthe nenory in a suitably tinmed manner

(i.e, |yl amdss eqaneaheilerte AR IE!UstiEfs)id dgansferred to
the nedia drive unit 2. The nedia drive unit 2 subjects the conpressed data

thus trangfeddfshdt ath MY QGeSfoPelOhCeNE | biHPetbeofDdul ated data to the
disc 90 as audio tracks. If the disc 90 is a current MD systemdisc and if

audi o tracks ar %‘u%hl%‘glr}{gg-%r,o@%%egrfe%omﬁ he ] $6G Agd he ed) rive unit 2

denodul ates the repro data back to ATRAC-conpressed data and transfers
t he deno _qF . ' rOCessi pg; HO g menory 51
transfer q@éﬁ?ﬁ%@ a%(; t{;elau I OCPep$OagESSI nglgh#]tml%gcs%gfggtgaégg) recei ved
data to ATRAC c r i on_decodi_ng to _acquire .linear P di o data which
are out pft*Sthr o%&% ?ﬁ‘? &gt &r° 5‘6’dPgeﬁa%g‘a&uﬁ}l}tovbgartthe%ptafgrsfya?tri%l y, the
recei ved data are converted by the DA converter to apal o%%ﬁalludi o signals,

whi ch ar &S 3y PYHRIEM N & Ut ST E R athhbRet dut B¥rt. The disc

drive unit 1 may be connected to the personal conputer 100 in a manner

ot her t hALRSHBUPRHRREUSIPIRYER e Nor s 1SResifdiGaldiXy, Hie Sa%r nal
interface such as IEEE (Institute of Electrical and El ectronics Engi neers)
1394 nay FHEHATN |FFEH Dot Pohanagereered of i TAT dakainage managed

usi ng the FAT
involving both a directory indicating the entry points of

root files and directories, and a FAT table describing
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
records two kinds of information: an alert track start
position, and the start position of the area for data
storage in-1-7 pp modulation format.

When a next-generation MD1 disc is loaded into a’
current MD system player, information is read from the U-
TOC area of the loaded disc. The retrieved U-TOC
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
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system How conversion is effected between recording bl ocks and FAT sectors
is discussed in detail in Applicants' Japanese Patent Application No.

2001- 289380, filed in the Japanese Patent Ofice 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)
contai ning the FAT sector in question and then reading the recording bl ock
data fromthe disc. The retrieved data are witten to the cluster buffer
menory 4 and the FAT sector of that recording block is updated therein.
Wth its FAT sector 52 updated, the recording block is witten back to
the disc &g &I%‘ﬁt Stigd DUEFETsHBAR Wafni NDgetﬁseoeﬂébagser €8 Esnot

|n|t|aI|ze xt generation MD1 or disc. This nmeans that if a
gi ven rec t d op, EAT: sgat p an attenpt
to read tﬁﬂgrﬁgﬁg &Ke%?%d%fdm%P %f?#éﬁe%ﬂ gan atdggaa%ggrgguctlon error
because no RF ata retrieved fromthe disc, the

i S; ed. W
FAT secto?eeﬁ.%%etﬂgnb%h% %hnﬁgéﬁfﬁtt s ee@éctor al so involves first

accessing the recordi,ng bl ock contai.ni.ng the FAT sector uestion and
then reading the ChI'E‘e ﬁtng%d’lrﬁili“ad’atlglf trfeved]i%car%%uf%%laeved data are

witten to the cluster buffer, nenory 4 so as tQ extragt the target FAT
sect or ddf‘%s??%‘?n]fﬁéereW%h‘ﬁbS‘bl%rknw& PreusRe PRcHRYSLPL¥PEA"i s not
initialized, if the recording, block in_question has yet to_be used, the
attenpt thlesrrakivehs deba et a$%‘éﬁ‘11afi‘qu0?1ﬁPIPerésﬁlLWP?-ﬁ BPeBneous dat a
reproduction with no RF signal obtained. The failure discussed above is
C|rcunvent@@eb?rd@thﬁrnWﬁrﬁpmﬁmﬁiﬁmalhe accessed recording bl ock has ever
been used in the past. If the recording block is judged_unused, the
recor di ng bl ock Wietna samextotgeneast vty MEpeatiisfd dad | hgadediigrad a ecor di ng
bitmap (SRB) 53 is created to indicate whether each of the recording
next-generation MDl system player, information is read

from the U-TOC area of the loaded disc. The retrieved U-
TOC information reveals the start position of the area
where data are stored in 1-7 pp modulation format and
allows data to be read from the DDT, reserve track, and
FAT area. Over the area of data storage 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
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 f£ilm.

On the next-generation MD2 disc, as depicted in Fig.

3A, the lead-in area on the inner side (in a radial
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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 bl ock that 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 perfornmed when a personal conputer
connected to a disc drive unit conpatible with the next-generation MD1 and
MD2 discs reads data in increments of FAT sectors fromthe disc | oaded in
the disc drive unit. In step S1 of Fig. 21, the conputer issues a command
to read data froma FAT sector, and the nunmber of the recording bl ock

cont ai ni ng Lhe k4 h %ﬂ&cgluq% Aél&&t@éwpde&'hesﬁ% S Aypper in

this case I's an absol ute sector w th nunber O representlng t he

begi nni ng, of The gseiyar 00:the @'rh%cc 3R, %%e@lﬁbl%a( ddmge to see

whet her séct or has beén repl ace by an S hat € se in step
S2 the FAT.secto not j.ud ed hav epl aced an alternate

sect or, ﬁﬁbs CLspit%:hg Sar"@;e éf:t ef;e?é BT ﬁ*l“ﬁ’en? ecordi ng bl ock
whose nunber S obtained in.s In t case, S3 is reached
in whi ch 945 R’Oé%’?mait)l%rl?aecs‘%)rﬁﬁ R GM?#% FEH? ](Sj %hﬁ ock nunber is
acquired fromthe signal recordlngarltnap in step S2 the FAT sector in

quest i on FeF9UHRRAE t3F I At RHEFL G e espd el E%R , 190 act ual
read/ wite operation is to be carried out on the alternate sector I n that

case, st reromdabde el el Wit renroducdv e mren diethudider representing
the actual alternate sector is obtained froma DDT alternate table. Step $4
i s foll ognpaResstiqrn®sl vheydigh ashawideg Ofor ngceptingporalle®). to the
nunber of the recording block containing the alternate sector is acquired
from t he Bignadcomwtadld myds theep dafie 2apraded eooridihgepmap is structured as
shown in Fig. 20. If no data have yet to be witten to a given recording
bl ock, t heduiliatcia eSpometi ng to that block is
On the next-generation MD2 disc, as indicated in

Fig. 3B, the magnetic film is constituted by a magnetic

layer 101 acting as a recording layer for recording data,

by a cut-through layer 102, and by a magnetic layer 103

for data regeneration, all deposited on the substrate.

The cut-through layer 102 serves as a layer that

regulates switched connective force. When a specific

temperature is reached, the cut-through layer 102 becomes

magnetically neutral to let the magnetic walls

transferred in the recording layer 101 to be shifted into

the regenerative magnetic layer 103. This 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 MD1l disc
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illustratively "0"; if data have been witten to a recording bl ock at |east
once, the corresponding bit for that block is illustratively "1." Step S3
is followed by step S5 in which the signal recording bitmap is referenced
to see whether the recording block in question has had data witten thereto
in the past. If in step S5 the bit is judged to be "1" corresponding to the
recordi ng bl ock nunber in question 55 in the signal recording bitmap
(i.e., the recording block has had data witten thereto in the past), then
step S6 is reached. In step S6, the recording block data are read fromthe
disc and witten to the cluster buffer nenory 4. In step S7, the data

Correspofﬁ%% &t Nt &b Yl ohAIDSE8I 88 LR Xt Hackerli hEQMbLashdgyt he
bu data. If

cluster fer menotry 4 and output as rea in step S5 tﬂe bit is

j udged tgk_r}pg i‘rgg%ﬁﬁéggjg%?%%E{J??%g?t?ﬁorﬁeggéd%ggdp%ﬁg%k,g%nber in question in

t he sign recordi e recordrng as had no data
witten thereto. so far), -the tep-.S8 i s.reached, . In_step.S8, .the entire
cluster b ?%Jr&rfé#oj;{/’ 4i|fsp??ﬁ)ée%jg\f/\nofrﬂaéle?%s.lnS?@Bogﬁeflsgf‘g?I oted by step
S7 in which the data corresponding to the,target FAT sectqr ,are extracted
Fr om i neiGReeREed Heet i PR o Pedr ahh BOEDG Che FenteaaREstr o b5 i ¢
a flowhart of steps carried out when the personal conputer conpected to

the di sc i YeCURFentoMBatYBEEMALRS R FetS e T WDMh A NFR- di scs

wites data in increpnents of FAT sectors to the disc |oaded in the disc

drive uniif ¢ontyeb MmAcynatign baseden bapubBEP| SigB3lai€omuand to wite
data to a FAT sector, and the nunber of the recording bl ock containing the
FAT sect oletectpsiton e leadobraared. WhehseetBrTe@nbeformathPs case i s

al so an _
in embossed pits detected, it means the disc in question

is a next-generation MD2 disc. However, this manner of
distinguishing the MD1 disc from the MD2 disc is not
limitative of the invention. Alternatively, phase
differences in a tracking error signal between on-track
and off-track modes may be utilized in determining the
disc type. As another alternative, the disc may be given
a detection hole for disc identification purposes.

Fig. 4 shows a typical structure of the recordable
area on the next-generation MD2 disc. As illustrated in—
Fig. 4, the recordable area has all 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
management data for managing alternate areas intended to

replace physically defective areas. Moreover, the DDT
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absol ute sector nunber, with nunber O representing the beginning of the
user area on the disc. In step S12, a check is nmade to see whether the FAT
sector has been replaced by an alternate sector. If in step S12 the FAT
sector in question is not judged to have been replaced by an alternate
sector, that neans the target FAT sector is included in the recording bl ock
whose nunber was obtained in step S11. In this case, step S13 is reached in
which the bit (0 or 1) corresponding to the recording bl ock nunber is
acquired fromthe signal recording bitmap. If in step S12 the FAT sector is
j udged to have been replaced by an alternate sector, an actual read/wite

operati on, & t O bEy48E ' e Piedht NEa1s] & CERAE EngREGEE- ol N that case, step
S14 is reached i n which the recording bl ock nunber Tepresenting the actual

al ter nat ﬁé&émﬁ%oﬁé ”%Ic%lﬁ?r%ﬁ%%g Oa;" é?&@?&&biébéf’eas{&ﬁgt Sl4 i s

fol | oned tep I'n_ whi ¢ corresponding to the nunber

of the recqrdi bl ock caont ai ni ng. alte te sec is.acquired fromthe
si gnal Sé#%k#%% ??rﬁ%r %aéh%ééégﬁi éefé@Elve a%ég e

rec p. ordrng map s ¥t ucttifed as shown in
Fig. 20. If no data have yet to be itfen to,a given 57 recordi ng bl ock,
the bi t USRI AL R HHERP D) ST <of s FaePuatyoTpster {Shat a have
been witten to, a recording block at |east once, the corresgonding bit for
that bl odeterTingRthaths ef§teativesad 5P skeeps oWedchy Qt epS15 in which
the signal recording bitmap is referenced to see whether the recording
bl ock i n kr@Etabrehigtents hatn e 1Ml a¢RPRR 3Fe2 neSphgned| koin step SI15
the bit is judged to be "1" corresponding to the recordi ng bl ock nunber in
quest i on ¥ePkage sikmadefeebidr nkpdi e pc{useerst hdhediTiangdladEe has had
data witten thereto in the past), then step S16 is reached. In step S16,
t he recorabntpindkhel HED anentisaned rarovde dhex ramkovs th@rck o the cl uster
buffer nmenory 4. In step S17, the data corresponding to the target FAT
sect or i rstdmwes elxof okt bdoclonreontepitagerovnetthion i perpasasi nsi de t he
cluster buffer nmenmory 4. If in step S15 the bit is judged to be "0O"
A FAT area is also included in the area with its
data recorded in 1-7 pp modulation format. The FAT area
is used by the FAT system for managing data. The FAT
system, in this embodiment, effects data management
pursuant to the FAT system criteria applicable to
general -purpose personal computers.
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
on the disc. The retrieved data are used for data
management by the FAT system.
A time-consuming initialization process is not

needed on next-generation MD1 and MD2 discs. More

specifically, initialization is not required on these
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corresponding to the recording bl ock nunber in question in the signal
recording bitmap (i.e., the recording block has had no data witten thereto
so far), then step S18 is reached. In step S18, the entire cluster buffer
menory 4 is filled with zeros. Step S18 is followed by step S17 in which
the data corresponding to the target FAT sector in the recording block are
replaced with the wite data 58 inside the cluster buffer nmenory 4. After
the data corresponding to the target FAT sector in the recording bl ock of
interest are replaced with the wite data in step S17, step S19 is reached.
In step S19, the recording block data are witten to the disc. As

descri bedqi¥benedatpt af 8r Wadiv48Pe t Propargedohr 6/ 8 PAT seehpra a check is
made to see if the recording block containing that FAT sector has ever been

used. |f tbgerpeofdhon DhdtkaifihiaRdsunusedeatats ahe1natngegd from the

recording bl ock, and the entire cluster buffer nemory 4 is filled with

ZEros. ThﬁﬁTa{éxl?Y\%:tEa%{"%lﬂee%&‘%& 'v&%‘%éé}xﬁe%'fé’c@diﬁ"é ng an

initial value o t, no error occurs ta are witten or

tial ; o n dar’a e it ter
he t ar gt PATSbeat rnaed (E0a? fad Elleh iRd LRSREPLDR R ERGECT 20 Pen

In the precedin% e€§n$les .gatf.are.wwitten to or read fromthe target FAT
sector i ntECSRETD WhePR tHREHRT 5RO PHOTRTS s connected to the disc

drive unit conpatible with the next-generation MDL and MD2 discs. In such
cases, the FAT sector is designated by the personal conputer using an
absol ute sector nunber, with nunber O representing the beginning of the
user areas- BYiBity &8¢ i f the disc drive unit alone is used to wite

or read data to or fromthe target FAT sector on the disc, the
What follows is a description of signal formats for

the next-generation MD1l and MD2 systems. The current MD
system utilizes the convolutional code called ACIRC as
its error correction system in which a 2,352-byte sector
corresponding to.the data size of a sub-code block is
regarded as an increment of access for read and write
operations. Because the convolutional code scheme
involves an error-correcting code sequence spanning a
plurality of sectors, it is necessary to provide a
linking sector between adjacent sectors when data are té
be updated. As its addressing system, the current MD
system adopts the wobbled groove scheme called ADIP in
which 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 signal for gaining access to the 2,352-byte sector.

The next-generation MD1l and MD2 systems, by
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FAT sector is identified using a file directory entry and a FAT chain, as
shown in Figs. 23 and 24. Fig. 23 is a flowhart of steps in which the disc
drive unit alone reads data froma FAT sector of a next generation NMDL or
MD2 disc. In step S21 of Fig. 23, the relative cluster nunber of the FAT
cluster containing the target FAT sector is obtained. In step S22, the
absol ute cluster nunber of the first FAT cluster is acquired fromthe file
directory entry. In step S23, a FAT table chain is followed fromthe
starting absolute cluster nunber thus acquired, until the absolute cluster
nunber of the target FAT cluster is obtained. In step S24, the absolute

Cl ust er PR oF TR To gbt EAT T L S W Eht P S0 it e sector number
of the tagal; £AT @;@t&{twfsa gﬁarxeg%aaggpasgé %ﬁsgge@eglwk“@ jeh data

are read sec The sec reading process Is the sane
as that shown in S.in_which the disc

ste
drive uni¥® aﬁ%ﬁ%@ﬂ???é%gd%f%é%%)%P¥¢ﬁe§ vg %¥1%¢n%Q?rg%h%?%tlon MD1 or
MD2 di sc. In step S31 of Fig ive cl ust nunber of the
FAT cIust%&n%hmia?%?ﬁ r?h@rFaPBEtnPﬁéegegV ‘%%;hﬁﬂﬁhrﬁﬂﬁp FF1eB32, the
absol ute cluster nunber of the first FAT cluster is acquired fromthe file
di r ect or yTiht r IOWVRF o pr&@8ire ettt the RexhgeneSat PR MRY from t he
starting absolute cluster nunmber thus acquired, until the absolute cluster
number of SY$fe® vyl 1 FATT cthe t &S obHihe nedrrent MRpSEIEEMt he absol ut e
sector nunber of the target FAT sector is obtained fromthe absol ute
cl uster regderandge tte tAPLRtsIRL| Ustermamien compbpbad wietezt or nunber
of the target FAT sector thus acquired, step S35 is reached in which data
are writtmewtreddied Ay sethod. The secttogesthetsnbiarnt iIMDP prystess iiss t he sane
as that shown in Fig. 22. In the precedi ng exanples, the signal recording
bi t map shoan td £ltger 26he SADERE G ignalet syan Nl adiet dves  tdecaomsy di ng bl ock
containing the target FAT sector has ever been used before. The FAT is
i |1 ustratwieh ye@nagediENcaBLHREEOES thk et -lgahheitiAh MDsteysced)si ng the

FAT information makes it possible to check whether any given FAT sector has
been used in theipasts, Baseehdon Ghe BAblanatory views of the error
correction system for use with the next-generation MD1
and MD2 systems. This error correction system combines an
LDC-based error-correcting code scheme illustrated in Fig.
5, with the BIS scheme shown in Figs. 6 and 7.

Fig. 5 depicts a typical structure of a code block
in the LDC-based error-correcting code scheme. As showﬁ-
in Fig. 5, each error-correcting code sector is provided
with a féur—byte error detection code EDC, and data are
laid out two-dimensionally in the error-correcting code
block that is 304 bytes long horizontally and 216 bytes
long vertically. Each error-correcting code sector is

made up of two-kilobyte data. As illustrated in Fig. 5,

the 304-byte-by-216-byte error-correcting code block
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information, it is possible to create a signal recording bitmp show ng
illustratively whether each of the 64 kil obyte recording bl ocks has al ready
been used at |east 61 once. Fig. 25 is a flowhart of steps for
generating a signal recording bitmap using FAT information. In step S41 of
Fig. 15, with the disc |oaded, the values representative of the recording
bl ocks in the signal recording bitnmap are all reset to zero. In step $42,
the FAT information is read. In step S43, the first FAT entry is accessed.
Fromthe first FAT entry to the last, checks are made to see whet her each
of the FAT clusters involved has ever been used so far. That bit in the

si gnal recQsthdds b3 NBPro SR EOF 1 8§ POBAS s8-BBYsUBESEHoFRI16LYELEr, S
left intact at "0"; those bits in the signal recording bitmp, which

correspongat 9 dsel, FARL I 15 S r AH /A Pleddd "dectdi@l1dfq s h the

first FAT entry accessed in step $43, step 4 1s reached 1n which a check

|5 Tade Qu3e8ihlnt e etiy et EheCkoly EDLEY. 6 LB0cLagL ERT entry. T in

step S44 e curren dentry i's” not dge e last FAT

entry, step S45 is reach [0 Step.S45 heck, L s de tp, see et her the
cur r ont |y erReRet A dn PhorE S oEN R ed (ERER L STy pelPaoE 8 e
currently checked FAT entry is_ judged to be an, unused FAT cluster, step $S46
o f eachRt AT EOn GrrErctTas RS IR afoR PRt FRLERRR" Fr om st op S46.
control is returned to step S44. If in step $45 the currently checked FAT
entry is judged fii¥%e & d FePiqtu& &YPigady B3y stFydtfRd AF which the
nunber of the recording block containing the FAT cluster in question is
obtained.sm?W%t%% @%33 ¢ hed pre~byte BIS is inserted at intervals

of 38 bytes of data. One frame is constituted—by 152
bytes (38 X 4) of data, three-byte BIS data, and 2.5-byte
frame sync data amounting to 157.5 bytes of data.

As shown in Fig. 7, a BIS block is formed by 496
frames each structured as described above. A BIS data
code (3 X 496 = 1,488 bytes) includes 576-byte user
control data, a 144-byte address unit number, and a 768-
byte error-correcting code.

As described, the BIS code has the 768-byte error-
correcting code attached to the 1,488-byte data. This _
code structure provides a reinforced error correction
feature. With this BIS code embedded at intervals of 38
bytes of data, the location of any error that may occur
is readily detected. The error location is then used as
the basis for erasure correction using the LDC code.

The ADIP signal is recorded as wobbles formed on

both sides of a single spiral groove, as shown in Fig. 8.
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corresponding to the recording block is set to "1" in the signal recording
bitmap. In step S49, the next FAT entry is reached. From step $49, control
is returned to step S44. Repeatedly perform ng steps S44 through $S49
generates a signal recording bitmap in which the bits corresponding to
unused FAT clusters are |left unchanged at "0" while the bits correspondi ng
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 bitrmap is deened conplete. As

descri bed, using the FAT information nmakes it possible to create the signal
recordi ngripid nap, LePedst Pos fhd he; OPEAL 1884 SEet REViRgWaMBLeskhe FAT
clusters judged used based on the FAT information may not signify those
wi t h dat ; L4t i S n C erating
system 2%%@\95 %%%&%%rﬁ&%ﬁ%&%e%%gé iaﬁur:(('je)a g‘r’ﬂzgd%g?l?% fact they

are unuse flict is avoided by witing the signal recording
bi t map toﬂ? h%fg(;cl 3@%’&’%@:‘.}%’?] ustrated in Figs. 2 and 4, the next-generation

MD1 and MD2 dis have reserve track.each between the tr f%and t he
FAT track. The Féskrve (ferp& sy WIS S5 5 \;E?Fr%atsiog‘ﬁ%n“?ﬁg i ng
bi t map t hat accogrrod@%es signal recording bitmap information shown in Fig.
20. If tHEIRRhiETh URe (Y TIRREX IR P oSYRESPd the signal recording
bitmap is determned in advance by the system the hitmap can be accessed
directly based &% iSOWsy ddetfdSni fed SaGEatSaTTOTTIRE e tPrngcEk HRNFAT track
may al so be accessed di _rectqlé/eif their locations are determ ned beforehand
by the syQRRFR w@stiens|is wake |wR2f ofrubfbihes¥ngpdatal eidbks may
alternatively be recorded in the management area (U TOC.on the next
gener at i dnigiDioxtier ; biohteh| amrAAL R opk s e n gnWipexr hastaht ohovol i nformati on
on the next-generation MD2 disc). The data fromthe DDT track and FAT track
are read otder tihitslict tle |ARIR &1 wsitkarrupbacredannébght blof € eADFBNOry. The
data thus retrieved are used as the basis for generating alternate sector
i nf or mat i secesxl midbénf cimdtd an - Oieserirdéende oéct idnr aadeé oORCH t he buffer
menory are updated while the disc is being used. Wien the disc is ejected,
64 The sync data constitute a signal of a

predetermined pattern used to detect the beginning of an

ADIP sector. Linking sectors are needed by the current MD

system, because this system utilizes convolutional coding.

