; e3e% D\ 868Twd OPTI CAL DI SC RECORDI NG APPARATUS CCNPUTER—READABL@:

RECORDI NGW“‘WW | NG A FI LE MANAGEMENT PROGRAM AND1OPdbraaty 2803C 5
FI ELD OF This invention relates to an optical disc recording

apparatus, a ¢ ut er-readabl e rec j umrecording a file managenent
program and aﬁﬂgbtical di sc. BACkéégb%%EEEggHE | NVENTI ON t o' Recently,
recordi ng nmedi uns such as magneto optical discs %%g% have been w dely used
for recording data to K&FT bYI e nPEECRBINGUAEERFRL USr acti cal uses of
DVWD (Digital Versatile Disc,) -RAMdiscs, are waited for due to general
expectation that COVPPBAEB-RERDABEEDRECORMING rMEDIUMNGECORDIMNCGOT t he next
is generation. In conventional M, like HD (Hard Disc) or FD (Flexible

Di sc), the m ni mum wile iNmaccEssinIpdetars) dNscORSICHERdDSE havi ng
several kilobytes. Each file is recorded in one or nore sectors. 20 Reading
and witing of files fromonto discs are executed by conputers as functions
of a file systemwhich is a part of operating systens (OS) . Afile system
is defined, for exanple. ip | SOIECL3346. 11 February 2003 Accordi ng
toac j H Nt or exanpl e, when recording a file of 200KB
onto a recording nediumw th 2KB sectors, conputers nust find 100

unassi gned sect or §hés tievertbedi melidduntoTHR 100 thddsi §hed SRIDFEinged
not be physically consecutive. For exanple, when four separate groups
respectapped nathayj ng 386mplGer3teaadath 10 newmasdigngdnsédtior seaoe diownda ofiiide
recording medium the file is divided into the four groups of sectors. Each
part omalaeydmdre: reeosded, | Aengagh 8peuRQf Sesdors, namely each group of
consecutive sectors, is called "extent". In such a conventional technique,
files can be divided and recorded into a plurality of extents. This
provides a nerit that all the sectors on a recordi ng nediumcan be used
efficient].y.even afte C i.ng_.and deleting of files on the nmediumare 15
r epeat &4 zass : gwever , conventional recording nedi ums and
file systenms have a problemthat uninterrupted reproduction of audio/video
dat® (her ei naf t er ReeR&tlan t 5ea8rAYNgategd} &8s r FatFbnashdnd eRoFd| ptical

discs (MO) have been widely used for recofding data to be read by
computers. Currently, practical uses of DVD.(Digital Versatile
-Disc)-RAM discs are waited for due to general expectation that
- DVD=RAMs will become a main recording medium of the next
+ 15 generation.

In conventional MOs, like HD (Hard Disc) or FD (Flexible
Disc), the minimum unit in accessing data on discs is "sector"
having several kilobytes. Each file is recorded in one or more

sectors.
20 Reading and writing of files from/onto discs are
executed by computers as functions of a file system which is a
part of operating systems (0S). A file system is defined, for

example, in ISO/IEC13346.
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"medi uns cannot be ensured. zo More specifically, when recording and
deleting of files on a recording nmedium are repeated seveﬁqmebhﬁﬁﬁgo@@e AV
data nmay not be recorded in consecutive sectors. The AV data may be divi ded

and recor ded 1nto el kol eXhEBhEi oA eserHIEhADOE WA 4Nl dhen

happens, the reproduction apparatus cannot achreve uninterru
reproductjon_af. the_ A\.data du seek z 11 February 2003 operati f
o opt | AP CBFARAY tRacdtars OGS FE%ar ARROTCHEge Rt uBe Pl 2K
plurality of extents. For exanple, when a seek occurs between a sector at
the i nnef®#B5PIPeri PABPYLRAG amaatt of1RE theCoutRRABAENEEr i BRECPIST £Ni e
the seek tine amounts to several-hundred mlliseconds. In case of noving

i mages, »ecbrdisgekmeflismver al Thendi®@d mndsskgnads satécrspt seeshr othict ibom
since reproducing 30 franmes per second is required for reproduction of

movi Bg | %mgeﬁcamydm@ézaﬁiamve, FYRI BLERDIR!, edvKERT @8uet ip Jmyt 80lg e
y

ensur ed conventional file systens. This is especially a serious

it obl . VD- RAM b, ke it
01 i cces CPERVIAIY (R g TO0R ) o hot Pou g Saar, S ERES ke
del eted. .Here, it should be . rem nded that di ng nedi, an_ 1