The sector numbers for linking use are negative numbers

for sectors FCh, FDh, FEh, and FFh (h: hexadecimal). The

ADIP sector format is the same as that of the current MD

system, because the next-generation MDl system utilizes

the same disc used by the current MD system.

The next-generation MD1l 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
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the updated alternate sector information and FAT information are witten
back to the DDT track and FAT track. Witing or reading the signal
recording bitmap to or fromits recording track is done basically the sane
way as witing or reading the data to or fromthe DDT track and FAT track
When the disc is | oaded, the signal recording bitmap information is read
fromits recording track and placed into the nenory. Every tine data are
witten anew to a recordi ng bl ock, the corresponding signal recording
bitmap entry is updated in the menory. Wen the disc is ejected, the
updat ed signal recording bitmap is read fromthe nenory and witten to the
signal reggeding bitmap track on the disc. Fig. 26 is a flowhart of steps
for reading information fromthe signal recording bitmap track. In step S61

of Fig. 26, W tihidie i Sfel0adedn (OIS O S5 G20LLEE R0 o1 0N

recording bitmap tTack of the disc. I'n step S62, the information read from
the signal;Ltgcerdip ?1 SRD Ef&% iS2 WL top HEEP d turned into
a signal récorgﬁng %f H%p. f%g. 7M?s a&%#%@éha#%n%f S é%%uf%r writing the
signal recording bi ack he_signal re rﬂ# bi t track_on the
disc. In % %9%%%%r§%n?ﬁ%ps§%%%$r 5 sgr%%% d?%éﬁbl ggps?gggngP C&very tine
data are witten anem/tqdan fecordin% bhﬁﬁﬁ?‘ln step S71 of Fig. 27, when
the disc F&PePBcEERr PR ub%a.%ﬂrs?bﬁ t MhFHT NP S r2Ad fromthe
menory. In stgg S72, the updated signal recording bitmap thus retrieved is
witten tBeERed sPyniie (2B WERERREHED ¥PacRYBheRnebararse| Rhets initial
state, the information held in the signal recording bitmap track is all
zeros. UpBYiSkaBhusta ©he tipbogh seomplpise or¥ariacrrecsigdarodecor di ng
bi t map, which correspond to the recording bl ocks subjected to data wite
operations, are?sm@hayydred i "ML, the ADLR ceriw et rTutHars| el
recording bitmap is witten back to the signal recording bitmap track on
the di sc.thexnext ngeneraticn M2 | gysfeemf bnclgdest feurnbot naynon i s

data, four high-order bits of an ADIP cluster number,

eight mid-order bitgs of the ADIP cluster number, four

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

ADIP sector number, and an 18-bit error-correcting parity

code.

The sync data constitute a signal of a

predetermined pattern used to detect the beginning of an

ADIP sector. The ADIP cluster number constitutes 16 bites,

i.e., high-order four bits, mid-order eight bits, and

low-order four bits. Since 16 ADIP sectors make up an

ADIP cluster, each ADIP sector number is 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
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read fromthe signal recording bitmap track and turned into a signa
recording bitmap in the nenory. These steps nake it possible to generate
the signal recording bitmap without recourse to the FAT infornmation

Descri bed below with reference to Fig. 17 is a typical structure of the
media drive unit 2 capable of witing and reading data to and from both the
data tracks and the audio tracks of the disc. As illustrated in Fig. 17,
the nedia drive unit 2 66 has a turntable that may acconmmodate three

ki nds of discs: a current MD systemdisc, a next-generation MD1 disc, and a
next - generation MD2 disc. The disc 90 placed on the turntable is rotated by

2 spi ndl ec iRk, 205 OBy B WRPLS. ok r&cdFdLfig Ob16ERoePER AL O ON the

disc 90, an optical head 19 emts a eamonto the disc surface. For

t he mwitekﬁﬂg%@%égn, the optical head 19 outputs a | aser beamat a |evel

hi gh enoug eat the recording track up to the Curie tenperature; for
the read operatign, the t.ical head .19 outputs a la eamat a relative
| ow | evel suffi (?lple%t ]t%o Cgegjtlecc S (ﬁﬁg%flro(ﬂﬁ #)r?[el:"?eeq‘rf &t ﬁﬁé)gca[u q:ae's]éd on the
magnetic Kerr fect. In_order to inplenent thes apabilities, the optical
head 19 iﬂ%%r?iga.E%m%sI%%ErghﬁcREfEES?QE%ﬁt%Bﬁhﬁ?fi %She%ns, an optica
system nmade up of a _pol arjization beamsplitter and an objective lens, and a
det ector arrangdfegy ideddd i AQ t PR dIEtFFa58ht1S not shown. The
objective lens in the optical head 19 is held illustratively by a dual axis
nmechani sn¢PRSbbEBLeddPal 3§ RPEP pRePeder ckarg iy df sphaBeabPelFedBdi on with
the disc surface. A nmagnetic head 18 is positioned in symetrically

opposi t e ¥Fedmtdnte ol he Popeicealdimgadplogka@fosd thid akiyde=00. witwh magneti ¢

head 18 applies to the disc 90 a 67 magnetic field so_nodulated as to
representisran eimetement for read and write operations, is laid

out in two portions in each ADIP cluster.

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-frame data constituting the BIS block
are prefixed with a 10-frame preamble ranging from framé
0 to frame 9. The data frames are further suffixed with a
six-frame postamble ranging from frame 506 to frame 511.
A total of 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 to ADIP sector
0Dh, the second half ranging from ADIP sector OEh to ADIP

sector 1Fh. The preamble and postamble are provided to
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Al t hough not shown, there are a sled notor and a sl ed nmechani smfor noving
the optical head 19 in its entirety and the nagnetic head 18 in the radial
direction of the disc. The optical head 19 and nagnetic head 18 execute a
pul se-driven magnetic field nodul ati on process to forminfinitesim
mar ki ngs on the next-generation MD2 disc. On the current MD systemdisc or
next - generation MDL disc, the optical head 19 and magnetic head 18 carry
out a DC em ssion magnetic field nodul ati on process. The nmedia drive unit 2
al so includes a recording processing section, a reproduction processing
section, and a servo section in addition to the recording/reproduci ng head

[ d f. th ical d 19 ic_head 1 dthed
7ot at | on B THECE e o e b PhadS Fhh Rl sr 50 fLRE b8 o co I na

of discs 9 be | oaded: .the current MD system djsc, the next-generation
VoL a1 o0, DERSR R ThE TERIEIE GG Gt S LAt S et (45F 4 e i b ¢ he
disc type. The spindle notor 29 is capable of rotating each | oaded disc 90
at a speettiohPBeRrhi eSHFRN MR 5ede R RO HueRf o T9mRAt OF ESeE he disc 90
pl aced on the turntable is rotated at a linear velocity 68 correspondi ng
to one ofC®Rerehree usable disc types above. The recording processing
section includes two portions: one adopting ACIRC for error correction and
EFM for data nodulpdtisdiealn agiddess aaed tte emanrd o estpbduthildatted data to
audi o tracks on the current MD systemdisc, and the other portion utilizing
Bl S and LR on Lowrbi amagiven froecearding dotoakt i ndesiighaeed - ¥nppwondul ati on
for data nodul ation so as to wite error corrected nodul ated data to the
next - gengsatt Dond/Dlam AR shsdtesr disod diet Fepr bohcdf oaipheresisé ng secti on
i ncludes two portions: one adopting EFM fox data denodul ati on and ACI RC for

error corfeeét dmihn septlosussashdiai#l f rom die eiseat. Matsstem di sc, and
the other portion utilizing the 1-7 denodul ati on based on data detection

using theppsidal &SRS 6L SRk t6F bh wWecesdi 88 setbagd for data
reproduction fromthe next-generation VMDL or MD2
operation, the ADIP sector is first read from the ADIP
signal in question. From a reproduced signal of the ADIP
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 relations between an ADIP
cluster and BIS frames for the next-generation MD2 system.
For the next-generation MD2 system, as shown in Fig. 12;
16 ADIP sectors constitute one ADIP cluster. Each ADIP
cluster is furnished with one recording block of 64
kilobytes of data.
As shown in Fig. 14, the 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 frames ranging from frame 10 to frame 505. The 496-
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system di sc. The reproduction processing section further includes a portion
for decoding ADI P signal -based addresses used by the current MD system or
by the next generation MD1L system and a portion for decoding the AD P
signal adopted by the next-generation MD2 system Laser em ssion fromthe
optical head 19 onto the 69 disc 90 produces a reflected Iight beam
representative of information detected fromthe disc. The detected
information, i.e., a photoelectric current obtained by a photo detector
detecting the reflected | aser beam is sent to an RF anplifier 21. The RF
anplifier 21 subjects the detected information thus received to

current - tord LN VS Sk n@Nithe TR EAthDOck alHe MBEEE XxE6Q@NRYERL LON i N
order to extract reproduced information including a reproduced RF signal, a

tracking £ 10l gilarkise -d@FtiSy Y B1GREI 0P Rl gOVvepidf or matj on

(ADI P information recorded as 1rdack wobbles on the disc 90). en data are

r epr oduce e Y., L $C,:Lhe.r od RF signa

obt ai ned %ayé% ﬁ%gﬁib—esarcr%rélfl eﬁ%léi%ﬁ%;géegs%h&gya a%P;IéFJN#%@%DduI ation unit 24
and an ACl decoder_ 25. pecifically, t E nmodul.at,i on it 24

bi nari ze$ ?Rﬁ%ea"r%glper oduced® 32@‘5?“3 néfér{lént%é%nt% %Tgnlvéafft rg} ntcf:)tea\‘olorogEn

subm tti jt.to EFM depndul ati on._ The denpdul signal is subjected to
error corteetitiiehPled earlfeeéig})ea‘f)‘? cJerérsT&hﬁ lgjélf?h‘éi'gﬁ% HRBIURY 25. At
this point, ATRAC-co re5539 data are obtai ned. Upon data reproduction from
the curr OWVBRIR 18RS ON FIAMTR FePRT FRet to contact B. In that
setting, 70 the selector 26 allows the denodul at ed ATRAC-conpressed data
to be output asThgePreprddgcaiddpestembhe feames tforghandatias e
reproduced fromthe next-generation MDL or MD2 disc, the reproduced RF

si gnal obih# rdatdfnanre RREgMRIGVIded 1t pretech tike Rlata-ypEP denodul ati on
uni t

linkage with adjacent recording blocks. The preamble
frames are also used for data PLL settlement, signal
amplitude control, and signal offset control.

A physical address used to record or reproduce data
to or from a given recording block is designated in the
form of an ADIP cluster. When a physical address is
designated for a write or a read operation, the ADIP
sector 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 control 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
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22 and an RS-LDC decoder 23. Mre specifically, given the reproduced RF
signal, the RLL(1-7)PP denodul ation unit 22 perforns data detection through
PR(1, 2, 1)M. or PR(1, 1)M and Viterbi decoding to acquire an RLL(1-7)
code train as reproduced data. The denodul ation unit 22 subjects the
RLL(1-7) code train to RLL(1-7) denodul ation. The denodul ated data are fed
to the RS-LDC decoder 23 for error correction and de-interl eave processing.
Upon data reproduction fromthe next-generation MDL or MD2 disc, the
selector 26 is set to contact A The selector 26 in that setting allows the
denodul ated data to be output as the reproduced data fromthe disc 90. The
tracki ng gr&op._$h@ngodE and focus error signal FE fromthe RF anplifier 21
are sent to a servo circuit 27. The groove information fromthe RF

amplifier 21 s synpidedta an AR AP Al 00 W toiyidbe &P P
denodul ati on uni}§ 30 submts {}he reocel ved groove ‘Jllt#f dtratt oér:&tégipa band- pass
filter to_extract the wo ? nent s g fore, E;ect'n FM_denodul ati on
and 71 ERBHASE: ATBR At s qeRat AR Phei A Ereb Rl Yo The
denodul at ed AD“g s%gnaé %s fed to aqgéfgs decoder s gg a?d 3. On the
current MPSSRIANTTFREIGT Wakid geher n®t9%24i 3B, “Pfie BB P ' Bect or nunber
is eight bits long, as shown in Fig. 9. On the next-generation MD2 disc, by
contr ast , 2¥fR- ABIFS G S difser ISR 0] i et HHikes %% in Fi g.
11. The address decoder 32 decodes the ADI P address fromthe current MD
syst em diRIBLL HxFURRFFREP UAt Mt Bechnique) el2peraBavesscagbsadr 33
decodes the ADI P address fromthe next-generation Nn2 disc. The ADI P
addr ess db® o dimpox trRndiRreser deditertiBt grea®n s eathibrarkoniri ve
controller 31. Gven the AD P address, the drive controller 31 carries out
necessar yaxeas r ibr proe eini peweTheontvol caraf provuided ifnobhehte®E-anplifier
21 is also fed to the servo circuit 27 for spindle servo control
in and lead-out areas of the next-generation MD2 disc.
Fig. 15 shows a lead-in/lead-out area structure on
the next-generation MD2 disc. As illustrated in Fig. 15,
the lead-in and lead-out areas of the disc have each a
power calibration area for laser beam power control
purposes.
The lead-in area includes a control area that
records ADIP control 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 next-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-
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The servo circuit 27 integrates phase differences between the received
groove information and a reproduced cl ock signal (PLL clock signal in

ef fect upon decoding) to obtain an error signal. Based on the error signal

t hus acquired, the servo circuit 27 generates a spindle error signal for
CLV or CAV servo control. The servo circuit 27 generates various servo 72
control signals (e. g., tracking control signal, focus control signal, sled
control signal, and spindle control signal) based on the spindle error
signal, on the tracking error signal and focus error signal fromthe RF
anplifier 21, or on a track junp command and an access command fromthe
drive controller 31. The servo control sig als thus generated are output to
a notOFAeF i DEEs 2L Rbe ARBRCFIIBEFF yRUPRET S er BofORFCRLE BPIBubj ects the
servo error signals and commands to such processes as phase conpensation
gai n §eekessnugberndandr @8t Labid SIMITFLITr Rt tPrEEESr aPdet he di verse
servo control signals. The notor driver 28 generates servo drive signals
basedArardehicted vin cBhgr ol5si gnal eighd lewnprdersbite ofrthet 27. The servo
drive signals generated by the notor driver 28 are made up_of dual axis

dri veABIgnalysfer ounbéngdeseribal cantrsoledatai suchtae ai gnats for driving
in focusing and tracking directions), a sled notor drive signal for driving

t he styse mahquesic phdse, spintethei tpf oandr rgadspgwak.for driving the
spindl e notor 29. These servo drive signals provide focus and tracking

control on thg disfh-YPrdud Kl Of Ehé itr okl aviesr thanset neke not or 29,

When audi o data are to be recorded to the current 73 MD system di sc, a

sel ectoft 1bnt Sctwh Pl OpE ARt t B adOEcEELRCHET LAt Eibgeal| OWs the ACI RC
encoder 14 and EFM nodul'ation unit 15 to function. In this setup, the

coNpr epsstle H3b8s £OTbAG L €10 t 81 A1 Ri J08E8§SEBYoENEEckPad e Subjected to
i nterl eave processing and error correction toding by the ACI RC encoder 14.
The oM PMtsQitor "o and ADIP sector "8" allow the locations

of ADIP clusters to be known precisely at predetermined

intervals, because the eight low-order bits of the ADIP

cluster number are left intact.

How control data are recorded using the ADIP signal
is described in detail in Applicants‘’ Japanese Patent
publication No. P2002-319246, published on 31 October 2002,

the entire contents of which being incorporated herein by

reference..

4. Structure of the recording/reproducing apparatus
Described below with reference to Figs. 16 and 17
is a typical structure of a disc drive unit
(recording/reproducing apparatus) that complies with
discs for recording/reproducing use with the next-

generation MD1 and MD2 systems.
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the ACI RC encoder 14 is submtted to EFM processi ng by the EFM nodul ati on
unit 15. The EFM nodul ated data are fed to a magnetic head driver 17

t hrough the selector 16. The magnetic head 18 applies to the disc 90 a
magnetic field representative of the EFM nodul ated data, whereby the data
are witten to audio tracks on the disc 90. Wen audio data are to be
recorded to the next 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
nmodul ation unit 13 to function. In this setup, high-density data com ng
fromthe nmenory transfer controller 3 are subjected to interleave

processi ng and - - errof. r i .codi y the RS-LDC encoder
12. The out put ?%%%@\% eang{(%fgc? %ités%s}lulbmgt [%(#%t ¢ LL(1-7) nodul ation
by the RLL(1-7)PP nod tion unit. 13.. The wite data in the formof an
RL(17) rRediab Rl ettt B 1 il aghet FeRh seomritsr 295 hrough ¢ he
sel ector 16. The _magnetic_ head 18 applies to the disc 90 a magnetic field
representative dhe fesrodiidtedddt &4 WERS thanetta drevewitter’t o audio
tracks on the disc 90. The purpose_of a laser driver/APC 20 is twofold: to
cause t hed |BEBPTrY| BERNEECENFPNETPALF Beam Fluisten R ffar RawPmy i4 e
operations as described above, and to effect so-called APC (Automatic Laser
Power Coralt Ayxilamiouegineiy ShdiwB Unjerersat FeriabrBesring the | aser
power level is incorporated in the optical head 19. A nonitor signal from

t he det ectirerfades] Hakd t& thdISRiskub dti vergyderocomteol beerddri ver / APC
20 conpares the current |aser power |evel acquired as the nonitor signal
with an emidldn shetlid geevcemwioig lwevit 1®. find an error difference. By
getting that error difference reflected in the |aser drive signal, the

| aser driver 20 Theepedile drdser updwer fpeamitde deagardidigo@gdst abi | i zed at
the established level. Two | aser power levels, i.e., a read |aser power

level andragpMbdicc iASSE R 8VEBId Brfcin SEt1dWdddeqtéd vep contyeol | er 31 to
registers inside the laser driver/APC 20. Under control of the system

control | ef; S dd1ei gIrd wee 00N ey i 31 MSESat s | ta thake tensont 144 | ed
operations 75
MD2 disc, or a current MD system disc. An internal
structure of the media drive unit 2 will be discussed
later with reference to Fig. 17.
The memory transfer controller 3 controls transfers
of write and read data to and from the media drive unit 2.
Under control of the memory transfer controller 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 management
information and special information retrieved from the

disc 90 by the media drive unit 2.

The system controller 9 provides overall control
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descri bed above (access, servo operations, data wite operation, and data
read operation) are properly carried out. In Fig. 17, portions A and B
encl osed by dashed |lines nay each be inplenmented as a single-chip circuit
part. 5. Initialization of next-generation MD1 and MD2 discs On both the
next - generation MD1 di sc and the next generation MD2 disc, a unique ID
(UD) is recorded in addition to the FAT for security managenent purposes
as nentioned earlier. On each next-generation MD1 or MD2 disc, in
principle, the UDis recorded to a predeterm ned |ocation such as in the
| ead-in area before the disc is shipped fromthe factory. Alternatively,

the U D reggy e thﬂé t@f@@léﬁ/@'@rﬁw.f he F@ﬁ@m%zleqﬂ%lg@!sm%gq{ Dis witten

to a fix ocat1 on ter sc Initialization, the recorded to
that | ocat] ef ang, - -qgglﬁf' MY ilizes the same
di sc as %arﬁ{}oﬁlt%%;urretn{%rkgﬁr?%% a(%r?%]re“éns ﬁ%g@é%%%ée% of current
MD system di sgs already market wi.t.h no. U D, recorded opn any of themare to
be used bcf"ﬁ%%ﬁo?oge%oé}rﬁ‘f% Cflc\jy[ﬁ t:slg/est T ﬁer‘T\IeWJs aﬂ'dards have t hus
been established to all OC%;[_G g S{pecg@i cal | ygpr ot ect area .on each of these
nurmer ous currentOFD SPECHLGRLLY 1 FRE RFEHE FORELSd By & He

next - generation MD1 system Upon initialization of any of these discs, the
di sc dri VORHRLicRGHvYeles SPIRHRA mmtdie RYrRANdb IR Wrek ek@@d area for
use as the UD of the disc in question. Under new standards, users are

prohi bi t 86 tdip AEFeSiItRrfare @ Bd U hked] . THA Ghsi sefom.| ithiet ed to
random nunber signals; it may be given as the conbination of a manufacturer

code, an syffigmheantgsleenP aadgpimas camnandsh et asiml weiteidom nunber .
It is also possible to conbine at | east one of the manufacturer code,
equi prentresnusst sl equigabte@erstalfromiidre perdorsml computer 100
and transmits status information and other necessary
information to the PC 100.

Illustratively, when the disc 90 is loaded into the
media drive unit 2, the system controller 9 instructs the
media drive unit 2 to retrieve management information and
others from the disc 90, and causes the memory transfer
controller 3 to place the retrieved management
information, etc., into the auxiliary memory 5.

Given a request from the personal computer 100 fo?
reading a certain FAT sector, the system controller 9
causes the media drive unit 2 to read a recording block
containing the FAT sector in question. The retrieved
recording block data are written to the cluster buffer
memory 4 under control of the memory transfer controller

3.

From the recording block data written in the
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random nunber for use as the UD. Fig. 18 is a flowhart of steps for
initializing a next-generation MDL disc. In the first step S100 of Fig. 18,
a predeterm ned | ocation on the disc is accessed to determ ne whether a U D
is recorded there. If a UDis judged as being recorded, the UDis read
and placed tenporarily into, say, the auxiliary nenory 5. The location to
be accessed in step S100 is an area outside the FAT area in the

next - generation MDL system format, such as the lead-in area. If the disc 90
in question was initialized in the past and is already 77 furni shed with
a DDT area, that area may be accessed instead. Step S100 rmay be ski pped

where apntapLLa) ot FoStEinGL0L:, dala. &y Lecosdeblpebhg U TOC area in an

EFM nodul at1 on process. tten at t point to t TOC is information

for securiqg {0 KI oS 8L 278855 A8 L Atk 200 ANeRf ego QL LT acks

foll ow ngr area, i1.e., an area i I are to berecorded in
1-7pp nodyl ation for In step S102 dat$.are witten to.the alert track
e

t .

'n EFM T ol MRS STED IS, Rt A B Ted RO 1 BT BB &  ea i n 1- 7pp
nmodul ation format._|n ste %%0 | D.is recorded oyt 'ge t he_FAT area
such as (TPERRCEHTLAf SRTRITH Hh S hekn SREERER o 708 BPRABEEr B ned
| ocation and placed into the auxiliary nenDr%?S in step S100 above, that
UDis redfeedcmrie! 9t the 3 eMer o4 BPRa® - not j udged as bei ng
witten in a predeternmned |ocation on the disc or if step S100 is skipped
outright, a U DGigyefemerg@¢sfada®ihe parfenalumsmpuieghalotnfdPs he
generated U D is recorded. The UDis generated illustratively by the
syst em comtitolhgra el crAl aseckt el D the feyistemnt fenprdl bedrPve unit 2 via
the nenory transfer controller 3 before being witten to the disc 90. In
st ep S1l0Scadsds atrlte atdrdia ddt Bvarnein i2 tiem tead hehareecéodin@atlalsthrage in
1-7pp nodul ation format. In 78 other words, the U D is recorded outside
t he FAT at@dtaifoind heheeBAT genetrat | i dddsisish emThes masdrevreil above,

recording block is written to the cluster buffer memory 4

under control of the memory transfer controller 3.

The system controller 9 feeds the memory transfer

controller 3 with the FAT sector data (i.e., write data)

coming from the personal computer 100 via the USB

interface 6. In the cluster buffer memory 4, the

corresponding FAT sector data are updated under control

of the system controller 9.

The system controller 9 then instructs the memory

transfer controller 3 to transfer from the cluster buffer

memory 4 the recording block data, with the relevant FAT

sector updated therein, to the media drive unit 2 as

write data. The media drive unit 2 writes the received

recording block data to the disc 90 following a data

modulation process.
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initialization of the recordable area nmanaged under the FAT schene is not
mandatory. Fig. 19 is a flowhart of steps for initializing a
next-generation I ~2 disc. In the first step S110 of Fig. 19, a
predeterm ned | ocation where a UD is supposed to be recorded beforehand
such as the lead-in area, or the DDT area if the disc was initialized in
the past, is accessed to determ ne whether a UDis recorded there. If the
UDis judged recorded, that UDis read and plated tenporarily in, say,
the auxiliary nmenory 5. Because the U D recording location is fixedly
determined in the format, it can be accessed directly without reference to

any ot her manageqrent;d &y Oefdm{é %&g&ét{)@%%é% dhy sE&ﬂtHéﬁtgélybéki .be

applied to the processing discus e mnt reterence to n
step S111 regot de e = IRpP ul at | format. In
step SllZTh?% gﬁﬁﬁﬁ?s§§e%%rge%80 $S|%E) ﬁé %Rﬁgggéégsﬂc gaéﬁigﬁghe DDT
area. The U D recorded. IS the U D that, was rieved fromthe
predetern?ﬁaa HHL%Ei Bt bnt tgg %fgéeﬁn%ﬁﬁlﬁ%ﬁﬁ gﬁ?8r?ﬁé°3u&§ﬁiary nenory 5
in step S110, If in step S110 the U D was not ed record the 79

pr edet er nP¥EHET oL AL Fﬁﬁ gﬁrfﬁﬁtdmgc?y?ﬂ%'ﬂ' a 14 Ié’i Ei'b‘?\ ‘i?h%c basi s of
a random nunber signal, and the generated U D is WW|tten The UDis

gener at eddFivaserati bel§ BIPTRES 95 EFF EHRTr BRAEP 92tFheOgERGrated UID is
fed to the nedia drive unit 2 via the nennr¥ transfer controller 3 before
bei ng wri eushenb MBesystemodisen9Qt &p e 3ol Faroafarvaher dat hhare
recorded. The U D is recorded outside the FAT area. For the next generation
MD2 syst efiprast de§cthdedunbent, Mp nsy$tenzapt oknothe hEormabrdibthear ea
managed under the FAT schene is not effected. 6. First exanple of the audio
dat a nmanagerengesgsaeioASMIl ssyssen. alifthe, switecned@ -ganeratiomid®i and MD2
systens enbodying this invention have their data managed by the FAT system

Audi 0 dat shéouberr expl fleilt by ewlkatpopss£ciby mofe etlet et ardtHat a
conpressi on nethod and encrypted for copyright protection. The audi o data

conpr essi @is8edhodei anit ! ust natiineelay reURAMEE 1 AR ATD. id tshdwid) Sn possi bl e
to adopt MP3 (MPEGL Audi o Layer 3), AAC (MPER Advanced Audi o Codi ng), or
other sui abberceaP! enagaat 1Bt Hedny el qoBkY tatdinydHea (g adsoweil! |
The disc drive unit 1 is furnished with a display
unit 51 such as an LCD (Liquid Crystél Display). When fed
with a display control signal from the system controller
9, the display unit 51 may display text data and
simplified icons 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 input circuit and a microphone input
circuit, an A/D converter, and a digital audio data input
part. The audio processing unit 10 also includes an ATRAC

compression encoder/decoder and a compressed data buffer

memory. Furthermore, the audio processing unit 10
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i mge data and noving i mage data may be handl ed. Since the FAT systemis in
use, general -purpose data may al so 80 be recorded and reproduced by the
next - generation MD1L and Nm2 systens. Furthernore, conputer-readable and
executabl e instructions may be encoded on the disc so the MDL or NB72 may
al so contain executable files. Described belowis a systemfor managi ng
audi o data as they are recorded and reproduced to and fromthe next
generation MD1 and MD2 di scs. Because the next-generation MDL and MD2
systens are designed to reproduce high-quality audio data for extended
periods of time, there are a | arge nunber of audio data itens to be managed

on a si nglfofhats FhNEESIHEEAT Systeshis adgpted Landang qanagenent

pur poses, better conpati bi y Wi th conputers s ensured. s feature,

honever . BSESECUILEC Y ANCRISREDL | INATLeY SoalB8 LiiSCuRRhageS ond

di sadvant ag er eas e ease operatio n e part of
users, audio data could.be copied jllegally to the detrinent .of copyright
hol ders. ?%%%%g %f%c?%??s fc% ﬁk?% %%%%%Faffﬁc?éﬁeﬁnén gﬁﬁﬁﬂgﬁag?ation in
t he devel opment of the inventive audi o data nmanagenent system Fig. 28 is
an expl anJPEPYEVFERF S a first exanple of the audio data nmanagenent system
As shown in Fig. 28, the audi o data managenent systemin its first-exanple
setup gener at es & tfcIiSIS0 19 @ Sreitad® SYEher dise @nd idh the disc.
These are the files managed by the FAT system The audio data file is a
file thataudtonbbaekesare pfarkeirgcordedidre taeadisenBOasdigitalrated in
Fig. 29. Wien viewed fromthe FAT system the audio data file appears to be
a very | aa¢@ididata Ther i arabeg cdudiw ssignalsl afei deputnto phAets, so that
audi o data are handl ed as a set of such parts. The track index file is a
file thataddserpbesessing unit 10. The input data are linear PCM

digital audio data or analog audio signals, which are
converted to linear PCM audio data through the A/D
converter. The linear PCM audio data are then subjected
to ATRAC compression encoding before being placed into
the buffer memory. The buffered data are then read from
the memory in a suitably timed manner (i.e., in data
increments equivalent to ADIP clusters) and transferred
to the media drive unit 2. The media drive unit 2
subjects the compressed data thus transferred to an EFM
process before writing the modulated data to the disc 90
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 demodulates the reproduced data back
to ATRAC-compressed data and transfers the demodulated

data to the audio processing unit 10 through the memory
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various types of information for managi ng the audi o data contained in the
audio data file. As shown in Fig. 30, the track index file is nade up of a
pl ay order table, a programmed play order table, a group infornmation table,
a track information table, a part information table, and a nane table. The
pl ay order table indicates the order of audio data reproduction defined by
default. As shown in Fig. 31, the play order table contains information
itenms TINF1, TINF2, etc., representing links to track descriptors (Fig.
34A) corresponding to track nunbers (i.e., nusic title nunbers) in the

track information table. Track nunbers are illustratively serial nunbers
starting d 00 fdy "cdierHL DG e %)ﬁﬂrdjeg{rdéﬂé%lseir@rﬁr?i@slé he order of
audi o data reproduction deflned by the i ndividual user. As shown in

b or mat (I TENE SRR SH S i | €0 ZrBES ChiEEePr ST,

descrlptongégﬁéig dln Hﬂg@ é%raqéggunbglch ;@g g?gugt pforma i on

i
tabl e d&SeFi b3Eci R natlon CRBout

groups. JS defl s a set of one or re track vi,ng seri al
track nu %’r aalsaeuf % ‘?u%lf% R35Lks %eﬁ:rﬁt&g‘f a”é%rl al track
nunbers. SpeC|f|caII the ornatlo able is made of group
descngn(ﬁ%9?¥ﬁﬁ43 4rﬁf§r {% %stgﬁ i FORYGTERBALCEach group
descriptor describes a start track nunber, an end track nunber, a group
name, and®RA¥IRFHEHArHHIRPE e WD FFe RIePRontAEORH; BReeliing Fig. 33B.
The track information table describes information about tracks, i.e., nusic

titles awipith ¢on IRagph@um kb @4Pagpeci fical ly, the track i nf or mat i on
table is made up of track descriptors representing tracks (nusic titles) as
i ndi cated in Fi §he34AscEdativier awk tdds oaiypther caameddisctten tilve Fi g, 34B,
contains a coding system copyright managenent infornmation, content
decrypt i @ekeynd nfasmmiten,1@biin ex marimosed tlver pohamn | plgrdoghhehear t
USB arrangement. Illustratively, an external interface
such as IEEE (Institute of Electrical and Electronics
Engineers) 1394 may be utilized for the connection.
Read and write data are managed using the FAT
system. How conversion is effected between recording
blocks and FAT sectors is discussed in detail in
Applicants’ Japanese Patent Application No. 2001-289380,
filed in the Japanese Patent Office in 2001, the entire_
contents of which being incorporated herein by reference.
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

cluster buffer memory 4 and the FAT sector of that

recording block is updated therein. With its FAT sector
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nunber serving as the entry to the nusic title of the track in question, an
artist nane, a title nane, original 83 title order information, and
recording tinme information about the track in question. The artist nanme and
title nane do not contain actual nanmes but describe pointer information
pointing to relevant entries in the nane table. The coding system
represents a codec operating schene serving as decryption information. The
part information table describes pointers allow ng part nunbers to point to
actual music title locations as shown in Figs. 35A and 35H. Specifically,
the part information table is made up of part descriptors corresponding to

parts as @spied@d the Hdcol®ng PS¢k 18§ WEPEESENbakkVeoOthenaikkack in its
entirety or one of mul tiple parts constituting a single track. Fig. 35B

i ndi cat esg g i8S 5jugﬂggf$uf@§frmémggylg the part information table. As

shown in Flg 35B, each part descriptor is conposed of a start address and

an end address gl he AAidail QRN AN ddt Ui AUl 0Ll Tihe napd. a | i nk

to the next part resses usea as par er pointer | I'#OI’ mat i on,

nanme tabl e 0|nter t qfhd a |o f| I i on p0|nter i nfor mati on
Sraeren iR gy 75 i R Y

may each %) ormot a fileD a pa é?%rlptor

nunber, a FAT luste p S|cal addre f adisc utilized as a
storage medT ebi‘?&én%??eyﬁg‘fg& E& s ugesh posrb}s& i 2T hQF eRAREEY on of
an of fset schene that ma npl enent ed qgcordln to thi Bresent

i nvent i orB™ viMer FR et a‘go‘?l?'ﬁ T acksd ‘gﬁao\”H t *GERLE in
predetermned units (e. bytes, bits, and n-bit_bl ocks) from a begi nning
of the auth®f4afed NFRFOFNE: 1B RFFr Peedpee ohot REt shaRprhglfp act ual

names. As shown in Fig. 36A, the nane table is nade of a plurallty of name
slots. Exirtaimeds| #tiths ng gleé@ wietirieved from the disc, the FAT

sector cannot be updated.

Reading a FAT sector also involves first accessing
the recording block containing the FAT sector in question
and then reading the recording block data from the disc.
The retrieved data are written to the cluster buffer
memory 4 so0 as to extract the target FAT sector data from
the recording block. Since the recordable area is not
initialized, if the recording block in question has yet
to be used, the attempt to extract the data will also
fail or will result in erroneous data reproduction with
no RF signal obtained.

The failure discussed above is circumvented by
determining whether the accessed recording block has ever
been used in the past. If the recording block is judged
unused, the recording block data are not read.

More specifically, a signal recording bitmap (SRB)
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and called by a pointer pointing to the name in question. A pointer for
calling up a nane may be an artist nanme or a title nane in the track
information table, or a group nanme in the group information table. One nane
slot may be called froma plurality of pointers. As depicted in Fig. 36B,
each name slot is conmposed of nane data constituting text information, a
name type serving as an attribute of the text information, and a link to
anot her nane slot. A nane too long to be acconmobdated in a single nanme sl ot
may be divided into a plurality of nane slots. The divided nane slots are
traced one after another using |links describing the whole nanme. The first

o ke as 181 PEsR e P A g YRS 8 g R oL e ek bR 2t et

track to reproduced | iyst_designated jn the pl 8 order table
(Fro. an)BEefER Freftienteq b e TRePbated b otRenlnBerCRovecebRrough o
link to the track descrigtor Figs. 3ﬁ@ aq? 3%&% in thﬁ track. jnformation
tabl e, andSERe"FFAked®t PR BRTTPt ofV s FttHeVRPIF o ¢FRrii¥e. Read
fromthe track descriptor are: a coding system ¢opyrjght mapagenent

| nf or mt | BRETRBt arpHetd Y ptF FEke5PF ERFmE PEREIHBINPAPCKnEBRRR | on
pointing to the part nunber serving as the entry to the nusic title of the
track i n Baeseever BadA2F3tWhkheeDoibrEeton and| @ Rike"pbdi hBefetori gi nal
title order information, and recording tine informati on about the track in
quest i on. f@asklde orecored prg tbleehcthathflordadaba wealitenohheneter atk
information table, access is gained through a link to the applicable part
descri ptoleasttomepart information table (Figs. 35A and 35B). Fromthe part
information table, the audio data file is accessed at the part

correspondi ng t ritdhe 2t adrdt aaddrosshanft dfe dtregqnk gdrfidxmed nwiggresd i on. When
access is gained to the data at the part whose |location in the audio data
file is destgmedkdecdypiliter pesrineddad ned | ®ndiasdl @rivepaaducti on of audio
data z. is started fromthat [ocation. At this tine, the reproduced data

are decr ypbmsat P& Goi thangite Wid bt {den &gkt 1en sSMst eanaerad2 f aosrkhe appli cabl e
track descri ptor

reads data in increments of FAT sectors from the disc

loaded in the disc drive unit.

In step S1 of Fig. 21, the computer 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 representing the
beginning of the user area on the disc. In step S2, a
check is made to see whether the FAT sector has been
replaced by an alternate 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 number was obtained in step S1. In that case, step
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in the track information table. If the audio data are 86 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 descriptor. The rel evant part
descriptors are read one after another in accordance with the |inks, so
that the audio data in the audio data file are reproduced fromthe parts
whose | ocations are designated by the accessed part descriptors. These
steps allow the audio data to be reproduced fromthe desired track (mnusic
title). A nane slot (Fig. 36A) in the nane table is called fromthe

l'ocation &or;nape, pRAAt £ Lok NBAL 0p) ¢ degi gpal pd-ByraBpahliial; pgMe poi nter
or atitle name pointer read fromthe track infornmation table” Nane data

are read t Bsp&al 1 gd h i Ik mati on may

be a naneéégg%éﬁﬁr %&? %i% ﬁster %ﬁ %ra$%ﬁg?€?r§r§ Ig%gtf%ﬁﬁggble system

or a physjcal 399re%§tﬁg a storage nedium for exanple. Each nane slot in
e

the name TEBPE e Teferenced from a plurality of painters as nentioned
above. For exa ,. Where | ti pl itles of the sane artjst, are recorded,
the same nane sldt ih Efebﬁaé’ %Tetr{)eaﬁﬁp‘él isse“?sté:f%rjéhccgbesfr?lo‘?ﬁ a Pl ‘?ciy of
pointers in the track information table as shown in Fig. 38. In_the exanple
of 87 Fi9.hage heeRkreRLRTEPIRY sam jaltepnaty \geehor ogheaghtatne nusic
titles all belonging to the same artist "DEF BAND, " so that the sane nane
slot is rEpRAAWEREE fPRATRBERN 0F S t HRske t FaEkigdsert pPBr&heA so in Fig. 38,
track descriptors "3," "5," and "6" represent the nusic titles all

bel ongi ng@leerirte a3eckeX i stInr GRtGRSS " s$¢R it ishereaghedde slot is

al so referenced fromeach of these track descriptors. \Wen each nane sl ot
in the nawipiclabtlke recording block number representing the actual

alternate sector is obtained from a DDT alternate table.
Step S4 is followed by step $3 in which the bit (0 or 1)
corresponding to the 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 corresponding to that block is
illustratively "0"; if data have been written to a
recording block at least once, the corresponding bit for
that block is illustratively "1.” Step S3 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 ig judged to be "1

corresponding to the recording block number in question
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is allowed to be referenced froma plurality of pointers, the size of the
nanme tabl e can be reduced appreciably. Furthernore, information about a
given artist name may be displayed by use of links to the nane table. If it
is desired to display a list of nusic titles belonging to, say, the artist
naned "DEF BAND," the track descriptors referencing the same nane slot "DEF
HAND' are traced and their information is displayed. In this exanple, the
track descriptors "1," "2," and "4" referencing the address in the nane
sl ot "DEF BAND' are traced and the descriptor information is acquired. The
i nformation thus obtained pernits a display of the music titles which

bel ong tolg ié@%%lﬁgg L r&Ee BAND, ng MQICh erQ hgd?ﬂazgiﬁc i sc.

There are Fom the hane ta [é’ bac etr nformati on
table cau ach_ nane. sl ot |n the n % a to g referenced
froﬁ? Sqiéé ??% WL BT Eere e%naﬁ & %a%g a%%e?o gorded anew,

an unused, area up. of .at |e st a predet r m ned qui of consecutive
recor di ngliJI‘f)‘?ﬂ(‘g%i go 50 q'sg ’6%&3 rl?ejs CQT b3 F 2t %ing to
t he FAT table. Recordlng bl ocks are aIIocated consecytively so as to
mi ni ni ze SRR ARe | %l%%c%%%.%v@l%%nr%%o'fla%dcaﬁat:%rdlavafev\h@ﬁwmé 4udi o data
recordabl e area is allocated, a new track descrégtor is assigned to the
track i nfrneisprSTabike %ﬁ@aa¢%6ﬁ%%9@n@b99f6@ eryp¥reny ¥A€ audio data in
guestion is generated. The input audio data are encrypted using the key
bef ore getadtryr ravorekiractedef xomsias deathe| otusedr Théfarea in which the
audi o data have been recorded is chained to the tail end of the audio data
file in tiwndAT 4idmd systpur ¥ theadhedatear. audi o data chained to the audio
data file, information about the chained |ocation is generated, and the
new y gener at ed Ifudino stt&fpa Ssocdial ditd nfsorjnetgesh tics b i'td'en to a newl y
assigned part descriptor. Key information and a part nunber are witten to
the new corresponding to the recording block number in question

in the signal recording bitmap (i.e., the recording block

has had no data written thereto so far), then step S8 is

reached. 1In step S8, the entire cluster buffer memory 4

is filled with zeros. Step S8 is followed by step S7 in

which the data corresponding to the target FAT sector are

extracted from inside the cluster buffer memory 4 and

output as read data.

Fig. 22 is a flowchart of steps carried out when

the personal computer connected to the disc drive unit

compatible with the next-generation MD1 and MD2 discs

writes data in increments of FAT sectors to the disc

loaded in the disc drive unit.

In step S11 of Fig. 22, the computer issues a

command to write data to a FAT sector, and the number of

the recording block containing the FAT sector in question
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track descriptor. If necessary, an artist nane and a title nane are witten
to relevant nane slots. In the track descriptor, pointers are described
with links to the artist name and title name. The nunber of the track 89
descriptor in questionis witten to the play order table, and the
appl i cabl e copyright managenent information is updated. Wen audio data are
to be reproduced froma particular track, information about the designated
track nunber is retrieved fromthe play order table. The track descriptor
corresponding to the track fromwhich to reproduce the audio data is then
acquired. Key information is obtained fromthe applicable track descriptor

0 the tragkobplonunt | ofhd oA bber PA ! cHlEsCLBL s o 0dGARRNY the area

containing entry data is acquired. Fromt escriptor, access is

gai ned to_ihe ] ocafi [ audi o, d file, t fi.rst  part
font?ininﬁiiﬁ%ugés%ig °5u§P§B§§taylgﬁdﬁéngfager%&??%%?&&nﬁr& et_he afﬁessed
ocati on. e_reproduc ata_fromthe |pcation ar ecryp usi ng e
ncqul rod RESPATETnRLT et BPRuBFEmdahatREpPaGTct | OR. SEFBLRLS pat
descriptor _has a link to anotheé Egrt,t%he I&nked par%als accessed and the
above stepleakelfcPadtet® SGPpERECRATt EPE FETJEEFERT 1GSchERTe a track
nunber "n" of a given track in the play order table into a track nunber
"n+m " Inr?ﬂé§cﬁgsby ant phERTARE.r FBEBPTPN descri bing i nformation about the
track in questi%géi§ L%;stfg&iﬁ&g:ﬂ@é;on1a track info%natipn item TINFn in
the 90 play orkerin @#fi&p rEgreeemn ngueshtRni P oRahti on itens
TI NFn+1 t hrough TINFn+m (i.e., track descriptor nunbers) are advanced by
one pl acejudgednuabbavefbedn reptaceddsbyi proalbrringtehescwortt &hato t he
track information item TI NFn+m -
means the target FAT sector is included in the recording

block whose number was obtained in step S11. In this case,
step S13 is reached in which the bit (0 or 1)
corresponding to the recording block number is acquired
from the signal recording bitmap.