al 50. 1 TP LORPUEBF GEERT AL Sl T AV Rt 52 LR r GRAGHRT pult 10 chRgr Toas

attention should be paid on howto efficiently store both types of data on
a di sc. FSPOSORESEFLPHE .| NZEH @t 9% ther éi—éﬁergﬂmééztilbfe@ﬁb group
present invention to 20 provide an optical disc recording apparatus, a

conput erof eadabbe s, ecandilng ewech ugroepopdi rpresd¢heivansgetents ,priogr el lakd
an optical disc which ensure uninterrupted reproduction of AV data and

recood vegieasttypes of data including AV data together and efficiently. 3
11 February 2003 'The above object is achieved by an optical disc recording

apparatus for recond ng. 4 Y dea. AU N AcARLLGE diSee WIS 8 iviced

recordi ng area of the optical SC 1S 0 4 prarality zone
whi ch each,incl ud of .a s_tracks, _and includes sector,

informmqqgl§%%ﬁfﬁagdg% Egg;% ﬁﬁg%ﬁ#§“§¥nexten S. T%ls p;pv1 es a merit

that all the sectors on a recording medium can be used efficiently
even after recording and deleting of files on the medium are

15 repeatea a number of times.

However, conventional recording mediums and file systems

i have a problem that uninterrupted reproduction of audio/video data

(hereinafter referred to as AV data) recorded on the recording
mediums cannot be ensured.

20 More specifically, when recording and deleting of files
on a recording medium are repeated several times, the AV data may
not be recorded in consecutive sectors. The AV data may be
divided and recorded into a plurality of extents, as described
above. When this happens, the reproduction apparatus cannot

25 achieve uninterrupted reproduction of the AV data due to a seek



for sectors on the optical disc, the optical disc recording apparatus
including: a reading unit for reading the sector informatioFebruairy 2063
optical disc; a recording unit for recording the video object onto the
optical di sG;. an i t t 1 0g, L he; pead) it

the r e(?g%&isa;t& ogini%ff évi\ﬁgé%gf%%fc%ﬁ%ggp 3%%%“ c;d;fa}'ltdef(:&t't1saétt EP%a? tggr%:eaws]e#> ilgrsmgf
. consecutive unassigned sectors_on the %ptical disc by referring to the
read sBOVES | %ﬁ%ﬁﬁ%ﬁhﬁ REMFE Sy eQThEFTRG 2 tot al size greater than a

m ni mum si ze and being located within a single zone, the mninmm 15 size
correspondi ng to Bodagxampbent Wheat 2eAsBKkeSCAHF At BLLWSEEd & SF TRt EBntHL
the video object: and controls the recording unit to record the video

obj ect innkanidse gereidesr gein@sa Yeéthorhetalhe cwnstmosti peridhewyded a
object is recorded in a series of consecutive unassigned sectors with the

20 g ot gh s, 26 1@/ edAF {110 AnPhRES! BDMSRERE S ZhuddLe§CRL ST iWelddNls. In

i ncluding a zone boundary. This is achieved by searching of such a series

of consecutive_unassi gned_sectqr rigr.,tq.,t r r di f 6, V4

obi 6ot CaRPoCEnBoRaTEc AMeERE, "S0RE B alerepa PErsERls e A% iF%ERaes
uni nterrupted reproduction . is ensured in an %*ggf of regroduction .
appar atDEESTURE Sy FRREGANCLIRE PLAEE SKPEQWF NG 13 FebFaRPy P6F3 SRUrdedSby
the present optical disc recording apparatus is reproduced by any types of
r epr oduetiudn egp Farameseoducthibon gipsovanghdmegigsoduced vi deo and audi o
i.mages (w thout mssing franes). Al so, the record area is divided into a
plurality of zonepsré@sciibsdr ebbivze notaidjexrwidd otepabtiedtZofiZvhay not
(Zone- Constant Linear Velocity) during recording and reproduction. By doing
S0y @ gealéﬁwﬁeaesgr dpsraffigienceiis ashiwued, wi rhawl sacesheeiing thes
recording density of the outernost periphéry of the optical disc. A so, the
uni nterrupte I ction j n i.n i ohj.ect .dqQes

out ot o8 LRE To R Tha S 1T nEthBarR D anh e 4 S0 AR BTG LS ke
the recording area of the optical disc nmay be divided jnto a plurality of
2KB se¥iBrs? Wi dady f BFe38S c8Rseduddre skttDrs ?grﬁFﬁaréﬁ‘é)E(ﬁ?’{yl%%k,
the video object is conposed of a plurality of is packs, each pack having a
si ze otregrBdedhe editiadimantded¢teted. nunber of ECC bl ocks which is
represented as "N-ecc” in the followng forrmula: N