If in step S12 the FAT sector is judged to have
been replaced by an alternate sector, an actual
read/write operation is to be carried out on the
alternate sector. In that case, step S14 is reached in
which the recording block number representing the actuai
alternate sector is obtained from the DDT alternate table.
Step S14 is followed by step S13 in which the bit (0 or
1) corresponding to the 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

57



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
track is acquired fromthe track information item TINFn in the play order
table. All valid track descriptor nunbers follow ng the track information
entry TINFn+1l in the play order table are advanced by one place. Mreover,
because the track "n" is to be erased, all track information entries that
follow track "n" are advanced in the play order 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 t i 10 qui.red, | he _nunber of a
part desc%%%cg%é{}%] $ﬁ8|%éﬁlﬁ%%% é;?{éﬁg% %?é‘#ﬁ n%StE}elggt%‘:‘Léc%uglso data. An
audi o block, with its yange, desi ted by the part.descrjptor Pn is detached
fromthe % %FEE&%F?#Ye ?n’th%qggﬁag??%esgg?gnyr*ﬂgﬁnth frack descriptor
Dn of the track,in eg&ion js erased fromthe track inforyatign table and
the part TRE(IFRIrLIACK 35 L3R ePRrom the paFrerRPBiHRgi BhttEBFe so as to
free the part description on the file §¥s;en1 Su%?ose_that in Fig. 39A
parts A BrRraMRlecha? bbbl helant! t hatSteR 5B i1 dtied Pwe
erased. It is assuned here that the parts A and B share the sane audio

bl ock (arftemeSKan miTieh @%%r%lﬁ?ﬁjftwok'%én@ﬁhlé'hépniﬁ;s continuous. |t
is also assuned that while the part Cis located i mediately after the part
B in the xefereniced fo|2ce twketpher sti® aneic@rdiegi hloakt ihogndspbent i oned
apart when the FAT table is checked. In that case, as shown in Fig. 39H,
erasi ng thes pead Bt |lwnsttew thdretasimrshagpashari ng any cluster with
that part to be detached fromthe FAT chain- (i.e., reverted to free
areas). In otherfwdndstephsi1sudhe ddtta ifd |jeadgeds ey tkenedi oy four audi o

bl ocks. As a result, a nunber "4" is subtracted fromeach of the nunbers of

the audi ccdasdSori®ney desl tie thecdadind BIECKE URSRIBRENin pgliéstidart of a
track may be erased instead of the track

in the signal recording bitmap (i.e., the recording block

has had data written thereto in the past), then step Sl6

is reached. In step S16, the recording block data are

read from the disc and written to the cluster buffer

memory 4. In step 817, the data corresponding to the

target FAT sector in the recording block are replaced

with write data inside the cluster buffer memory 4.

If in step S15 the bit is judged to be "O"
corresponding to the recording block number in question
in the signal recording bitmap (i.e., the recording block
has had no data written thereto so far), then step S18 is
reached. In step S18, the entire cluster buffer memory 4
is filled with zeros. Step S18 is followed by step S17 in

which the data corresponding to the target FAT sector in

the recording block are replaced with the write data
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as a whole. If atrack is partially erased, information about the remnaining
track may be decrypted using the coding system and the decryption key which
correspond to the track in question and which are acquired fromthe

rel evant part descriptor Pn in the track information table. 92 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 descriptor describing informtion
about the track "n"; and a track descriptor nunber Dmis obtained froma
track information item TINFn+1 in the play order table, the track

descripncynéﬁggwgﬁg!gldggég:gggs ?@%ﬁ%ﬂ%h@ track "n+1." All valid TINF

val ues (track descriptor nu ng the item TINFn+1 in the play

order table ar eA%g%gp ?‘%b %t%n%ogj %%%‘onﬁi% rt%hfif%tr@ etthr l,kgh t he

programed pl ay or € 1norder-to érase a rac referencing the

track descri ptor, A‘neM/qu%ﬁﬁ%io key is %Enerated, a acﬁart

descri pt ST I Bt S5EY Y ]‘noec rAack ?ﬁtptab?e DreP53°%%he tail end
of that part descriptor |ist,, another_ part descriptor |list extracted from
the. 1 r acRiRdL i GindaE e i oFieeP Sibr S150 THAcE H3Fhef be Konbi ned.
their track descriptors need to bhe conpared so as to ascertain that the

copyr i ghtstem&d e dhg earardigiprmdedaEarareoscti e dd’l to be

obtained fromthese track descriptors to nmake sure, with reference to the
FAT tabl éligtat fragmentation-rel ated requirements are met upon combi nation
of the two tracks. It may also be necessary 93 to update pointers to the
name table. WehRs deecribeld." whens ddsgi pee¢ wribsedi rioded need £romack "n"
and a track "n+1," the track descriptor nunmber Dn describing information
about the tEATls€aton,s & iatsickacigimate fromdadel f ridok redardiatg on item Tl NFn
in the play order table. Fromthe track information item Tl NFn+1

block containing that FAT sector has ever been used. If

the recording block is judged unused, data are not read

from the recording block, and the entire cluster buffer

memory 4 is filled with zeros. This allows the unused

recording block to be handled as having an initial value

of 0. As a result, no error occurs when data are written

or read in increments 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 preceding examples, data are written to or

read from the target FAT sector in a setup where the

personal computer is connected to the disc drive unit

compatible with the next-generation MD1 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,
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in the play order table, the track descriptor nunber Dm descri bi ng

i nformati on about the track "n+l1" is obtained. All valid TINE val ues (track
descriptor nunbers) following the track information item TINFn+1 in the

pl ay order table are advanced by one place. A new key is generated for the
track descriptor Dn. The part descriptor list is extracted fromthe track
descriptor Dn. A new part descriptor is allocated, and the part descriptor
content in effect before the track division is copied to the newy

al l ocated part descriptor. The part descriptor containing a dividing point
is shortened up to that point, and any part descriptor |inks subsequent to

the di vi dj ool al s@r @r fraCadedardhie Dehied! LO0RLEEePBE! rlgaCT I DLOT 1S

set imediately after the dividing point. 7. Second exanple of the audio

data managerenio syst bR SRCONL GXANPR Qéc%@? HdtAcCat ameagenent o4

system accordl ng to the inventio now be descri 0is an

exp'anatoéxsysgxegr fsS§ ggglffgavushgstgpf9ietHfrgggsggaxstgggagddata

managenen own 1n he~audi o nag syst em of
this exa nvol ves ratin track nde n% le and a plurality of
audi o dagg ﬁé*e%h%ﬁnth eg Tﬁ% 1971 ed a?%é %aged by the FAT system
Each audi o data flle as, shoqﬂfin Fi éE} acconnodat audi o, dat a
constituting a Skl & “écl'{ad?g“e SRS W '%ftrﬂﬁ 1S The audio
data file_has a header that includes a title, decryption key information,
copyr i ghtdFifrRderEht 21 oRer Feadsrdathdt Femex FAF 0P R&EPHNOL | AdRSEE-are used
to divide one piece of nusic on a single track into a plurality of tracks.
The heade¥eneldtben tfel | @6 MPD@iee- i ndex-di vi ded tracks in conjunction
with index numbers. Illustratively, up to 255 indexes may be set to a
track. The tracKn mdep fS2le ofs Fid.i 123 .t dte deslatidbes adarsteus numbesr of
i nformati on~for managi ng the audio data retained in audio data files. As
shown i n ¢f chelZFAT helustek comexifine tlse npalegelp BATasetgroisler table, a
programmed play order table, a group information table, a track information
tabl e, amsbtaiwed. t ai atephas2d,axher ddysdlablee dinditeat efunibder asfleghedf audi o
95

first FAT cluster is acquired from the file directory

entry. In step S23, a FAT table chain is followed from

the starting absolute cluster number thus acquired, until

the absolute cluster number of the target FAT cluster is

obtained. In step S24, the absolute sector number of the

target FAT sector is acquired from the absolute cluster

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 process 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.
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data reproduction defined by default. As shown in Fig. 43, the play order
table contains information itens TINF1, TINF2, etc., representing links to
track descriptors (Fig. 46A) corresponding to track nunbers (i.e., nusic
title nunbers) in the track information table. Track nunbers are
illustratively serial nunbers starting from"1." The programed play order
tabl e contains the order of audio data reproduction defined by the

i ndi vi dual user. As shown in Fig. 44, the programmed play order table
descri bes programed track information itens PINF1, PINF2, etc.,
representing links to the track descriptors corresponding to the track

b . Th | i abl J o 1 45B,
number s e gr dUU TRt ign diapl & Sclg%p%é;f%‘}@ Igételéfg@t“ﬁtg

a
descri bes i nforration about groups. ﬁ”grou Ined as a one or
nore track avi serial track nunbers,., or se on r_mpre tracks
with prog? nﬂ%% g%?i iu$$%£kc%ﬁ%%ﬁ?§§gsﬁg%iF?EQFFy?LFhsgﬁggﬁpanfornation
table is de, of _grqup descrjptors representing track graqups hown in
Fig. 45A SESRINT oup HETER (T0r ke AR S (G T a TR T G end
track nunber, a_group nane,,k and a flqg regard%ng t?e group in question as
indicatedf}ﬁstiﬁgT4% 1S 15 RKIVHFRR B P8t 1ebF 1 8eStFREESTY nf or mat i on
about tracks, i.e music titles as shown in Figs. 46A 96 and 46H.

Speci fi ca@PyrYt hdnt k@ iS930r rkdte &G dwikle chanke 1p Lkewrk fexeriptors
representing tracks (nusic titles) as indicated in Fig. 46A. Each track
descri pt dthe ast aeping ezbsal Wig. ches et nevmdes bhas| acgeinedr pothling to
the audio data file of the track in question, an index nunber of the track,
an artisttmanebsalute¢ | cluwstinery munipenadfttheéetardet FaATochawsten, iand
recording tinme informati on about the track. The artist pame and title nane
do not cosbttained: udin reeps S34t, déscrabdE lpgientsrctiod arumddopdihd i ng to
rel evant entries in the nane table. The nane table is a table of texts

maki Ng upc &edettl FARN®SctNS 5460t 4 Tndd Of rdui A hé hebsabet & ablestermade of a
plurality of name slots. Each nane slot is linked wwth and called by a
poi nter pokmbéNdof orhder Ny i MATUEBid®8r. With the absolute
sector number of the target FAT sector thus acquired,
step S35 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 examples, the signal recording
bitmap shown in Fig. 20 is used to determine whether the
recording block containing the target FAT sector has evér
been used before. The FAT is illustratively managed in
increments of 32-kilobyte FAT clusters. Using the FAT
information makes it possible to check whether any given
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 used at least
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A pointer for calling up a name nay be an artist nanme or a title nane in
the track information table, or a group nane in the group information
table. One nane slot nay be called froma plurality of pointers. As
depicted in Fig. 47B, each name slot is conposed of nane data, a nane type,
and a link to another nanme slot. A nane too long to be accommodated in a
single nane slot may be divided into a plurality of nanme slots. The divided
nane slots are traced one after another using |inks describing the whole 97
nane. The second exanpl e of the audi o data managenent system according to
the invention works as follow as illustrated in Fig. 48, the track nunber
of a targgiedrack to be reproduced is first designated in the play order
table (Fig. 43). Wth the track nunber designated, access is gained through
alink to the tra i d i saggb i i nformation
tabl e, and the I@%ﬁ'e%%tsflééc%l ?elscf:v;r:aikgitsrotr% ret r%g@eﬁ %%%i%ﬁ#;% e. Read
fromthe ] : fl j At I nf L t di o data
file in q%@?%%ﬂfégénh?%g xls]{nﬁm ru%{ﬁ? E@A?rgéﬁggﬂg(&q%ggfi gInI],i h%tnealyarti st nane
poi nter, itle.name. pointer, original.title order_ information, and

recor di ng‘gﬁn% i Nt ﬁh%)i o‘?lnl'g%o et Jes?r%%?éegaségeoﬁaﬁﬁﬁsaudi o data file
pointer, the audio data file in queséion i ccessed and,information is °
read fronfEPECTRARTIVE Phetlt|ESCo¥ing ]%ffag]ésdé’flat]a?es%%ﬂmt ed, the key
information read fromthe header_is used to decrypt the data for audi o data
r epr oduct ¥FPTEInG b} R MAbek!li ket GRateuo- t N VAR iSH? ofththe

desi gnated index nunber is detected fromthe header information, and audio
dat a reprAfficinprmat serriedrezdm thie StematSh dthe HarsthddE miHbaf . A nane
slot is called fromthe |ocation designated 98 by the-artist nane pointer
or the tii$ecaeee®sedinter retrieved fromthe track information table. Nane
data are read fromthe nane slot thus called. Wen audio data are to be
recorded anew, alramuded first FAT entry to the last, checks are

made to see whether each of the FAT clusters involved has
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
bitmap, which correspond to used FAT clusters, are each
set to "1.”

That is, with the first FAT entry accessed in step
S43, step S44 is reached in which a check is made to seé
if the currently checked entry is 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. 1In step S45,
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
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area made up of at |east a predeterm ned nunber of consecutive recording
bl ocks (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 the 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 newy generated audi o data
file and key information are witten to the newy assigned track
descriptor. If necessary, an artist nane and a title name are witten to

rel evant t I e scli oi L&y, described with
links to {}%remg?gfl?s %ax?r%ign#r¥ ?%%%%a%.loér%geh%%hber gf ﬁ% track descriptor
in question is itten to the pl or tabl e, and the applicable
copyrightc?ﬁﬁﬁﬁ%xﬁﬁnr??ﬁfﬁ t?%ﬁ$¥¥96%§%ted. When audi o data are to be

repr oduced from_g particul rack, informatiqQn abo. e designated track
99  nunber is vlgft At e %rod‘rﬁt tt%’@ [ﬂ%e&r‘:(ﬁ’r c?’frﬂ%&%‘l%htw criptor
correspon,in(@%o the track fromwhjch to reproduce the audio_data is then
acqui red.J‘E%‘g O PR (13e% RS THIIRT i PR TAckS i FeThedi bR table, the
file pointer pointing to the audio data file containing the desired audio

dat a and WikkCh nfeles HimRRF @f Bhe TecrR¥ding RAERTH FPRFRIBNAI HRI. The audio

data file is then accessed and key information is acquired fromthe header
of the fiFAT qhesteprivnureestem Is obtdinedidi drdater i948 ,atdreddwirty pt ed
using the acquired key information for audi o data reproduction. \Were the
i ndex nundmrrespaoledingmate d;hauckookiieg rielrdducs i st ito stht tiad flieom t he
| ocation of the designated index nunber. Wiere a track “n" is desired to be
di vi ded isignal tresdkrdivig dnidkmap r adn 'steb, 'S4®,t ek nededc FAT @ntmynber Dn
describing information about the track "n" is first
is reached. From step S49, control is returned to step
S44.
Repeatedly performing steps S44 through S49
generates a signal recording bitmap in which the bits
corresponding to unused FAT clusters are left unchanged
at "0" while the 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 makes 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
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acquired froma track information item TINFn in the play order table. From
a track information item TINFn+1l, a track descriptor nunber Dm descri bi ng

i nformation about the track "n+1" is obtained. All valid TINF values (track
descriptor nunbers) following the track information item TINFn+1l in the

pl ay order table are advanced by one place. As shown in Fig. 49, using an

i ndex arrangenent allows data in one file to be divided into a plurality of
100 i ndexed areas. The index nunbers being used and the | ocations of the
i ndexed areas are witten to the header of the audio track file in
guestion. An audio data file pointer and an i ndex nunber are witten to one

track des&Ifégg* Bed age anot fese aglh© 98k auhihs&gpoi nter and anot her index
it

nunber are witten to another track descriptor Dm In this case, one piece

of rmusic ML on afck),fgj YK rc%‘:ﬁfflii d g %L!;Q:iiQieQ?th%/ fvj,%(igz.ii% ac{;%@rsqu,{&i di vi ded

into two pieces musi ¢ ML1 and ML2 over two trac isdesired to

conbi ne A | r TN+l it 0 r_tabl e, track
descri pt glfé%# %?g[?lﬂ(ﬁéis%?‘f%iﬁggi% soc}'matpigonl gblf)glﬁq:yatthégpﬁrnac%&sﬁ“ 2?5 acquired
mati on item Tl NFn t he der table, and a track

f t j nf [ I

descr | pt i hber M DARe PR 19 Oy 150 MR 956 BF¥E R it 1 o
obtained from a tracg inngéﬁgtion !tqg1T|NFn+1 iQ th &%ay order table."
All val i FEIRNES ot (%% YRST ptiF nber a5 1 31? omtfigF 2 he i tem TI NFn+1

in the play order table are advanced by one place. If the track "n" and
track "n#Fagfe IHendFSSeEivee tia%ﬁﬁyagﬂﬁ ysest £ 9t s&igled from
each other by an index, then erasing the index information fromthe header
of the fi¥RCAIEG hHAR dh&t tarermedat e i3 | ¥e¢erdEadin Fig. 50. Two
pi eces of nmusic M21 and M2 101 on the two tracks are-thus conbined into
a singl e piteap information shown in Fig. 20.

If the location of the track to which to record the
signal recording bitmap is determined in advance by the
system, the bitmap can be accegsed 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 special tracks may alternatively be
recorded in the management area (U-TOC on the next-
generation MD1l disc; control area containing ADIP—based—
control information on the next-generation MD2 disc). The
data from the DDT track and FAT track are read when the
disc is loaded, and are placed into a buffer memory. The
data thus retrieved are used as the basis for generating
alternate sector information and FAT information. These
items of information in the buffer memory are updated

while the disc is being used. When the disc is ejected,
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of music M23 on one track. Suppose that the track "n" is the index-divided
| atter half of an audio data file and that the track "n+1" is found at the
begi nni ng of another audio data file. In that case, as shown in Fig. 51, a
header is attached to the data over the index-divided track "n" to create
an audio data file acconmodating a piece of music M32. The header is then
erased fromthe audio data file of the track "n+1" carrying another piece
of music M41l, and the audio data of the track "n+1" with the nusic title
MA1l is connected to the audio data file of the nusic title M32. The two

pi eces of nmusic MB2 and M4l are thus conmbined into a single piece of nusic

Mol on(ME%érfﬁﬁétg@eapgg§§ﬁ§gig%g?%geﬁéﬁo%@géfggn%gg pxrtwo functions. One

function 1 nvolves adding a hea I ndex-di vi ded tracks,

encryp i ng, £5.AGk: (o 1o g & i ehento SGK YR Op, ke 10 gREN. (rack, and

transformng 1 ndexed audi o data into a Single audrio a e. The ot her

function ,jnvolves, erasi ng_h r. informat.ion-froma give udio data file
and connetc{allclc:ﬁ)}f;' t?lqer §AEE Ok 1(:‘ar %%t%lﬁgl et 0 Salr%nt%lerreacl?cﬁc%'%t aﬁi‘r?arpe.tOLOZ 8.

Operation duging connection wth the personal co ug r The next-generation
VDL and B SR cHe® deiRt THES PRy st oriele (ReFtCHbi% Managefent system in
order to secure conpatibility wth personal conputers. It follows that
next - genefa | ¥ WL i WDX RS drite (%P t P r &€ of BORNtRe PP Bduce not only
audi o data but alsolggneral data handl ed by personal conputers. On the disc
drive unitrack ami FARtEragke reproduced as they are being read fromthe
disc 90. Wien the ability of the portable-type disc drive unit 1 to access
data is taken i Whenadbeumtiscaddi dodged. siidd & igmeflemesiordiara ecor ded
sequentially on the disc. Hy contrast, the personal conputer has no
consi der &iturag oirn B ixm icomeari fxomhiers wecorndimt tracktdmddi sc; the
PC records data to any free areas found available on the disc. The
recor di ngdYaprddudti g lappaeddns. oEviehy itiwentdatia hae twhd trers eiyadw conput er
100 connected to the

to a recording block, the corresponding signal recording

bitmap entry is updated in the memory. When the disc is

ejected, the updated 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

information from the signal recording bitmap track. In

step S61 of Fig. 26, with the disc loaded, information is

read from the signal recording bitmap track of the disc.

In step S62, the information read from the signal

recording bitmap track is written 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
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disc drive unit 1 through the USB hub 7 so that the personal conputer 100
my wite data to the disc 90 |oaded in the disc drive unit 1. In that
setup, general data are witten under control of the file systemof the
personal conputer 100, while audio data are witten under control of the
file systemof the disc drive unit 1. Figs. 52A and 52B are expl anatory

vi ews sketching 103 how managenent authority is noved between the
personal conputer 100 and the disc drive unit 1 connected therewith through
the USB hub 7, not shown, depending on the type of data to be witten to
the disc loaded in the drive unit 1. Fig. 52A shows how general data are

transf errggod@md r@it@rﬁé%%'u e&vdPP £ Ombhgadhsardrivyeruht 1 for
recording onto the disc 90 in the drive unit 1. In this case, the file

system onadrlg,%g 'B‘%‘Bénﬂrég&@ﬂﬁe%%@”p”t er 100 provi des FAT managenent

over the IS ass at the disc 90 has been formatted by

ei ther the next-generati st or .t he next.genperation NM)2 system

Vi ewed fromthe I%ersgggjalﬁéo%t% 100, t%heencoérbnée(c%%déldllsgce r(ft_veedz'unit 1

functions_apparently as a Jenovable disc under PC ¢ %rol. The personal

conput or 0 WHALHEIFIT L B T dat R SRGFRon AL BRSC 50 in the

disc drive unit 1_.in the saﬁe ftlnner that, the PC wites.  and reads data to
e

and from™BERPEXi bII& F&P S S WRAATET I FESHEHPT TR 100 may

be z, furnished as part of the capabilities of an OS (Operating Systemn
carried bYPHherPerigrd AkS i W ikhen KrRwhie t Hkdew!l ne§CPe+RSoPHER2RS suit abl e
programfiles on a hard disc drive incorporated in the personal conputer
100. Uportua®zk owtidre -ddsScthe programfiles are read and executed by the
personal conputer 100 to inplenent the OS capabilities._Fig. 52B shows how
audi o data are tImaddfserdmdd ifalomtalte ,pétworialf commgiuitaay 1edd tio tthee di sc drive
unit 1 for recording onto the disc 90 |loaded in the drive unit 1.

signal recording bitmap track is all zeros. Upon each use

of the disc, those bits in the signal recording bitmap,
which correspond to the recording blocks subjected to
data write operations, are each updated to "1.” This
information in the signal recording bitmap is written
back to the signal 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 turned
into a signal recording bitmap in the memory. These stebs
make it possible to generate 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 illustrated in Fig. 17, the media drive unit 2
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The audio data are retrieved illustratively fromthe hard disc drive (HDD)
hel d 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
al so 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 information recorded on
the disc 90. This utility software is held illustratively as programfiles
on the HDD of the personal conmputer 100. Described below is how audi o data

ded ' : typicall
recorde ﬁ%%gﬁ%@%ﬁ%m %ayF%cQ%%ﬁﬁ%é COIPLL € %{i’g e typically

transferre to the “disc ded in the disc drive unit 1. It
| s assumeg that {neddd b Sefdoa quEnt i onedabove. | 2. bogt, i n advance.
The user TITSU perforns an operation on 't he personal conputer ﬁOO causi ng
it to wite desired audio 105 dataﬁgc lled th aug{o dat a her eunder)
fromits HH5 1 Plhe O SFTRRIT MDA GHR S8R L0, BIAREDper at | on
triggers the utility software to issye a wite request command requesting a
wite opé?tat§im 'H*frrttr%’lfﬁjd‘iso %‘%F‘%QSEM G Rl RO PRt request
command is sent fromthe personal conputer 100 to the disc drive unit 1.
The audi FldatResisr e FofeR WEddef PEMrERE RPBTGL ioHe 9Fetdénaliscout er 100.
The retrieved audio data A are subjected to an ATR AC conpression encodi ng
process BN tdrtigal ihgpadof? i@ riamehbaaie grirsdme dodputer 100. The
process turns the audio data A into ATRAC- conpressed data that are
t ransf er rewkrfaeem t he personal conputer 100 to the disc drive unit 1. Upon
recei pt of the wite request conmand fromthe personal conputer 100, the
di sc drive unit Fbrstaet srmi¢ceciopengttiba, AERACoptipads heddadd o data A being

outputs a laser beam at a level high enough to heat the

recording track up to the Curie temperature; for the read

operation, the 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 effect. 1In

order to implement these capabilities, the optical head

19 incorporates a laser diode as laser outputting means,

an optical system made up of a polarization beam splitter

and an objective lens, and a detector arrangement for

detecting the reflected light, not shown. The objective

lens in the optical head 19 is held illustratively by a

dual axis mechanism in both radially and perpendicularly

displaceable relation with the disc surface.

A magnetic head 18 is positioned in symmetrically

opposite relation to the optical head 19 across the disc

90. The magnetic head 18 applies to the disc 90 a
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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 interface 6 and nenory 106 transfer controller 3. Wth the audi o data
A fed to the nedia drive unit 2, the systemcontroller 9 causes the nedia
drive unit 2 to wite the audio data A to the disc 90 under control of the
FAT- based managenent schene of the disc drive unit 1. That is, the audio

data A A fia E&&@nfi@l&lh§odﬂné&u99t88n§§CHB' ¥8 ¥eb@nthE§€§nH§F9f four
recordlng 64 kil obytes X 4) based on the FAT system of the disc

drive unifydyoloh hoﬁhg?ggg?a@ﬁélrg Qper at LenqoRtLBe Qlaﬁc 991E§SC°W' ete,

there occur exchanges st at us |nfornat|on connan bet ween t he

per sonal %gﬁegégéﬂlggr 8v£h§ %écnéé ¥gluH| tﬁﬁ aafa Lth,_a suitable

pr ot ocol . anges are 0 con e ranSFgr rate in
such a manner _{hat _neither. ov ow_n under, occur the cluster
U fer 4 5p% afaaiW?%ﬂeﬁbctﬂ%aﬁﬁi%el?eﬁﬁssfaﬁaﬁ#aﬁvarﬁﬁ 1608k KBsve. an
erase request command nay be utilized by the personal conputer 100. The
erase req@eSt-command is used to request the disc drive unit 1 to erase
audio data fromthe disc 90 |oaded in the unit 1. For exanple, when the

personal conput e PEicHoMRAG & 132 Rl drierd U {eXe@HeR the di sc 90
is loaded in the unit 1, the utility software reads the track index file

fromthe Hubgesdrivee megreeiediéald wpdulayion: panseerrt@ £PBM the disc
drive unit 1 to the personal conputer 100. Based on the_received data, the
personal tofipoitesindl nyrkingstent thel pertsgengration| ¥DRi disof
On the current MD system disc or next-generation MD1l disc,
the optical head 19 and magnetic head 18 carry out a DC
emission magnetic field modulation process.
The media drive unit 2 also includes a recording
processing section, a reproduction processing section,
and a servo section in addition to the
recording/reproducing head section made up of the optical
head 19 and magnetic head 18, and the disc rotation drive
section formed by the spindle motor 29. _
One of three kinds of discs 90 may be loaded: the
current MD system disc, the next-generation MD1l disc, 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 turntable is rotated at a linear velocity
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the audi o data held on the disc 90. Suppose that the user at the personal
conputer 100 views the displayed title list and perforns an operation to
erase certain audio data (called the audio data B hereunder). In that case,
information designating the audio data B to be erased is transmtted to the
disc drive unit 1 together with an erase request command. G ven the erase
request command, the disc drive unit 1 under its own control erases the
audio data B fromthe disc 90 as requested. Because audio data erasure is
executed by the disc drive unit 1 under control of its own FAT system it
is possible to erase audio data from say, a huge file conbining a
plurality

. . | ai . Fi gs.
D ol e -Gushatiay 201 bes o2 erBl Al AR 414 ok oL eEeR0aR 0T 0
Protecting the GARY IO S I %@g%coesdsaﬂ%rﬁe%&{g&g ﬂtpci@g?glé‘g%% requires

est abl i shing appropriate re 1 ons eir copying to other storage
medi a. Consider a case i@ whi ch %ﬁ?%8 gata hel d on thetdisc 98 égg are
t ransf er rRIFFFIRF § R ILORF U 1795 BhECpefFSEhaF E8RpaTEr 100 for
recording_illystratiyely onto,the HDD in the PC. It is assuned here that
the di sc O0F HEREHIBAAVHF FEPR el LT LEF hEP YRECReRFTGEREPAEPERERDL syst em or
t he next-generation MD2 system It is also assunmed that the operations such
as check-Tedahatededatautd 2v¥dbe BFrackssed bBPoGMTERBEpYPf SYREE UNder
control of the above-nentioned utility software carried by the personal
conput er dbec, Auad otlieit atep perbiaedubhlinéngi BESosandr EDEj iBt noved to the
personal conputer 100 as shown in Fig. 53A. The "npve" operation represents
a seri es ofmbhinabienifer ueivgrtdercepyioyg andt nbet ArgePPaudi o data 200 to
t he personal conputer 100 and erasure of the audio data_in question from
t he ori gimadubabiagefordiara (moduladiee 80)as to write error-

corrected modulated data to the next-generation MD1l or

MD2 system disc.

The reproduction processing section includes two

portions: one adopting EFM for data demodulation and

ACIRC for error correction in reproducing data from the

current MD system disc, and the other portion utilizing

the 1-7 demodulation based on data detection using the

partial response scheme and Viterbi decoding method for

data reproduction from the next-generation MDl or MD2

system disc.

The reproduction processing section further

includes a portion for decoding ADIP signal-based

addresses used by the current MD system or by the next-

generation MD1l 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
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That is, the nove operation involves deleting the target data fromtheir
source |l ocation and noving the data to their new destination. A check-out
is defined here as the operation of copying data fromone storage nediumto
another, with a rightful copy count (i.e., the nunber of tinmes source data
are allowed to be copied legitimately) decrenented by one for the data in
question. A check-in is defined as 109 the operation of erasing
checked-out data fromthe check out destination, with the rightful copy
count for the checked-out original data increnented by one. Wen the audio
data 200 are noved to the personal conputer 100, the data are sent (as

audi o dat@; 20059 ﬁ?o&ﬂ@e§tQrﬁgﬁléBQE&”1§$ﬁB BaahheepPsahcbbgvReLEONa
conput er 100 for recording thereto, and the audio data 200 are erased from

the disc QQEO%EtP@ﬁS@Q%CEQgpPESﬁ 409 ahen. sepise adegllouabl e (or some

predeterm ned) check out (CO count 201 for the noved audio data 200" as

shown i n Fhgor@dBiohn tLs eXaRleoct ee AL LOMARLERENBEKAOULLCHYNL 15 sel

for "3" as In by thfee igure e audio

dat a ZOOh%ﬁég aé go£0d9§e3@1 %eg?g e%ign%%ge%ggrso al_conpputer 100 to

an exter e nedi unm as nes - as onabFa™ Ché k- out count
t hus establlshed he ﬁg Eked 9$t audi o data 200 renmi ned erased from
t he orlglﬂ%T d?%ca@ '?m tF4®be“t nconveni ent for the user. The possible
i nconveni ence i s redressed when t he audj o data 200" checked out to the

personal conput éReLdH &Pl hRUPIF theE R KerCtefhen the audi o data

200" are witten back to the original disc 90 fromthe personal conputer
100, the HpforiBdtEORhERRS otiecebYd FQ deErenentedveytage (3 - 1 = 110 2)
as shown in Fig. 53C. At_this point, the audio data 200~ held in the
personal e@RpREeionpoamphi Ei¢atioe, cardkedtsi £PAREAELYNt #hce and t hus
will not be erased fromthe PC 100. As a result, the audio data 200" are
copi ed fr@md@het@e¢xbn@¢tcnmpn@@mca@oimﬁorMQtﬂbscigcladdng a

reproduced RF signal, a tracking error signal TE, a focus

error signal FE, and groove information (ADIP information

recorded as track wobbles on the disc 90).

When data are reproduced from the current MD system

disc, the reproduced RF signal obtained by the RF

amplifier 21 is processed by an EFM demodulation unit 24

and an ACIRC decoder 25. More specifically, the EFM

demodulation unit 24 binarizes the reﬁroduced RF signal

into an EFM signal train before submitting it to EFM

demodulation. The demodulated signal is subjected to

error correction and de-interleave processing by the

ACIRC decoder 25. At this point, 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,
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hel d there as audi o data 200" The all owabl e check-out count 201 is managed
by use of the copyright managenent information contained in the track
descriptors in the track information table (see Fig. 34B). Because each
track is assigned its own track descriptor, the allowabl e check-out count
can be set for each track (each piece of audio data). A track descriptor
copied fromthe disc 90 to the personal Conputer 100 is used as control
information for nmanagi ng the correspondi ng audi o data noved into the PC

100. Illustratively, when any audio data are noved fromthe disc 90 to the
personal conputer 100, the track descri pt or correspondi ng to the noved
audio datgnl sspOLedy |96 [ 0P1 B 100 dOfoRE{200a! aAfRAPULERDIA0ULI |1 2es The
copi ed track descriptor in managi ng t e au ata noved Tromthe disc 90.
comparcr SRHE°GS PhaAEMEnEA SRS et AP S T
descriptor. in gﬁm"r{%ﬁan i ear%%&gﬁ%ﬁ%érﬁ”aeln%wwb’” yright
managenent nf or n i ncl udes an (ﬁqw ment r jdentifying the

check- out'@ Jc%can‘bh% T ANECT ?%rs?'%ﬁ |‘P]9Fﬂbn?ﬂeb¥5h'é]&‘ﬁed out

content (i.e., audl o data). In_the se"te%E of FI%’R 53C, .the equi pnent |D of
the copy %s‘?‘f‘?ﬂa’ffb‘ﬁr deli ke $od k9 3% RibhLed) BR demodalabhent Unitin t he
copyri ght rraqr:}ggerrent i nformation corresponding to the audio data to be

copi ed. 142 t3rd eafyi BelRC | d25oehe2 TopHaxghtsResddetaddy i efisramattien does

not match the equipnent ID of the copy destination device, copying is not
permi t t edreprodieed R ks tanalor ddes SRIL 6 - Fi BB . dagadeheaolgh 313 2he audio
data held on the disc 90 are noved to the personal conputer 100 and then
witten hpekfcoons hdath stetdfct ilde tpoomeghurBR fppeay s1 ddlipdr cBR €4, f¥ om t he
user's viewpoi nt and could be perceived as a waste of tinme because of the
tinmes i nvblMkdnd Vissting ddwodimy oalad@qdioen ddermll 6T-90 @sde Wi ting the
sane data back to the disc 90. Furthernore, the user would find it aberrant
for the atuhin ded ardprdducsdiseiba evane SmAilidtiod et e
subjects the RLL(1-7) code train to RLL(1-7) demodulation.
The demodulated data are fed to the RS-LDC decoder 23 for
error correction and de-interleave processing.
Upon data reproduction from the next-generation MD1
or MD2 disc, the selector 26 is set to contact A. The
selector 26 in that setting allows the demodulated data
to be output as the reproduced data from the disc 90.
The tracking error signal TE and focus error signal
FE from the RF amplifier 21 are sent to a servo circuit
27. The groove information from the RF amplifier 21 is
supplied to an ADIP demodulation unit 30.
The ADIP demodulation unit 30 submits the received

groove information to a band-pass filter to extract the

wobble components, before effecting FM demodulation and
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di sc 90. Such awkwardness is avoi ded by ski pping sone of the above steps
upon a check-out of audio data fromthe disc 112 90, so that the outcone
in Fig. 53Cis reached in nore sinplified fashion. Explained belowis one
such sinplified procedure executed in response to a single command fromthe
user, such as "Check out audio data named XX fromthe disc 90." (1) The
target audio data are copied fromthe disc 90 to the HDD of the personal
conput er 100, and the audio data recorded on the disc 90 are erased by

di sabling part of the managenment data about the audio data in question. For
exanple, a link information item TINFn linked to the track descri ptor
correspongi Bigato §&Ro@UthLidA ol SeRbASELLET CRLLABIB! 8YgRLTEr fbl e, and a
link information rtem PINFn Iinked to the trac descrlp?or corresponding to
the audio ' I he.p r j b
AIternati%%@égu%%%gﬁrgéﬁgdééggé%tg?sfgﬁeﬁse ggéé%%rgéggéﬁ%?ngft%n?he audi o
data in qygstion may be erased. This step renders the audi o data unusabl e
of the dist 90, after noving the data fromthe disc 90 to the personal

conput er 100. ( en the aydig data are copied to the personal conputer
100"in step (1) ! i Rk A @ MEoRRg A0 The audi o
data are also_copied to the HDD of the PC 100.  ( The personal conputer

3
100 recor¥iRl ;d393. the iR PR AFPBRRPBI &S chbSRE Bt t8olPRI(e@8g. | three
tinmes) to the copyright managenent information in the track descriptors
cor r espon®rein t Bt g audli o Uattdre sisdd qanarat iy d®2 (dida+ By di sc 90. (4)
Hased on the track descriptors copied fromthe disc 90, the personal
conput er 4VUtBRLUI reke ARDNt 2pEteD rwnlkex pbhdfoigr tbithel @ eds audi o dat a.
This content IDis recorded as indicative of the audio data that nay be
checked i hlbubbegent iy Fig) The [Fves@tdrasenplaander0®2 keratkesy enents by

the ADIP address from the current MD system disc or next-
generation MDl disc, while the address decoder 33 decodes
the ADIP address from the next-generation MD2 disc.

The ADIP address decoded by the address decoder 32
or 33 is sent to a drive controller 31. Given the ADIP
address, the drive controller 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 received groove information and a reproduced
clock signal (PLL clock signal in effect upon decoding)
to obtain an error signal. Based 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
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one the all owabl e check-out count recorded in step (3) above to the
copyri ght managenent information in the track descriptors corresponding to
the noved audio data. In this exanple, the all owabl e 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
audi o data are enabled. This is acconplished illustratively by restoring or
reconstituting the link information itens TINFn and PINFn erased in step
(1) above. Were the track descriptors thensel ves corresponding to the
audi o data were erased earlier, these track descriptors are reconstituted.

Al ivel he. di k d ' . be_114 f d
from the BOPEbAY StaNBEerS 180" (b PAE BISEONFFYS BARLEE f 5PPECor di g ont o

the disc 90. Carryin ut steps (1 hr ough_ (6 bove npletes the entire
check-outCﬁPBEQéugégg?ﬂe §i%§s°3é?%?i Ebﬁg?ﬁg %PgdﬁgFPégeaGBPGrﬂita from
the disc 90 to_the personal conmputer 100 while sparing the user redundant
chores an8ignddli Rgsedpyri Ghe pPoReLei 8RFPEr StEB2hudPB 8BBa in questi on.
The audi o data_ copying steps il) t hrough (6) above are applied preferably
to the aubiFaching eruerweienicordefoeRbocrRerdpignad byomhehgsBF operati ng
the disc drive unit 1. Checked-out audio data are checked in as foll ows:
the persoamplibiput 2, 100 onrattxeakchenpf opmnpnddandr ad dacassr om anong
the audi o data recorded therein, as well as for control information such as
copyri ght commagénéntmi bher daivenconttbkleor Bespdittd rptvackomtesat i pt or s
Wth the audio data and the control information found and ascertai ned, the

t arget daghgaabschrakedeharacedr dragbytpdd. c€oaxinstencérirerhes.
next - generation MD1 systemw th the current MD system The next-generation

MD1 syst embeanspseifheasayp €hscsagdept edrbyithg7cyubeattyDecrgst em even
t hought the
servo error signals and commands to such processes as
phase compensation, gain processing, and target value
setting in order to generate the diverse servo control
signals.

The motor driver 28 generates servo drive signals
based on the servo control signals fed from the servo
circuit 27. The servo drive signals generated by the
motor driver 28 are made up of dual axis drive signals
for driving the dual axis mechanism (two signals for
driving in focusing and tracking directions), a sled
motor drive signal 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 or CAV control over the
spindle motor 29.

When audio data are to be recorded to the current
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115 disc format of the next-generation MDL systemdiffers significantly
fromthe disc format of the current MD system This necessitates nmaking
arrangenments that will keep the user fromgetting confused when using
either of the two disc formats on the same disc drive unit 1. Fig. 54 is a
schematic view portrayi ng conceptually how the next-generation Nr system
and the current MD system may coexist in the disc drive unit 1. The disc
drive unit 1 conplies with both digital and analog formats for the audio
signal to be input and output. Gven a digital audio signal, a
next-generation MD1 system 70 in Fig. 54 detects a watermark fromthe

si gnal by, redet er m ned ryptj Lt,72 encrypt the
si gnal usqn%ggiﬁségle'}‘n %)sr‘?rht? o@aé%é,]t%%g“téeggdsgggeygnéggﬁggé El‘gn{é ®to a
recordi ng/ reproduction unit. 73. If a og_audi o signal, Ls supplied, the
VD1 syste%ﬁ’ls‘gctg%]f S D T tihe %mh%ﬂﬁ?g?ﬁ iﬁv@?fi #El«\g signal into a
digital audio data sigpal-, detects a watermark fromthe audi o data signal,
encrypt s TR GHRR Unhly S2rR FYRCIHR yptldl Wighate bW« Hg’xe
recording/reproduction unit 73. The recording/reproduction unit 73 subjects
the encryRERFERED Rl TIUMRAT BN sITSH PEBBERFINTHBnit 10

conpr essi on-coded audi o data are converted to 1-7pp nodul ation format

t oget her a¥e hsubiteqesd | @ okmerTlea VRl AUG-esHbnGrandee¥ray recorded to the
di sc 90, not shown. If the watermark detected fromthe input audi o signal
cont ai ns ¢dtumet oon veddind iy duze RCIRGremedéder then Thwe output of

recordi ng/ reproduction unit 73 may be inhibited fromcarrying out any wite
oper at i onclae T IRO Brycodanr Budi=n slatmi ttepd ddocEFdnprooedsihg bawdi o data and
the correspondi ng key information 74 are read fromthe disc 90 by the

recor di ntiepErduaddwintivd Wdit Tie. data are decrypted by a decryption unit

75 using the key

The EFM-modulated data are fed to a magnetic head
driver 17 through the selector 16. The magnetic head 18
applies to the disc 90 a magnetic field representative of
the EFM-modulated data, whereby the data are written to
audio tracks on the disc 90.

When audio data are to be recorded to the next-
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 to function. In 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 RLL(1-7)PP
modulation unit 13.