ecc=Vo*Tj / ((16*8*Rod8) *{1- SdWLY) bewrere ridgd thept esead sdangaxiediimnsinpan
time of an optical pickup of a reproduction apparatus, "Vr" represents an

i npput .Brapsteschabie nddps) dakad tagck,duf fas ofv t Rateepr oddeldrelingly,
apparatus, and "Vo" represents an effective output transfer rate (Mps) of

the trsg§t9%5w§5'attention should be paid on how to efficiently store

both types of data on a disc.

DISCLOSURE OF THE INVENTION

It is therefore an object of the present invention to

20 provide an optical disc recording apparatus, a computer-readable
recording medium recording a file management program, and an
optical disc which ensure uninterrupted reproduction of AV data

and record various types of data including AV data together and

efficiently.



Wth the above construction, the predeterm ned size for ensuring the
uni nterrupted reproduction can be obtained in case 2s def e¢tFiepRiapEod®y s are
not included in the series of consecutive 5 11 February 2003 unassi gned

sectors. In the ahpve optical di.sc . recarding.a ratus, _.the recording,area
of the optical diggeisa PYFde8°PAFS alBIuFﬁﬁ%F§%§f %KB Sébtgﬁal%éih ach
set of 16 consecutive sectors formng one 5 ECC bl ock, the video object is
conpos&@CH- ALY uRBPAEFtYE FidksreeaERipgcie NEvAieg SPSrsE AN 2RA, Qfetcal

m ni mum si ze is the nunber of ECC bl ocks which is represented as "N-ecc” in
t he foldiew,ngHarend aredbedindNacea ©LVaHE /qEtl6rEr 2048F * { §- WorIded snheo e
dN _ecc is a nunber of ECC blocks, in a series of consecutive to unassigned
sectorg, glhatalNebude deheGt e SeCéoEs. indlhideeRr esant £ Bt RSEMARjakent
time of an optical pickup of an reproduction apparatus, "Vr" represents an

I nppt . transf ernggﬁfn&hﬁ@eé)s Qe & J aﬁgg{yyﬁée&oﬂf sm%qi;rg?grc@gegt QR 5 cnment

appar at'us, ard represents an ef Tve output tr fer rate ps) of
t he tr%ck 15 bgffer . Wth the above construction, the:gre eterninedtsze
for end® ngeCEtRESurPtht dMtpPBE 1D 0BhEEr ont2an B hi G nIELSFCLng
defective sectors are included in the series of consecutive unassigned
sect or §PPEF aNs hd nglodd napt | dal réiasd necondithg faFpargadsnd h&hsf f sagher
transfer rate Vo may be found according to the follow ng formula: Vo=(N
hack* 204Fo8)at2 ol ESOR fihes bptdxialSCR sfd;r & rmaoomsiingweie Eopaclke coxdirey
total nunber of packs included .n 25 the video object that should be

recordedel RriNiESCoESECE! el Hhe dptheBNUANZ008nECR fddirsUr nght ifod
time (in 1/(27mega)  seconds) at which the track buffer of the reproduction

appar aEB%t%&%%_ﬁ“ﬁ%%;%@%'quésﬁﬁi a%%gff%él‘gﬁé'tbﬁﬁaiﬂ jEﬁ'{):i: angn SCR st

next is atine mega) seconds e trac urfer of the
reproduction.s apparatus shoul d outpyt the first pack of the foll ow

vi deo SBFEEP;\N%Hfﬁhe‘%%B%%tﬁonétrugFﬁéﬁ,iqnqs Th! e° O,SBPQFE,Q%égéd
on the effective output transfer rate, the predeterm ned size for video
obj ect $N@ISSH gnsArsedrersi onr &he omikcakhde§esby referring to the read

sector information, each series having a total size greater than
a minimum size and being located within a single zone, the minimum
15 size corresponding to a data amount that ensures uninterrupted
reproduction of the video object; and controls the recording unit
to record the video object into the detected series.
With the above construction, the video object is
recorded in a series of consecutive unassigned sectors with the
20 total size greater than a predetermined size, the series without
including a zone boundary. This is achieved by searching of such
a series of consecutive unassigned sectors prior to the recording
of the video object onto the optical disc. The predetermined size
is set so that the uninterrupted reproduction is ensured in any