The write data in the form of an RLL(1-7) code
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information 74, whereby a digital audio signal is acquired. The digital
audi o signal thus obtained is converted to an anal og audio signal by a DA
converter, not shown, for output. Alternatively, the digital audio signal
may be out put unconverted without the intervention of the D/A converter. A
wat ermark may al so be detected fromthe audi o signal being reproduced from
the disc 90. If the detected watermark is judged to include copy guard

i nformation, the recording/reproduction 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 managenent
i nformati erja eren stem ,before being forwarded
to a reco?g?gé/?ggfgéﬁcﬁéokhéﬁﬁggg%g§g ggéEA§¥éH§Foéga% F8U§§gﬁ , if
supplied, is converted j,0 digital. audio a_by. an D converter, not
shown, be?8i8°g8f[n&%f ed’hf% T#%%%%%%p?%%ﬁ?%%ouW? 55CTH& anal og
audi o signal is not %uriished wth generation nanaaegent i nformati on by
SCMVS.  The?r BREPEFAG/ FLBIIdhEPFoReBhAELYE ShbMPes™PAELREEE #882audi o data to
ATRAC conpy essj on _encodi ng. The conpressi on-coded audi o data are converted
to EFM f oVheteB¥r bhe BaFagasei vrthtes EReasfdde bvackst oBhEWR. dESE audi o
data reproduction, the desired audio data are read as a digital audio
signal fr8frthe disc 90 by the recording/reproduction unit 76. The digital
audi o signal is converted to an anal og audi o signal by the D/ A converter,
not shown, for Jthewpurpiserafatd Vaser tdiiveg/ART 20di® tvghald nmayo be

out put unconverted without the intervention of the DA converter. In the
above- descaubedthestadervéiodettd emithachathe heat- deméngt the MDL system
and the current MD system coexist, a switch 50 is provided to switch
explicit| yebét arénwibee oppe st bonsvdesdescikhipetivabdPesyahénto I n
particular, the switch 50 is used effectively when audio data are to be
recorded &pfébe 8bseaPledFApc DAutSmariext.esszl pywew obnerpdyt abl e-type
disc drive unit 1. The disc drive unit 1 is equipped with a 118

Although not shown, a detector for monitoring the
laser power level is incorporated in the optical head 19.
A monitor signal from the detector is fed back to the
laser driver/APC 20. The laser driver/APC 20 compares the
current laser power level acquired as the monitor signal
with an established laser power level to find an error
difference. By getting that error difference reflected in
the laser drive signal, the laser driver 20 keeps the
laser 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
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hi nge, which is located in the rear and hidden in Fig. 55. 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 the disc 90 is inserted along the guide and the lid 54 is swung
shut, the disc 90 is |oaded into the disc drive unit 1. Wth the disc 90
thus | oaded, the disc drive unit 1 automatically reads information fromthe
| ead-in area and U-TOC area of the disc 90. A phone jack 53 serves as an
anal og audi o signal output term nal. The user may plug audi o reproduction
nmeans such as headphones into the phone jack 53 to enjoy the sound of audio
data repr o] 9 Al t hau ot .shown i the disc
drive uni?gggfgbgﬁs%b%pgvgéégeﬁgfhs$5VPo§§628§§OP8( QSEF ?lﬁﬁrposes keys
for deS|gnat|ng di sc ogeraklons uch as g x, record, é gaus f ast
forward, SRATPERPRd: 2REySaF3r T8 tPﬁﬁr?ﬁ OB dRECdRF]PERAY oFREE LRAF or mat i on
hel d on the disc 90; and keys for inputting commands and data into the disc
drive uni ?4%: These keys are located illustratively on the body 55. The
above-nentioned switch 50 is attached illustratively to the lid 54 of the

di sc drive unit I BIshbln RIFFQRS 55 aRhB e kesed by dasleedairly | arge
in 119 size and | ocated conspicuously to attract the user's attention. On
t he di sc dinge mﬁYteichani@mgg?m@héedmﬁﬁch Bbngdespbin swktuhbbl e either
to "MD" for the operation node of the current MD systemor to

"NEXT- GENE®ATL ON MD' for the operation node of the next-generation M1
system The lid 54 is also equipped with a display unit 51. The displ ay
unit 51 displays various operation states of the disc drive unit 1 and
track information fromthe disc 90 |loaded in the unit 1. The display unit
51 al so gfvesmitsictleiesat ith ol iren& 4 dercary thited iMoL vidd Mie Opggati on node
set by use of the switch 50. Described below wth reference to the
flowchart of Fi dn Hotis thaw ddie: Hefe vt Msh W1 didoy iRl Be Wks- When

generation MD2 disc, a unique ID (UID) is recorded in
addition to the FAT for security management purposes as
mentioned earlier. On each next-generation MD1 or MD2
disc, 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 recorded to that location
beforehand.

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

next-generation MD1l system.
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formatting the disc 90. The steps in Fig. 56 apply when a so-called virgin
di sc (unused disc) is to be formatted. In the first step S200 of Fig. 56, a
current MD systemdisc 90 is |loaded into the disc drive unit 1. Wth the

di sc 90 | oaded, step S201 is reached in which information is read first
fromthe lead-in area and then fromthe U TOC area on the disc 90. In step
S202, a check is made 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 MD1 system If in step S202 the operation node 120 i s judged
set for the current MD system step S203 is reached. In step S203, the

| oaded di sc 90 iy WG USEDIBAS Bhedrbet MY sysisnedisg wth no need
for further formatting, which is characteristic of the current MD system

The diSp' §8%Ee5& %?8819&82?1228g8§%5€88 Eﬁgkcéhi8§gﬁg¥knghég%t the disc

90 is a b I'sc rn'ste e operation no I'sc drive

it 1 dged t_f t t 1 h 8204
) e i e
bl ank di f | ds b f { 5
regghedlZﬁ?%ﬁé??Egg%ber?ﬁlg?egggzggggéﬁe é§$a§nhﬁ+$ 5{§?§gﬂaﬁg tgsdisplay

a nessage asking the user whether or not to proceed with formatting of the
di sc 90. PRY{RE HBEFe P Y8SSantiAsttBEt FEAVEpEEEFynY~LRh&E BhEABASE 90 is to
be formatted, step S206 is reached. Illustratively, the instruction is
entered | PeBPeRes#PRal dEpyEhEnPFOR ey edharaadcfospRpat AfigthestiPaBEe key on
the body 55 of the unit L_ 1. In step S206, the disc drive unit 1 submts

t he disc Qbet@lacfbnnﬁ‘@ﬁihgomodéytﬁlbfn@‘dﬁeswal@@@er%ﬁ%m arE systemin

t he manner described earlier with reference 12| -
prohibited from accessing the UID-filled area. The UID is

not limited to random number signals; it may be given as
the combination of a manufacturer code, an equipment code,
an equipment serial number, and a random number. It is
also possible to 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 flowchart of steps for initializing a
next-generation MD1 disc. In the first step S100 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 memory 5.

The location to be accessed in step S100 is an area
outside the FAT area in the next-generation MD1l system
format, such as the lead-in area. If the disc‘90 in

question was initialized in the past and is already
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to the flowhart of Fig. 18. Wile the disc 90 is being formatted, the
display unit 51 should preferably indicate the formatting process is in
progress. Wth the formatting process conpleted in step S206, step S207 is
reached. In step S207, the display unit 51 is made to give a nessage saying
that the | oaded disc 90 is a bl ank 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 S208, the display unit 51 gives
an indication pronpting the user to set the switch 50 for the operation
node of the current MD systemin the disc drive unit 1. In step S209, a
check is p. e ] i I to see

whet her the s%?@%%gwgﬁﬂf%EDgﬁﬁ?E%ABSEé%ggégggcﬁggggg gég%%ggdthe i ndi cation
on the displa nit, 51 J.f.the setti Qf the switch 50 is judged unchanged
in step 1:’eyaé\élti r%—e(?utélloso rmeaé’og)r‘ﬁ zE"g(ngaPneaé c‘@}lﬁ%laﬁ)%r?%lfharéneed to step
S205. Fig. 57 is anqther flowchart of steps carried out b he disc drive
unit 1 in format ﬁ‘gzeé’ vir%in %tsac ity I’?)eafg%‘fff‘? etr%iq'r}'.'e I%‘gchr?%o of Fig.
57, a bl ank (unused)(?isc 90 is loaded into the disc drive unit 1. In step
S301, i nfbR i BiMiBOTRIRE IR REPFRAT t hAVTiddRT Rard P Herk? rom t he
U-TOC area of the disc 90. In step S302, 122 based on the U TCC

i nf or mat i Ve tHUECACkR irEoridfelen skPaySerr¥ing tyonkdeds oofi arean:
indication that the | oaded disc 90 is a blank disc. In step S303, the
record kedn (mbrrishovagk orandeaniiarealrof et nacks 1£oElopenat tldet BDT nst r uct

that data are to be recorded to the disc 90 in the disc drive unit 1. The
recordi narest ructi orameyree i winicly déeadise deoi be vacordedoinonly by
operation of the record key of the unit 1 but also from say, the personal
conput er 1NO0TpE ansdbekadi dro fdwemakt sc Tor istepurd102], déittah drdee wreiddreth ng
instruction given to the disc drive unit 1 in step S303, step S304 is
reached. d¢ e 04, tvachenk-EFS faefat 0 SEe Ml lEro3 helaeeraatd on node
of the disc drive unit 1 is set by the switch 50 for the next-generation

| ~1 syst e Pitd®rtd hth& WHEHrdD Sy St mpp | hodill £t £6n SB&AmatHe operation node
of the disc drive unit 1 is judged set for the current MD system then step

S306 is reachedrn BterB19306a YIPLGY HNRDAALL Hik Hfad ML ient MD system
is started on the disc 90. If in step S304 the operation node of the disc
area such as in the DDT area. If the UID was read from
its predetermined location and placed 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 location on the disc or if step S100
is skipped outright, a UID is generated based on a randsm
number signal and the generated UID is recorded. The UID
is generated illustratively by the system controller 9.
The generated UID is fed to the media drive unit 2 via
the memory transfer controller 3 before being written to
the disc 90.

In step S105, FAT and other data are written to the

area for data storage in 1-7pp modulation format. In
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drive unit 1 is judged set for the next-generation MDL system by the swtch
50, step S305 is reached. In step S305, the disc 90 is formatted by the
next-generation Nm systemin the manner described earlier with reference
to 123 Fig. 18. Step S305 is followed by step S306 in which a recording
process of the next-generation MDL systemis started on the formatted di sc
90. Described below with reference to the flowhart of Fig. 58 is how the
disc drive unit 1 typically works when recording audio data to the disc 90.
The processing vari es dependi ng on whether the operation node of the disc
drive unit 1 matches the type of the disc 90, i.e., whether the disc 90 has

been for e t n i t fi step S210 of
Fig. 58, %&ggi‘g%r%%'igﬁ ogglgdfléﬁ%%&?ﬁ%@éi 2%{@%?%;13% ?ﬁ BEFR L he dise 90

| oaded, s 1 LS. ! Leh_j nmat [ 0R_. | i r fromthe
| ead-in a%%g gﬁ% ?%%% 5?%%??E%QRrQ?§:%¥§g8@f %%e&%%§55§§8 égggé’on t he

U TCC infq[rll Ei n tgygnre%rkgged a 8h§£k IS made in 3teﬁ SZlE to determ ne
whet her t e T oaued®aret 35 TRECTOFRaT %?e?h@aﬂ%§?-gg g?ﬁt Bﬁ MDL system
or the fogg?t of the,current ME gﬁstenl The check is made illustratively on
the basis RRRERer L2 RCHAA 2R e been retrieved fromthe U-TOC area.
Alternatively, the check may be carried out based on whether alert track
start location iFf%r et iish 3 LiBERpEH eahetgrroder dhiinkizinsa s, the
display unit 51 is nade to 124 indicate the disc type determned in step
S212. | n Bexp-genarathensiB (dise . t HO |theldd it StRP 1SLIN spf Faed on t he
display unit 51 in accordance with the information read fromthe U TOC
area. |18t ratpyedgterhingdshpegtion where a UID is supposed to

be recorded beforehand such as the lead-in are;, or the
DDT area if the disc was initialized in the past, is
accessed to determine whether a UID is recorded there. 1If
the UID is judged recorded, that UID is read and plated
temporarily in, say, the auxiliary memory 5. Because the
UID recording location is fixedly determined in the
format, it can be accessed directly without reference to
any other management information on the disc. This
feature may also be applied to the processing discussed
above with reference to Fig. 18.

In step S111, 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 DDT 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 memory 5 in step S110. If in

step S110 the UID was not judged recorded in the
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i ndi cates whether the | oaded disc 90 is a blank disc. If the disc 90 is not
a bl ank disc, the disc nane and track name information are displayed. In
step S215, the rotation of the disc 90 is stopped. In step S216, a check is
made to see if the disc type determned in step S212 matches 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 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 be a current M
system di sc on the one hand; and where the switch 50 is judged set for the

operationﬁgggggggmﬁﬁgdnﬁéé?g?ﬁﬁrgﬁigﬂeNg&séySEEngﬁdU&Beigoaded disc 90 is

found to or ma e next generafion system on the ot her

hand. | t S217, d b ded f di 90.
rand, | §hRBeSF ARt BaBp IR PECE! ERRLR AlobBRRRURR . 48R LR O o0

At thi i nt i t di t 25 det 1 di t S212,

the syst eReBeHeFaRl BiDo s aNEtEeeRe AR HR | Vo IHITS44S el ot ugi ng ¢ he
sel ector 26_an apgpopriate signal at h congliing wi th the nodul ation system
for the didtugfpativetytB¥t Chenp¥shaRecoPtrpbisfnPe NS\ WERIrIFRA

denodul ation formats automatically between the next-generation MDL system
and the cUIPe#® QEﬁSQQtEhﬁfEﬁdaﬁdgﬁlﬂatﬂn%ép?oﬂbétFbﬁ.m?ﬁ@rYiIe systems are
al so switched in |like manner between the next-generation MD1 system and the
current Norapsfem geubirodédarr 81 beforkge bejdige idittaroltertise pdsed 88-t he
disc type in effect. It mght happen in step S216 that the disc type
determned in sthp 88X oS, AT rmatd othsr ofatratdon mocerddd t h&hdi sc dri ve
unit 1 set by the switch 50. In that case, step S216 is_followed by step
S219. MorwIBpesi fecakliyd stepid21Ohe SFATashed. | IFameclod rnewtcases: where
the swwtch 50 is judged set for the

generation MD2 system, as described above, initialization

of the recordable area managed under the FAT scheme is

not effected.

6. First example of the audio data management system

As discussed above, the next-generation MD1l and MD2
systems embodying this invention have their data managed
by the FAT system. Audio data to be recorded are
compressed by a predetérmined data compression method and
encrypted for copyright protection. The audio data
compression method is illustratively ATRAC3 or ATRACS5. It
is also possible to adopt MP3 (MPEGl Audio Layer 3), AAC
(MPEG2 Advanced Audio Coding), or other suitable
compression method. Not only audio data but also still
image data and moving image data may be handled. Since

the FAT system is in use, general-purpose data may also
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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 MD1 system and the | oaded disc 90 is found to have the
format of the current MD systemon the other hand. In step S219, a check is
made to see what operation 126 is carried out by the user on the disc 90.
If in step S219 the user is judged to have perfornmed an operation to
reproduce ("PB") audio data fromthe disc 90, then step S220 is reached. In
step S220, the audio data are reproduced fromthe disc 90 as instructed by

the user. blh§é¢b§de&vsﬁdl fce{s?@d@bé& Eyp€hgoﬁéxeoﬁeﬂg'ﬁrﬁﬂiBReMﬁﬁeéﬂHi on node
of the disc drive unit by the switch e audi o data recorded on

he d ' f th itch :
Rb?e ;;gcﬁﬁ g?? gggﬂgﬁﬁggﬁn e dﬁgﬁn%%ﬁé é§%$%$2%1 intsfezwgggz,S?he
system cogiLgl, Lsglg fﬁgéfacwsngﬁrqggtﬁg'xsc SLh Bn! Prschest sl pht he

sel ect or an-appropriate-si conp yrng w on system
for the d&@ p effect Th| nakes it sigL to smntch t he
denodul at ﬁ ?% ﬁB%smﬁﬁt%ﬁﬁ?lEg?F?lBe?ﬁﬁﬁﬂtgﬁi %? €§eneration MDL system
and the current M systen1for audi o data reproduction, The fjle_systens are
al so switched i P93 BRchRSIWetiieéh %W%)ﬁoﬁé?%?aﬂ’r% MLy &3t and t he
current MD system under control of the systemcontroller 9 based on the
di sc typeafntheyesre ¥¢Cﬁ>ﬁd§@e®n@2{99¥qa@ua§fér tpsapddgeam: bhaapexper f or ned
an operation to record ("REC') audio data to the disc 90 or to erase or
ot her wi segeneratiem ¥} aedo¥Rddb®@®o data on the disc 90, then step S218
is 127 reached. In step S218, a marnlqg nmessage appears on the display
unit 51 saying tBegause ttfﬁoél@tiqw@aéfcl@l) Mivle AammbtMRt gysttéres qee at i on
node of the disc drive unit 1. Al so displayed is a nessage sayi ng that
recor di ngdesigonéd to reproduce high-quality audio data for

extended periods of time, there are a large number of

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 copied illegally to the detriment of copyright

holders. 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

81



available if the user has designated recording, or that editing is

i npossible if the user has specified editing. Tf in step S219 the user
attenpts to update the U TOC 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 the operation node of the disc drive unit 1, and
that editing is not available at this stage. That is, where the disc type
does not conply with the operation node of the disc drive unit 1 set by the
swi tch 50, no operation, which would nodify information recorded on the
disc 90, is pernitted How the disc 90 is changed in its format will now be

described ﬁ/b%bscﬂgasétafeg éSfPie?s 19 @ebu)%h@héo tof t he

next - generatlon systeminto the fornat o rent I~ system and
Vi ce verng Elg 59 is a flowhart of steps for switching fromthe disc
format of *¥YRe“Hext - generation MD1 systemto the disc format of the current

MD system on th di sc sured_ h at_the switch 50 is set in
advance for 128 hﬁfﬁ?éﬁxnéﬁﬁ rFiﬁ%k?%ﬁa ﬁ%f%eg?abeﬂ%?%Tw ﬁaﬁﬁﬁlasystenl I'n
the first _step. 5230 of Flg g t he di sc 90 s Ioadeg i,nto . the disc drive
anit 1. VPPWEEhLEHi of 8pfiadete LEeBeo3811rLuREZahed iR WABch2ont or mati on
is read first fromthe |lead-in_area and then fromthe U TOC area of the

di sc 90. Whertgpewpdofrop the BABgRYSEE™ hihet gedigadaadtddeoo has been
formatted by the next-generation MDL system In step S233, the rotation of
the di sc @8pPearstbppld.alviesyepaszeafisel dehe irebdecef ablaisnfbled by the
FAT system are erased fromthe disc 90. For exanple, the user perforns an
oper at i onigodédidedaint¢"pDrds) secbhdbdaudder dehe EAF handdedems schene on
the disc 90, and selects fromanong editing alternatives an operation to
erase allads¢et Of AbuclERASEES. It is preferred in step S234 that an

i ndi cation be given on the display unit 51 asking the user to confirmhis
or her intentioTHe tactiakalindex afidlenlils dat fi I¢ othdthedesseil®ds After all
data recorded under the FAT managenent schene are erased fromthe disc 90

accordi ngvapidhe typesis6f' snbpenation, f6kepandddbngstheaghigddo bBatcstep S235,
a nessage saying that the | oaded di sc has now becone a
contained in the audio data file. As shown in Fig. 30,
the track index file is made up of a play order table, a
programmed play order table, a group information table, a
track information table, a part information table, and a
name table.
The play order table indicates the order of audio
data reproduction defined by default. As shown in Fig. 31,
the play order table contains information items TINF1,
TINF2, etc., representing links to track descriptors (Fig.
34A) corresponding to track numbers (i.e., music 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.
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bl ank di sc appears on the display unit 51. Step S235 is foll owed by step
S236 in which the 129 user operates the switch 50 to set the operation
node of the disc drive unit 1 for the current MD system In step S237,
information is read fromthe U TOC area of the | oaded disc 90. In step
S238, the disc 90 is recogni zed as a disc formatted by the next-generation
MD1 system In step S239, a nessage saying that the |oaded disc is a blank
next - generation MD1 systemdisc on the display unit 51. An indication also
appears on the display unit 51 asking the user whether or not to cancel the
format of the next-generation MDL system Canceling the format of the

next - generati.on MDlL syste s switching fromthe disc format of the
next - gendva PO S48 ot o The BF Qe #BiAc LRV RESEE: FERLEND syst om on
t he Ioadqg disc 90. If in stgp S23 ng user .is judged t? hﬁve an_operation
to cancel IEFEF PSR PEPHEETMEE epT85%0 L FrIRHET '} eptEoho, PLNEZf or nat
of the next-generation MDL systemon the | oaded disc 90 is cancel ed.
IIIustraI?%%iy,r?P%ﬁ%ﬁ%%l$%r%%@k$st%aEQ%IEﬁaékagﬁﬁSrPHEOFﬁT i nformati on
fromthe T-TOC area as well as the alert track. Alternatively, the
next - genef@ryesPNBlirg stentherpackayunbesscancel ed by erasing not the FAT
information but the alert track alone. If in step S239 the user is judged
to have perfor mitheargrspar diformadiiarn tednleel ashaletsetddrimtEid80 step
S241 is reached. In step S241, an indication appears on the display unit 51
pronpti n@Bikeandei3Bp dpecrilkes hinSourthabidN &boset grbepdi SAA dyrawp unit 1
for the operation node of the next-generation MD1 system In step S242, a
check i s imdiefinstecashetder déheomsesr cadte esradkst havopgr aergalt o set the
disc drive unit 1 for the operation node of the next-generation MDl system
within a predetoidbaes, per i H0sef &f ne lbrtfiére tracks with

programmed serial track numbers. Specifically, 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

track number, a group name, and a flag regarding the

group in question as indicated in Fig. 33B.

The track information table describes information

about tracks, i.e., music titles as shown in Figs. 34A

and 34B. Specifically, the track information table is

made up of track descriptors representing tracks (music

titles) as indicated in Fig. 34A. 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 title of the

track in question, an artist name, a title name, original
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rel evant operation is judged performed wthin the predetermned tine
period, then step S243 is reached in which the processing is term nated and
the | oaded disc 90 is rendered usable as a blank disc formatted by the

next generation MDL system If in step S242 the setting of the switch 50 is
not conpleted within the predetermned time period, a time-out is

recogni zed and control is returned to step S239. Switching fromthe disc
format of the current MD systemto the disc format of the next-generation
MDI systemis perforned as follows: the switch 50 is first operated to set
the disc drive unit 1 for the operation node of the current MD system An

operation {8 LaFdLd Aotta S5 Jﬂ&@éé’@r&iﬁ 90malin aydhor ggha recorded

in the format of the current MD system Then e disc 90 is fornatted anew

by the ”ea%dn%'\frg@}:é;xga_(‘cl%’gﬂ_n \Sﬁiﬁ&ﬁ]&ﬂ‘ t Rl 3be 5 SRR g:iét?‘{:si : deeea” | er

with reference e above features In ace, i nventive

ot hod andh APRALIINS ALS £APULA,PT IANAYI G WALO Rl A S ghent ]y under

cont rol em-usi ng a storage nedi um whose eCrTTcations are
equivalegbgao t hose of 1he. current quﬁxstenl V%ilf avﬁ%eéerred enbodi nent
of the i T IRR BRUICIRE 9 B 99y SPert T o1 eiR, "4M2h descri pti on
is for illystrativye purposels only, and it .is to be understood that changes
and vari attartblr%' MERRELERAS RBYEAET TEEFEETTF & SRde WHTATIN scope of
the follow ng clains., The present docunent contains subject matter related
to that OFRREEIRTHIIAARCPRENN AFpi e ¥R P2002 099277, filed in the
Japanese Patent Ofice (J.PCE)) on April 1, 2002; Japanese Patent Application
P2002- 190812, f iThed partt fatproagdioiufebl® deerribes andsdaa ent
Application P2002-099294 filed in the JPO on April 1, 2002; Japanese Patent
Appl i cat i Bhl 0GP -p08 unbé et b pdient) O orcumbk ®8siQOORtlgapanese Pat ent
Application P2002-099274 filed in the JPO on April 1, 2002; Japanese Patent
Appl i cat iloocd2001s 0083bvn |iad Figs ha IPQ@oh IsBe Epecd(@izsallapanese Pat ent
Appl i cation P2002-099278 filed in the JPO on April 1, 2002; Japanese Patent
Appl i cat ittie k#kxt 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 constituting 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 part in question in the audio data file,

and a link to the next part.

The addresses used as part number pointer

information, name table pointer information, and audio

file location pointer information 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
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the JPO on June 28, 2002; Japanese Patent Application P2002-099270 filed in
the JPO o [ : sec-Paje | | Lan 02-190578 filed in
the JPO oﬁpéﬁ#gi%}még%é?n %E%ﬁﬁséfpiﬁeﬁ t % F%g‘tgf"gntﬁégoé?‘%gg%s filed in
t he JPO onmAgriI éed20026r§a angset atentség IkcatignoP200§-190§%0 filed in
the JPO oh"BLRESBEEA2B550T 4 idnEa et B BRESRBEI 1BXEPbACR20B52580576 1i1ed in

t he JPO on ril, 1, 2002, and Japanese Patent i cation P2002-190801,
(Ted in PRELoPEBheS RaToBTa508 Lo 80 cALFPEtcBRLER, 470l cach of the

above-identified docupents being incorEorated herein by reference, 133
CLAI Ms: 1PTadeFERINERAYRHERt (Re@hodP¥bRPri SFRE  t ABIsPaBtoPl8EKEN ni ng
track information froma play order table_having a plurality of track
i nf or mat i BROBn2rPegianiadgel Fheadpiédeféltfined play order, the track
information corresponds to a track to be deleted and points to a track
descriptor in a Thexdlenenftahke iloh a dikle obi dexthgnakiang rur kaetaset i pt or
fromthe track information table, said track descriptor including a
decr ypt i onakey. c ks e3pontiing Kig { HSA 1 ddke troae b et es amtdpodhtaer
information that points to one of a plurality of part descriptors in a part
i nf or mat i phutabiey aflvasnenglobte. prixidi atamenegtll gt ays ar ideted aviteh subset
and called by a pointer pointing to the name in question.
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 table. One name slot may be
called from a plurality 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 using
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 number of a target

track to be reproduced is first designated in the play
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of said plurality of track information entries that follow said track to be
deleted in said predeterm ned play order so as to account for a renoval of
said track to be deleted fromsaid predeterm ned play order; reading the
one of a plurality of part descriptors that corresponds to said pointer
information in said track descriptor; separating in a file systema data
block that is a part of a file specified by part pointer information in
said part descriptor fromsaid file nanaged by the file 134 system and
freeing said data block on said file system said part pointer information
pointing to a part of the file that includes a plurality of data bl ocks;

freeing Séic&ei?aﬁébﬂés‘%ﬁ'h@t 08190 S@ith fihe SysteMumbéy fdeel Hi9asah d track
descriptor on said file System 2. A track managenment method according to

claim1, ¥€§ﬁ§é”155§aﬂnéa'€hkéu négf ngyFurt Eetéhbﬁcahb891F§BEe (FAT)

systemin cl ust units er conpr|5|ng e step of

separat i nepald. 4z 2 hhoskanssact geerﬁtkhlﬁgbgm§£§gh bpg, dghgted from

said file'onsaid and reérng sal on‘sal'd FAT system
when sai d_dat Kk assp ci,ated.wth said track to_be d oes not
share a Pl cHiREST hrankaoasra prat.idsts ra?xadmffﬂma h nERbfack. 3. A
track nana enent net hod accor% to claim1 or further conprising the
step of : ReafchFay the braek PartrBERFi prss anﬂogaPﬂsFYﬁEe§ald part

pointer informatjon that points to another data block after said data bl ock

when a nmi GOP¥rH3RE BRoRgerAnh informatiane epntanh fereyPsisepkeXted from

said file and freed on said FAT system '
information, pointer information pointing to the part

number serving as the entry to the music title of the
track in question, an artist name pointer, 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
table, the audio data file is accessed at the part
corresponding to the start address of the track (title)
in 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 from that location. At this time, the
reproduced data are decrypted in accordance with the
coding system read from the applicable track descriptor

in the track information table. If the audio data are
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4. A track managenent nethod according to any one of clainms 1 to 3,
wherein: said part pointer information in said part descriptor has a-start
address and an end address pointing to said part of said file, said nmethod
further conprising the step of, separating fromsaid file said data bl ock
as said part of said file based on said start address and said end address
and freeing said data block on said FAT system 5. A track managenent

met hod according to any one of clains 1 to 4, further conprising the steps
of : reading a part descriptor corresponding to link information when said
part descriptor has link information pointing to a consecutive part

descri ptoL, . ?ﬁ%égpagﬁéiﬂg%f£89é§%£g%gglgegdd EémbkgsktéﬁéﬂPiat?d W th said
part pointer orfration h sard par esCriptor and freerng said data
bl ock on gaid FAT systeH11$6t ﬁhen SEigh arttdescriptor has |ink
i nf or mat i BR°PbTREPhg*Fo 857 d"BoASEEYP TV ga f-8escriptor. 6. A track
managenent nethoqfa cordiphg to an ogf qL t he prgceding cl ai ns, wherein:
sai d part' poi nt et i O ST Y P ofPSERWHAT UBNE (BATL BRGAHAFREOBF sai d
file in predeterm ned data units. 7. A track nanagenent nmet hod according to
any one of ihBKpFecERengegranagionnerernissgpacpaPedpdrntBe PAFSr mation is
one of a cluster nunber in a file allocation table systemand a physi cal
addr ess ofiegcrsiptage R WRlE/ant (R3Ck FRFFAGEMEIES YR oEEAR cORei ng to any
one of the preceding clains, wherein: said file conprises audio data. 9. A
track nanafeeenanapparainsaconpdascagwithr sheobinkai ngonthat £be obt ai ni ng
track information froma play order table having a plurality of track
i nf or mat i andeat data anr ahgeadudioadatadéf tenanedreproduced from the

parts whose locations are designated by the accessed part

descriptors. These steps allow the audio data to be

reproduced from the desired track (music title).

A name slot (Fig. 36A) in the name table is called

from the location (or name pointer information)

designated by an artist name pointer or a title name

pointer read from the track information table. Name data

are read from the name slot thus called. The name pointer

information may be a name slot number, a cluster 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 pointers as mentioned above. For

example, where multiple titles 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. In the example of
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pl ay order, said track information points to a track 137 descriptor in a
track infornmation table for a track to be del eted; second obtai ni ng neans
for obtaining the track descriptor fromthe track information table, said
track descriptor including a decryption key corresponding to the track to
be deleted and pointer information that points to one of a plurality of

part descriptors in a part information table; advanci ng neans for advanci ng
the predeterm ned play order of a subset of said plurality of track
information entries that follow said track to be deleted in said
predeterm ned play order so as to account for a renoval of said track to be

del et ed fﬂ[) ?:?égy@%fggt&%é%%ﬁi&p} Yu Préess & eadhng, me@é?ré@éniﬁ eadi ng the

one of a p par riptors’ that’ corresponds 1o said pointer
informatign in said frack riptor. first ans for _separating in a file
system a é(}é a bl ock Jéslts @ pafajtfjts o‘?loan 1% t:‘s(i?)et%:lrll iseof"%yalf)%f tp?)l?én?er

i nformat i in,said part descriptor framsajd file nmanaged by the file
system a eei 1Y "sl'g‘? e asﬂﬂ“géka‘%ﬁ-. e *‘T’I’éet%?’%ﬁ?gs%%‘xp%??hpoi nt er
information pointing to a part of the file having a plurality of data

bl ocks; 138 thelR JPFeARSFIPHIRR] ndlsQ d T -deser itk on said file
system and third neans for freeing said track descriptor on said file
system I19eSIFIRERYE nbhayehent aHpbat@lt veRERIRRE nghe oS EE nk Dt 1eerei n sai d
file is managed by a file allocation table (FAT) systemin FAT cluster
units, saill fhekenganmsto ikt el arhipthl Yk d25ReF at egb wiihat stlhel track to

be del eted does not share a FAT
same name slot is also referenced from each of these

track descriptors. When each name slot in the name table
is allowed to be referenced from a plurality of pointers,
the size of the name table can be reduced appreciably.
Furthermore, information about a given artist name
may be displayed by use of links to the name table. If it
is desired to display a list of music titles belonging to,
say, the artist named "DEF BAND, " the track descriptors
referencing the same name slot "DEF BAND" are traced and
their information is displayed. 1In 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
obtained permits a display of the music tities which
belong to the artist named "DEF BAND" and 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
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cluster with a data track associated with the other track, separates said
data bl ock associated wth said track to be deleted fromsaid file on said
FAT system and frees said data bl ock on said FAT system 11. A track
managenent apparatus according to claim 10, further conprising: adjusting
means for, when a data block of a mddle of said file is separated from
said file and freed on said FAT system searching the other part descriptor
and adjusting said part pointer information pointing to a data bl ock after
said data bl ock. 139 12. A track nmanagenent apparatus according to claim
10 or 11, wherein: said part pointer information in said part descriptor

has a St2§£oﬂdgrﬁ?%¥§£gtgnof?ﬁ%§§9éf§§ pointing to said part of said file;

said fir neans par at romsaid file said data bl ock as said part

of said file ba%«ﬁ%nor&gﬁ%gzﬁattiar taxaeddcrcgq%A ra%lidgd eé}ge@dg‘{ﬁ%n@@g freeing

sai d data bl ock on sal system 13. managene appar at us
according_to ang one_of cI€i£B &0 to 12d @herein: sald first neans, when
sai d partaﬁ%écw %?o?ph%g Tt nkSFhr of Bt 79 %B?ﬁ??ﬂgnF g cBhsecuti ve part
descriptor, reads,a part descriptor correspongin to sai.d |ink

i nEor <nat FORFSSRE €@ phr SRR RY o Qekd £F19-a 63 g BE6ekd48goci at ed with
said part pointer inforn~ation in said part descriptor_and frees said data
bl ock on RBiPekEATIZ AL EATaERd aceprdkngnfhageenFARppaPatus according to any
one of clains 9 to 13, wherein: 140 said part pointer information is an
of f set vaReeordbng thbodlesi ame nyl becated ¢oneerut pyed¥t 8pnpfelodat a

minimize wastage in accessing the recorded audio data.

When-the audio data recordable area is éilocated, a
new track descriptor is assigned to the 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 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, information about the chained location is generated,
and the newly generated audio data location information
is written to a newly assigned part descriptor. Key
information and a part number are written t6 the new
track descriptor. 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

the artist name and title name. The number of the track

89



units. (data block / sound frane) 15. A track managenent apparatus
according to any one of clains 9 to 14, wherein: said part pointer
information is at |east one of a cluster nunber in a file allocation table
system and a physical address of a storage nedium 16. A track nanagenent
apparatus according to any one of clainms 9 to 15, wherein: said file
conprises audio data. 141 .A.A. .As.Y .A 3 .AA3 .AsA .ALA3 .As.l .AY
.AAF .As.Y .AsF .AlY .A'F .AHF .A[3 .A[F .A9. F . AHF . AHY . As[3 . Asn. A nF
.AsnY .Al .AlF .A'HF .AsF . AY . AF . Al

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. -

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 part descriptor, access is gained
to the location, in the audio data file, of the first
part containing the desired audio data, and data are
retrieved from the accessed location. The reproduced data
from the location are decrypted using the acquired key
information for audio data reproduction. If the part
descriptor has a link to another part, the linked part 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
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.As[F .AY .A'nY .AsY .AlY . AH3 . AY . AY .AY .AF .AnY .A .A'[F .AY .A3 E Al
A VA A A5 .AsnY .AF Al A A5l .Al .AH .Asnl .As[F .A5] .AH .Anl
.AsnY .Asl ALY .Asl .A .AY .A5Y .A'Y

play order table. All values representing track
information items TINFn+l through TINFn+m (i.e., track
descriptor numbers) are advanced by one place. The number
of the track descriptor Dn is then written to the track
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 describiﬁg 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 advanced by one place. Moreover, because the track
"n” is to be erased, all track information entries that
follow track “n” are advanced in the play order 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 number of a part descriptor Pn indicating the area
containing the start audio data. An audio block with its
range designated by the part descripto£ 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
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is erased from the part information table so as to free
the part description on the file system.

Suppose that in Fig. 39A, parts A, B, and C have
been chained and that part B is desired to be erased. It
is assumed here that the parts A and B share the same
audio block (and the same FAT cluster) and that the FAT
chain is continuous. It is also assumed that while the
part C is lécated immediately after the part B in the
audio data file, the parts C and B are in fact found
positioned apart when the FAT table is checked.

In that case, as shown in Fig. 39B, erasing the
part B allows two FAT clusters not sharing any cluster
with that part to be detached from the FAT chain (i.e.,
reverted to free areas). In other words, the audio data
file is shortened by four audio blocks. As a result, a
number "4" is subtracted from each of the numbers of the
audio blocks 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, information
about the remaining track may be decrypted using the
coding system and the decryptioﬁ key which correspond to
the track in question and which are acquired from the
relevant part descriptor Pn in the track information

table.
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]ca] cal]cal]ca]ca]caljcaljcaljcaljcajcal/ ; u

If it is desired to combine a track "n" with a
track "n+l" in the play order table, a track descriptor
number Dn is acquired from a track information item TINFn
in the play order table, the track descriptor describing
information about the track "n"; and a track descriptor
number Dm is obtained from a track information item
TINFn+l1l in the play order table, the track descriptor
describing information about the track "n+l.” All valid
TINF values (track descriptor numbers) following the item
TINFn+l in the play order table are advanced by one place.
A search is made through the programmed play order table
in order to erase all tracks referencing the track
descriptor Dm. A new encryption key is generated, and a
part descriptor list is obtained from the track
descriptor Dn. To the tail end of that part descriptor
list, another part descriptor list extracted from the
track descriptor Dm is attached.

Where two tracks are to be combined, their track
descriptors need to be compared so as to ascertain that
the copyrights involved are not compromised. Part
descriptors need to be obtained from these track
descriptors to make sure, with reference to the FAT table,
that fragmentation-related requirements are met upon

combination of the two tracks. It may also be necessary
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corresponding to the track numbers.

The group information table, as depicted in Figs.
45A and 45B, describes information about groups. A group
is defined as a set of 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. 45B.

The track information table describes information

about tracks, i.e., music titles as shown in Figs. 46A
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information about the track. The artist name éhd title

name do not contain actual names but describe pointer
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 question.
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 table. One name slot may 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 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 using links describing the whole
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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
track to be reproduced is first designated in the play
order table (Fig. 43). With the track number designated,
access is gained through a link to the track descriptor
(Figs. 46A énd 46B) in the track information tgble, 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 question, 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 question 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 location of the
designated index number is detected from the header
information, and audio data reproduction is started from

the location of that index number.

A name slot is called from the location designated
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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
area made up of at least a predetermined number of
consecutive recording blocks (e.g., four recording
blocks) is allocated according to the FAT table.

When-the audio data recordable area is éilocated, a
new track descriptor is assigned to the 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. 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 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
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' reproduce the audio data is then acquired.

Based on the track descriptor in the track
information table, the file pointer pointing to the audio
data file containing the desired audio data and the index
number of the track in question are obtained. The audio
data file ié then accessed and key information 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 reproduction. 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
track "n" and a track "n+l1," a track descriptor 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 (track o
descriptor numbers) following the track information 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
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pointer and an index number are written to one track
descriptor Dn, and another audio data file pointer and
another index number are written to another track
descriptor Dm. In this case, one piece of music M1l on a
single track in the audio data file is apparenEly divided
into two pieces of music M1l and M12 over two tracks.

If it is desired to combine a track "n" with a
track "n+l" in the play order table, a track descriptor
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+l1” is obtained from a
track information item TINFn+l in the play order table.”
All valid TINF values (track descriptor numbers)
following the item TINFn+l in the play order table are
advanced by one place.

If the track "n" and track "n+l" are 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 music M21 and M22
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file. In that case, as shown in Fig. 51, a header is
attached to the data over the index-divided track "n" to
create an aﬁdio data file accommodating a piecg 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+l" with the music
title M41 is connected to the audio data file of the
music title M32. The two pieces of music M32 and M41 are
thus combined into a single piece of music M51 on one
track.

The processes above are implemented 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 transforming
indexed 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 that

file to another audio data file.
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that next-generation MD1 and MD2 discs are used to record
and reproduce not only audio data but also general data
handled by personal computers.

On tﬁe disc drive unit 1, audio data aré_reproduced
as they are being read from the disc 90. When the ability
of the portable-type disc drive unit 1 to access data is
taken into account, audio data should preferably be
recorded sequentially on the disc. By contrast, the
personal computer has no consideration for such data
continuity when writing data to the disc; the PC records
data to any free areas found available on the disc.

The recording/reproducing apparatus of the
invention has the personal computer 100 connected to the
disc drive unit 1 through 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
personal 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
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the type of data to be written to the disc loaded in the
drive unit 1. Fig. 52A shows how general data are
transferred from the personal computer 100 to the disc
drive unit 1 for recording onto the disc 90 in the drive
unit 1. In.this case, the file system on the ﬁért of the
personal computer 100 provides FAT management over the
disc 900.

It is assumed that the disc 90 has been formatted
by either the next-generation MD1 system or the next-
generation MD2 system.

Viewed from the personal computer 100, the
connected disc drive unit 1 functions apparently as a
removable disc under PC control. The 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 and reads data to and from a flexible disc.

The file system of the personal computer 100 may be
furnished as part of the capabilities of an OS (Operating
System) carried by the PC 100. As is well known, the 08
may be recorded as suitable program files on a hard disc

drive incorporated in the personal computer 100. Upon
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the personal computer 100 to the disc drive unit 1 for
recording onto the disc 90 loaded in the drive unit 1.
The audio data are retrieved illustratively from the hard
disc drive (HDD) held by the personal computer 100.

It is assumed that the personal compute; 100
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
utility software is held illustratively as program files
on the HDD of the personal computer 100.

Described below is how audio data recorded on a
storage medium 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 computer 100 causing it to write desired audio
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operation triggers the utility software to issue a write
request command requesting a write operation of the audio
data A onto the disc 90. The write request command is
sent from the personal computer 100 to the disc drive
unit 1.

The audio data A are then read from the HDD of the
personal computer 100. The retrieved audio data A are
subjected to an ATRAC compression encoding process by the
utility software carried by the personal computer 100.
The process 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
writing the transferred data to the disc 90 as audio data.

More specifically, the disc drive unit 1 receives
the audio data A from 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
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the disc drive unit 1. That is, the audio data A are

written to the disc 90 consecutively in increments of

four recording blocks (64 kilobytes X 4) based on the FAT
gsystem of the disc drive unit 1. -

Until the data write operation on the disc 90 is
complete, there occur exchanges of data, status
information, and commands between the personal computer
100 and the disc drive unit 1 in keeping with a suitable
protocol. The exchanges are performed to control the data
transfer rate in such a manner that neither overflow nor
underflow will occur in the cluster buffer 4.

‘In addition to the write request command mentioned
above, an erase request command may be utilized by the
personal computer 100. The erase request command is used
to request 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 90 is
loaded in the unit 1, the utility software reads the

track index file from the disc 90. The retrieved data are
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the audio data held on the disc 90.
Suppose that the user at the personal computer 100
views the displayed title list and performs an operation
to erase certain audio data (called the audio data B
hereunder). In that case, information designaglng 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 the
disc 90 as requested.
Because audio data erasure is executed by the disc
drive unit 1 under control of its own FAT system, 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.

9. Restrictions on copying of audio data from the disc
Protecting the copyrights of audio data recorded on

the disc 90 requires establishing appropriate

restrictions on their copying to other storage media.

Consider a case in which audio data held on the disc 90

108



10zs710% ()- 5109 ()-s3s109%& ()-s1109%& ()-sy/ 109% ()-ss-109%& ()-wHbC
102310% & ()-s 109%& ()-1 10%& ()- 10 10 10Ys< 109%& ()- 910% ()- HLdEbC
1021092 & ()-- 109%& ()-310%& ()-1 GLO%& ()-10%& ()-t10%& ()- YdEbC
10z9' “10% & ()-3940% & ()-#mL0%& ()-1 !10%& ()- 10%& ()- 10%& ()-B| dEbC
10z3S10% & ()-1110%& ()-f/ @ 10%& ()-1 *-10%& ()-3+10%& ()- @
1092 & ()-!Vj mopxmbC 10z | S1094& ()- 10z 10z 10z < 10%& ()-9
109%& () - 7S10%& ()-510%& () : KAENhC 102109%& () - 1094T& () - SI0%T& () -
10967& () - 10967& () - s10947& () -* AJENbC 10z#y 10947& () 1 10907& ()-! 10%0& () -
10967& () - 10967& () - 10947& () - FAZKdEnbC 10zf/ 109%& (

10%a () STBoGR S TEEG g 'E%le}%%@e?’?f%%@( % e’ ()- U caen

10210%& () 00020 Ldpu#d Q7050 (2or 10888 6dhg i11ustratively onto

the HDD in the PC.