25 types of reproduction apparatuses. As a result, the video object



for exanple, an efficient use of optical disc having a small anount of
unassi gned areas. In the above optical disc recordi ng appanaebfuary P603

cont rol un|t may generate nmanagenent information showi ng areas of the
optica e t shecq h g it
and co% ?8epﬂe£§eag§%| gﬁﬁﬁ? tg&gg%%gd tﬁe gen%gggggxﬁ% %&§§¥%£EQ £

|nfornat|on ontao the optical disc, and when. the readi uni t ds out
nageRBRECPHAEREY GHUT rore heo byt sBAPOHESEOfy AP EARAS LA E Bt CRER SR8

t he read managenent information as well as the sector information to detect
t he seinethe2venvofuced wbdee andsandioi bnagas wivehhorE MaRagagedirames).
information is recorded on the optical disc, it is possible to detect
unassi ghed, ateasratohtighrspees abdided thltOCLﬁfzﬁlﬁthl.)ZtyTbé abaee aaly=acttd S
al so achi eved by a conputer-readabl e recording nediumprestoring a file
mﬁ%ag?f!@&‘i 1E%°9E@‘E‘aEQron25J ‘%b‘%‘”di ”% ‘@dje%%\ﬁCt(Mé’-@BnQ%h%a' L‘i'n%r
the fi nanagenent E ruary 3 program bel ng to be run

comput er , whi, Iudes rea un|t for dat a f o] optlca

di sc: ﬁ&°8l?éféor 111'njgn%nl“:t(:"cfoorr Jrré of dngr%%f?agg%%g% rie optb{ cg%i‘g?scsom/hére
a recording area of the optical disc is divided into a plurality of zones
whi ch §u%%%ﬁl?%c¥%ﬂ%r§?%gu?ﬁﬁ%?&eﬁFeaﬁfa%%%%eY?ﬁcW§th8hg PREFLGLS1SEC (T

i nformati on showi ng data assignnent for sectors on the optical disc, the
file nmaagedbng Pengyiiy Chcthdi agtehwvobdl penipgestemt tthdeorikecaledilpe .t he
conputer: a reading step for reading the sector information fromthe
opticahldbscithe defieciéengustep teprdauectiong 1o ehsheast sdinrsethesvalkeo
consecutive unassigned sectors or. the optical disc by referring to the

rqad sgg?@gtlagggnﬁbko%u qg&ée§oﬁ@vbggqgag tal size greater than a

mnimumTn size and being located wthin a S|ng e zone, the nininum size

correspondi ng toé%%d%%%a gggv% %ﬁ#ﬁéﬁ? unkgt%ﬁgﬂgﬁftﬁés QHFtlon of

the video i5 obj recor €0 dm
into the detected series.. Wth the above construction in, which tEe conp uter

runs xFEFRXFIPS %‘?\%g‘éﬁeﬁlﬁe PYRBFERT #15F MPBsREpFEViEeHetBFe £hB %}Féé&tv
object into the series of consecutive unassigned .sectors which is 20 |arger
t han aopr Y8t srealmss siwethThashesalr axf the aanaeertdpeed adoutorvhngf
the video object. The above object is also achieved by a conputer-readabl e
one ECC block, the video object is composed of a plurality of

15 packs, each pack having a size of 2KB, the minimum size is the

“number of ECC blocks which 1is represented as "N_ecc" in the

following formula: N_ecc=Vo*Tj/((16*8*2048)*(1-Vo/Vr)), where "Tj"

represents a maximum Jjump time of an optical pickup of a

reproduction apparatus, "Vr" represents an input transfer rate

20 (Mbps) of a track buffer of the reproduction apparatus, and "Vo"

represents an effective output transfer rate (Mbps) of the track
buffer.

With the above construction, the predetermined size for

ensuring the uninterrupted reproduction can be obtained in case

25 defective sectors are not included in the series of consecutive



optical disc including a data recording area, where the data recording area
is divided into a plurality of zones which each 25 includ | of
adj acent tracks, and the data recording s _ 11 Februaryq233§*g§ ébbﬂ