It is assumed here that the disc 90 has been
formatted by either the next-generation MDl1l system or the
next-generation MD2 system. It is also assumed that the
operations such as check-in and check-out, to be
discussed below, are performed under control of the
above-mentioned utility software carried by the personal
computer 100.

Audio data 200 retained on the disc 90 are first
moved to the personal computer 100 as shown in Fig. S53A.
The "move" operation represents 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 legitimately) decremented

by one for the data in question. A check-in is defined as
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When the audio data 200 are moved to the personal
computer 100, the data are sent (as audio data 200') to
the storage medium such as the HDD of the personal
computer 100 for recording thereto, and the audio data
200 are erased from the disc 90. The personal_éomputer
100 then sets an allowable (or some predetermined) check-
out (CO) count 201 for the moved audio data 200' as shown
in Fig. 53B. 1In this example, the allowable 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 from the personal computer 100 to an
external storage 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 data 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 =
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from the PC 100. As a result, the audio data 200' are

copied from the personal computer 100 to the disc 90 and

held there as audio data 200”.

The allowable check-out count 201 is managed by use
of the copyright management information contained in the
track descriptors in the track information table (see Fig.
34B) . Because each track is assigned its own track
descriptor, the allowable check-out count can be set for
each track (each piece of audio data). A track descriptor
copied from the disc 90 to the personal computer 100 is
ugsed as control information for managing the
corresponding audio data moved into the PC 100.

Illustratively, when any audio data are moved from
the disc 90 to the personal computer 100, the track
descriptor corresponding to the moved audio data is
copied 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
recorded to, say, the HDD of the personal computer 100, a
predetermined allowable check-out count 201 ("3" in this

example) is set to the copyright management information
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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
ID for identifying the checked-out content (i.e., audio
data). In the setup of Fig. 53C, the equipment ID of the
copy destination device is verified based on the
equipment ID in the copyright management information
corresponding to the audio data to be copied. If the
equipment ID in the 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 the disc
90. The procedure appears complicated from the user's
viewpoint and could be perceived as a waste of time
because of the times involved in reading the audio 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
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command from the user, such as "Check out audio data
named XX from the disc 90."

(1) The target audio data are copied from the disc
90 to the HDD of the personal computer 100, and the audio
data recorded on the disc 90 are erased by dis;bling part
of the management data about the audio data in question.

For example, a link information item TINFn linked to the
track descriptor corresponding to the audio data is
erased from the play order table, and a link information
item PINFn linked to the track descriptor corresponding
to the audio data is deleted from the programmed file
order table. Alternatively, the track descriptors
themselves corresponding to the audio data in question
may be erased. This step renders the audio data unusable
of the disc 90, after moving the data from the disc 90 to
the personal computer 100.

(2) When the audio data are copied to the personal
computer 100 in step (1) above, the track descriptors
corresponding to the audio data are also copied to the
HDD of the PC 100.

(3) The personal computer 100 records a

113



10%& ()- 10z8%r $3$3$" W %E: / 10z! 10%& ()-Z10%& ()- 10%& ()-|

10%2& ()-10%& ()- 10%& ()- Z%8BBRA&Z&JE: /| 10z9- 10% & ()-3+10%& ()-Y

,)310% & ()-& 10%& ()-% 10%& ()-# 10%& ()-z&8&% B't''dE/ 10z9

10%& ()-Y 710%& ()-y510%& ()- 310%& ()-Y110%& ()-@10%& ()-""'"'"""

(<(t(bC 10z10%& ()- sl0%& ()-10%& ()-1 10%& ()- 10z 10z

10z9<10%& ()-t((()X)))dEbC 10z10%& ()-10%& ()-10%& ()-F 10%& ()-

10%2& ()-"10%& ()-))| ***! +R+dELC 10zF y/ 10% & ()-s-GlL0%& ()-Y+ 10%& ()-|

@t10%& ()-& 10%& ()-Y '10%& ()-R++++4,n,q,r,s,dE/ 10z 10z <10%& ()-9
10%& ()-7:10%& ()-510%& ()-3 10%& ()-1z 10%& ()-s,t,,, ->-s--xY:/

P A o s
10 ()- Ptk 19 24 %ﬁf(%i’ﬁﬁ%drﬁamé %%%% oL Inld e ()1
109 () - 10c%0d%§é§}83§%§)c§Z£%§3§§é£A92§§2€§§ gggio data copied

(i.e., moved) from the disc 90.

(4) Based on the track descriptors copied from the
disc 90, the personal computer 100 acquires a content ID
corresponding to the moved audio data. This content ID is
recorded as indicative of the audio data that aay be
checked in subsequently.

(5) The personal computer 100 then decrements by
one the allowable check-out count recorded in step (3)
above to the copyright management information in the
track descriptors corresponding to the moved audio data.
In this example, the allowable 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 loaded, the track descriptors
corresponding to the moved audio data are enabled. This
is accomplished illustratively 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
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computer 100 while sparing the user redundant chores and
ensuring copyright protection for the audio data in
guestion. -
The audio data copying steps (1) through (6) above
are applied preferably to the audio data that were
recorded onto the disc 90 by the user operating the disc
drive unit 1.
Checked-out audio data are checked in as follows:
the personal computer 100 first searches for the desired
data from among the audio data recorded therein, as well
as for control information such as copyright management
information in the corresponding track descriptors. With

the audio data and the control information found and

ascertained, the target data are checked in accordingly.

10. Coexistence of the next-generation MD1l system with
the current MD system
The next-generation MD1 system can use the same

disc adopted by the current MD system, even thought the
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keep the user from getting confused when using either of
the two disc formats on the same disc drive unit 1.

Fig. 54 is a schematic view portraying conceptually
how the next-generation MD1l system and the current MD
system may coexist in the disc drive unit 1. The disc
drive unit 1 complies with both digital and analog
formats for the audio signal to be input and output.

Given a digital audio signal, a next-generation MD1
system 70 in Fig. 54 detects a watermark from the signal
by a predetermined method, gets an encryption unit 72 to
encrypt the signal using key information 74, and feeds
the encrypted signal to a recording/reproduction unit 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 encrypted signal to the recording/reproduction
unit 73. The recording/reproduction unit 73 subjects the
encrypted audio data to ATRAC compression encoding. The
compression-coded audio data are converted to 1-7pp

modulation format together with the key information 74
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and the corresponding key information 74 are read from
the disc 90 by the recording/reproduction unit 73. The
data are decrypted by a decryption unit 75 using the key
information 74, whereby a digital audio signal is
acquired. The digital audio signal thus obtained is
converted to an analog audio signal by a D/A converter,
not shown, for output. Alternatively, the digital audio
signal may be output unconverted without the interveﬁtion
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 include copy
guard information, the recording/reproduction unit 73 may
be inhibited from carrying out audio data reproduction
accoxrdingly.

In a current MD system 71 of Fig. 54, a digital
audio signal is furnished with generation management
information by SCMS (Serial Copy Management System)

before being forwarded to a recording/reproduction unit
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management information by SCMS. The
recording/reproduction unit 76 submits the received audio
data to ATRAC compression encoding. The compression-coded
audio data are converted to EFM format before geing
written to the disc 90, not shown.

For audio data reproduction, the desired audio data
are read as a digital audio signal from the disc 90 by
the recording/reproduction unit 76. 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 without
the intervention of the D/A converter.

In the above-described disc drive unit 1 in which
the next-generation MD1l system and the current MD system
coexist, a switch 50 is provided to switch explicitly
between the operation modes of the two MD systems. In
particular, the switch 50 is used effectively when audio
data are to be recorded to the disc 90.

Fig. 55 is an external view of a portable-type disc

drive unit 1. The disc drive unit 1 is equipped with a
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the disc 90 is inserted along the guide and the 1lid 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 automatically reads information from the 1eaa-in area
and U-TOC area of the disc 90.

A phone jack 53 serves as an analog audio signal
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 provided with various keys for control
purposes: keys for designating disc operations such as
play, record, stop, pause, fast forward, and reQind; 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-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 made fairly large in
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50 is shown switchable either to "MD" for the operation
mode of the current MD system or to "NEXT-GENERATION MD"
for the operation mode of the next-generation MD1 system.
The 1lid 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 display 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 the lead-in area and then from the U-
TOC area on the disc 90. o
In step 8202, a check is made to see whether the
operation mode of the disc drive unit 1 is set by the

switch 50 for the current MD system or for the next-

generation MD1l system. If in step S202 the operation mode
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onscreen indication saying that the disc 90 is a blank

disc.

If in step S202 the operation mode of tﬂé disc
drive unit 1 is judged set for the next-generation MD1
system, then step S204 is reached. 1In step S204, the
display unit 51 indicates that the disc 90 is a blank
disc for a period of, say, several seconds before step
8205 is reached automatically.

In step S205, 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 té 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 process of the next-generation

MD1 system in the manner described earlier with reference
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formatting process completed in step S206, step S207 is
reached. 1In step S207, the display unit 51 is made to
give a message saying that the loaded disc 90 is a blank
next-generation MD1l 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 S208, the display unit 51 gives an
indication prompting the user to set the switch 50 for
the operation mode of 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
recognized and control is returned to step S205.

Fig. 57 is another flowchart of steps carried out
by the disc drive unit 1 in formatting a virgin disc 90 o
loaded therein. 1In 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 from the lead-in area and

then from the U-TOC area of the disc 90. In step S302,
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disc drive unit 1 is operated to instruct that data are
to be recorded to the disc 90 in the disc drive unit 1.
The recording instruction may be given to the disc drive
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
S304, a check is made to see whether the operation mode
of the disc drive unit 1 is set by the switch 50 for the
next-generation MD1l 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 system, then_étep S306
is reached. In step 8306, a recording process of the
current MD system is started on the disc 90.

If in step S304 the operation mode of the disc o
drive unit 1 is judged set for the next-generation MD1
system by the switch 50, step 8305 is reached. In step
8305, the disc 90 is formatted by the next-generation MD1

system in the manner described earlier with reference to
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Described below with reference to the flowchart of

Fig. 58 is how the disc drive unit 1 typically works when

recording audio data to the disc 90. The processing

varies depending on whether the operation 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 MD1l system.

In the first step S210 of Fig. 58, the disc 90 is

loaded into the disc drive unit 1. With the disc 90

loaded, step S211 is 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 $213, the display unit 51 is made to
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read from the U-TOC area. Illustratively, the display

indicates whether the loaded disc 90 is a blank disc. 1If

the disc 90 is not a blank disc, the disc name and track

name information are displayed. In step S215, the

rotation of the disc 90 is stopped. -

In step $216, a check is made to see 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, atep 8217 is reached.

More specifically, step S217 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 be a current MD system disc on the
one hand; and 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 next-
generation MD1l system on the other hand.

In step S217, data may be recorded to or reproduced
from the disc 90. It is also possible to edit information

in the U-TOC area on the disc 90.

At this point, depending on the disc type
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appropriate signal path complying with the modulation

system for the disc type in effect. This makes it

possible to switch the demodulation formats automatically

between the next-generation MD1l system and the current MD

system for audio data reproduction. The file systems are

also switched in like manner between the next—éeneration

MDl1 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 S216 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 5216 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 MD1l system on the one hand; and where the
switch 50 is judged set for the operation mode of the _
next-generation MDl1 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
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S220 is reached. In step S220, the audio data are
reproduced from the disc 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 can—be
reproduced regardless of the setting 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 select 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 demodulation formats automatically
between the next-generation MD1l system and the current MD
gystem for audio data reproduction. The file sfétems 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. —
If in step S219 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
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available if the user has designated recording, 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 S1 displays two messages:
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 information
recorded on the disc 90, is permitted.
How the disc 90 is changed in its format-gill now
be described. On the disc 90, it is possible to change
the format of the next-generation MD1l system into the
format of the current MD system and vice versa.
Fig. 59 is a flowchart of steps for switching from
the disc format of the next-generation MD1l system to the

disc format of the current MD system on the disc 90. It

is assumed here that the switch 50 is set in advance for
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In the first step S230 of Fig. 59, the disc 90 is
loaded into the disc drive unit 1. With the disc 90
loaded, step S231 is reached in which information is read
first from the lead-in area and then from the U-TOC area
of the disc 90. In step 8232, it is recognized that the
loaded disc 90 has been ﬁormatted by the next-generation
MD1 system. In step S233, the rotation of the—aisc 90 is
stopped.

In step S234, all data recorded and managed by the
FAT system are erased from the disc 90. For example, the
user performs an operation to edit data ("EDIT") recorded
under the FAT management scheme on the disc 90, and
selects from among editing alternatives an operation to
erase all data ("ALL ERASE"). It is preferred in step
5234 that an indication be given on the display unit 51
asking the user to confirm his or her intention“to
actually erase all data from the disc 90.

After all data recorded under the FAT management
scheme are erased from the disc 90 according to the _
user's operation, step S$235 is reached. In step S235, a
message saying that the loaded disc has now become a
blank disc appears on the display unit 51.

Step S235 is followed by step S236 in which the
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8237, information is read from the U-TOC area of the
loaded disc 90. In step S238, the disc 90 is recognized
as a disc formatted by the next-generation MD1l system.

In step S239, a message saying that the loaded disc
is a blank next-generation MDl1 system disc on the display
unit 51. An indication also appears on the diéblay unit
51 asking the user whether or not to cancel the format of
the next-generation MDl1 system. Canceling the format of
the next-generation MD1l system means switching from the
disc format of the next-generation MD1l system to the disc
format of the current MD system on the loaded 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 $240, the format of the next-generation MD1
system on the loaded disc 90 is canceled. Illuéératively,
the disc format is canceled erasing the FAT information
from the T-TOC area as well as the alert track.
Alternatively, the next-generation MD1 system format may
be canceled by erasing not the FAT information but the
alert track alone.

If in step 5239 the user is judged to have

performed an operation not to cancel the disc format,
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In step S242, a check is made to gee whether the
user carries out the operation to set the disc drive unit
1 for the operation mode of the next-generation MD1
system within a predetermined period of time. —if the
relevant operation is judged performed within the
predetermined time period, then step S243 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 MD1l 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 S$239.

Sﬁitching from the disc format of the cu£¥ent MD
system to the disc format of the next-generation MD1
system 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 reco£ded in
the format of the current MD system. Then the disc 90 is

formatted anew by the next-generation MD1l system in the
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While a preferred embodiment of the invention has
been described using specific terms, such desc;iption is
for illustrative purposes only, and it is to be
understood that changes and variations may be made
without departing from the spirit or scope of the
following claims.

The present document contains subject matter related
to that disclosed in Japanese Patent Application P2002-
099277, filed in the Japanese Patent Office (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 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
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LT {02 08929¢ Filed id the 7pa on Aprel 1) 2002; Japanese
Patent Application P2002-190809 filed in the JPO on June
28, 2002; Japanese Patent Application P2002-099272 filed
in the JPO on April 1, 2002; Patent Applicatio; P2002-
190802 filed in the JPO on June 28, 2002; Japanese Patent
Application P2002-099271 filed in the JPO on April 1,
2002; Japanese Patent Application P2002-190803 filed in
the JPO on June 28, 2002; Japanese Patent Application
P2002-099270 filed in the JPO on April 1, 2002; Japanese
Patent Application P2002-190578 filed in the JPO on June
28, 2002; Japanese Patent Application P2002-099273 filed
in the JPO on April 1, 2002; Japanese Patent Application
P2002-190810 filed in the JPO on June 28, 2002;—Japanese
Patent Application P2002-099279 filed in the JPO on April
1, 2002; and Japanese Patent Application P2002-190801,
filed in the JPO on June 28, 2002, the entire contents of

each of the above-identified documents being incorporated

herein by reference.
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in a predetermined play order, the track information

corresponds to a track to be deleted and points to a
track descriptor in a track information table;

obtaining the track descriptor from the track
information table, said track descriptor including a
decryption key corresponding to the track to be deleted
and pointer information that points to one of a plurality
of part descriptors in a part information table;

advancing the predetermined play order for a subset
of said plurality of track information entries that
follow said track to be deleted in said predetermined
play order so as to account for a removal of said track
to be deleted from said predetermined play order;

reading the one of a plurality of part descriptors
that corresponds to said pointer information in said
track descriptor;

separating in a file system a data block that is a
part of a file specified by part pointer information in

said part descriptor from said file managed by the file
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and

freeing said track descriptor on said file system.

2. A track management method according to claim 1,

wherein:
said file is managed by a file allocation table

(FAT) system in FAT cluster units, said method further
comprising the step of
| separating said data block associated with
said track to be deleted from said file on said FAT
system and freeing said data block on said FAT system
when said data block associated with said track to be

deleted does not share a FAT cluster with a data track

associated with another track.

3. A track management method according to claim 1 or
2, further comprising the step of:
searching the other part descriptor and adjusting
said part pointer information that points to another data

block after said data block when a middle data block in a
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claims 1 to 3, wherein:
said part pointer information in said part
descriptor has a start address and an end address
pointing to said part of said file, said method further
comprising the step of,
separating from said file said data block as said
part of said file based on said start address and said

end address and freeing said data block on said FAT

system.

5. A track management method according to any one of

claims 1 to 4, further comprising the steps of:
reading a part descriptor corresponding to link

information when said part descriptor has link information

pointing to a consecutive part descriptor, and

separating from said file a data block associated
with said part pointer information in said part

descriptor and freeing said data block on said FAT system
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from a beginning of said file in predetermined data units.

7. A track management method according to any one of
the 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.

8. A track management method according to any one of

the preceding claims, wherein:

said file comprises audio data.

9. A track management apparatus comprising:

first obtaining means for obtaining track
information from a play order table having a plurality of
track information entries arranged in a predetermined

play order, said track information points to a track

137



10" 0&y 10% & ()-S10% & ()-&F10% & ()-,10% & ()- &3 10% & ()-& 10% & () -

10' o. fdE: /

10 0& -10% & ()-#10% & ()-'10% & ()-10% & ()-y1l0% & ()-s@0% & () - #MIE: /
10" 0&f 810% & ()-L610% & ()-3410% & () -

, 2MLO% &' () -+-10% & ()-)10% & ()-3<kbC 10' oY 10%& ()-VY10%& ()- 10%& ()-
10: 10: 10:3=10% & ()-:S10% & () - kE] dELC 10' oF

&10% & ()-10%& ()-10%& ()-,10%& ()-t10%& ()- 10%& ()-0"xdEbC 10' oF
s'10%& ()-1% 10%& ()-S#Z10%& ()-L!10%& ()-Fl 10%& ()-, 10%& () - 7kdEbC
10' 03- 10%& () - 1 10°/<z&' ()-/10%& ()-3 -

10% &' ()-+10% & 100 ﬁéé JhK%%%ﬂ%%O 010% & (L- "10% & ()- 10z 10z
1OZ<10@&&Q?§C§23 /5&1%) 5& ﬁ' Fon ta%fé %or trac& to ge
10 0L10W‘&f{) FZlOW‘&'() SlOW‘&' ()-&10% & ()-L10% & ()-'10% & ()- E| dELC
10' oy) 109 %.? ed;
%0% & ()-y# 10% & ()-s!10% & ()-1110% & () - S310W‘&'§ - UdEbC
10' 06s10% & () - 3e6HNE PpLeiodng pansofeg Cpreinigs &he) Fraglk & ()-!14_bC
10' 0, 109&' ()- &10%&' ()-10%& ()- 10%&k ()- 10 10 10 <10% & ()-"[odEbC
10' 010%&' 4¢scuipoy ) Lranoughe ) t¥aqlgokn{yrnat o’ t3bleovma{q-txaekC
descriptor including a decryption key corresponding to
the track to be deleted and pointer information that
points to one of a plurality of part descriptors in a
part information table;
advancing means for advancing the predetermined
play order of a subset of said plurality of track
information entries that follow said track to be deleted
in said predetermined play order so as to account for a
removal of said track to be deleted from said
predetermined play order;
reading means for reading the one of a plurality of
part descriptors that corresponds to said pointer
information in said track descriptor;
first means for separating in a file system a data
block as a part of a file specified by part pointer
information in said part descriptor from said file
managed by the file system and freeing said data block on

said file system, said part pointer information pointing

to a part of the file having a plurality of data blocks;
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cluster with a data track associated with the other track,
separates said data block associated with said track to
be deleted from said file on said FAT system and frees

said data block on said FAT system.

11. A track management apparatus according to claim
10, further comprising:

adjusting means for, when a data block of a middle
of said file is separated from said file and freed on
said FAT system, searching the other part descriptor and
adjusting said part pointer information pointing to a

data block after said data block.
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12. A track management apparatus according to claim

10 or 11, wherein:

said part pointer information in said part
descriptor has a start address and an end address
pointing to said part of said file;

said first means for separating from said file said
data bloék as said part of said file based on said start
address and said end address and freeing said data block

on said FAT system.

13. A track management apparatus according to any one

of claims 10 to 12, wherein:

said first means, when said part descriptor has
link information pointing to a consecutive part
descriptor, reads a‘part descriptor corresponding to said
link information, and separates from said file a dafa
block associated with said part pointer information in

said part descriptor and frees said data block on said

FAT system.

l4. A track management apparatus according to any

one of claims 9 to 13, wherein:

140



said part pointer information is an offset value
from the beginning of said file in predetermined data

units. (data block / sound frame)

15. A track management apparatus according to any
one of claims 9 to 14, wherein:
said part pointer information is at least one of a
cluster number in a file allocation table system and a

physical address of a storage medium.

16. A track management apparatus according to any
one of claims 9 to 15, wherein:

said file comprises audio data.
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