i ncludes; sector inforpati on showi ng data assi gnnment for sectors on the
optical ‘HEFE TN n2fGE8RENt i nformati on showing areas of the optical disc
where a video object has been recorded and are |located within a single zone
s The above object Ifs Bhgo aINevePWrad cEipGt eFeFeadable aPPRESICUS /scthe
including a data recording area, where the data recording area is divided
into a plaacedding afrdd aoks:edhiadt Raech disd udke dipidedl ihyoofa ginsesli tyeof
sectors, and the data recording area includes: an area for recordi ng sector
| nf or matixan Shovh g, 03l 8naggLANERAL JfOM 6N Sc@PitBe s8R FekmingaBdea
managenent area for recording block information show ng data assignment for
bl ocks iC dj Wit h _the.above co rugtio Lt 4l osgsi o]
recoér(d aéal%lelnooéul}%’l t@%fbgéggoPéngtbll C So'.?n a%%é bﬁygcé fg%&ﬁa&é—?}g $€ SLS};E,
plurality of consecutive sectors._ Accordingly, even if one file is divided
and rec&ra(‘fg’d B35t R VHNF & 1337 Dfolxtieht £he RE RiDEmofize g XSemuprer of
| arger than the size of the block at the mnimum i As a result, it is
possi bl &G0 bASEXS t Whighi nter megpmedengmddast i ' B_¢fca'heini delvedaiallowing
recorded on the present optical 20 disc by preventing rote=ruptions which
are caseddnulacCuN enees-dN_seek speratTpns (16 8 heorepraduaid AN pppanad &se
Furt hernore, data managenent in units of sectors and bl ocks are perforned

t oget heynderendi 89 HDMnbhBLYRES BEcdaicid) SiaChl exes @il | 6 erloriaao9f s fde
recording area of the optical disc. zs In the above conputer-readable
optifal  di . t 11 F ar v | o i ti t -
bIo% S H%fé%ﬁéﬁgggss?§ﬁ§8rﬁd da géghaﬁn%29%§$nl§558%%g§g§ o$g$?§g§§dataf
the sector inforpnati on may. show that all sectors in the assi neg bl ocks
have bedRPIE&SYHed. N FR¥AYBT IR ohdfeucPFrontPevRint+FadatRFE PecBf ded 5
by a conventional file systemwhich uses a file managenent system managi ng
dat a i nrencsiusitiseet 8pparena sl otks" agspgesente vedednput .transfer rate

(Mbps) of a track buffer of the reproduction apparatus, and "vo"
represents an effective output transfer rate (Mbps) of the track

15 bufferx.
With the above construction, the predetermined size for

’ ensuring the uninterrupted reproduction can be obtained in case

e

defective sectors are included in the series of consecutive
unassigned sectors.

20 In the above optical disc recording eapparatus, the
effective transfer rate Vo may be found according to the following
formula:

Vo= (N_pack*2048*8)* (27M/(SCR_first_next-SCR_first current)
where N_pack is the total number of packs included in

25 the video object that should be recorded in N_ecc ECC blocks,



data are not overwitten by another data. Such a conputerreadabl e opti cal
disc is suitable for uninterrupted reproduction. to ~ In theeRRAM 2003
conput er -readabl e optical disc, a block size represented as "L" nay satisfy

t he follQw ng fornul a; > T*Vin*Vout./ (\i n; Mout . Where "L" i.fs
repr es&ﬁ%s-{ srb-l-%‘éﬁrg?jz:ef"s" # t(lg}?coﬁﬁ%;{}r]%f%%%%%ssgcgélgl?)t iaréq'é l)éh the
reproducti on _apparatus, "Vin" is represents an input transfer rate ~%Nbps)
of a bife&k SUEIRE R ridtfu HaRFPBIsTa Rt @P%W\/cﬁ}imu%p‘?‘é%@h’f—suaﬁ irst
effective output ' transfer rate (Mips) of the buffer. In the above
conput prealeaddbl €hept videodisnj eaben are BICGcKindormextori shewsttibmt (in
bl ocks have been assigned to data 20 that is not video data, the sector
i nf or mat/i (@TrER )s e drited) D RehxactEls tFadhepasseaned neckspodlivction
sectors recording the data have been assigned. Wth the above construction,
it ds j o] r ther, t i deq.,da ( - ¥l LY Oy, 4
unéisi%%??éiﬁ&%rg%?ﬁﬁfg %?%@&g &%ﬁ%hpﬁgﬁg g@%ﬂgaégiéﬂgg ?ggggﬁ?tggeglgg?a
Wth this i 11 February 2003 arrangenent, even if video data and ot her
types GPIF4 are recorded in mixture, the uninterrupted reproduction is
ensured, and both_ of video and other types of data are stored efficiently.
s -1n the above cBapht EPer eRPNS €BRGIFLINTC, LEhESIRPESESIS FhPRF@aNmy
be divided into a plurality of zones which each include a plurality of
adj acebtsedactks, tard ebbdcdive heytpurtal ttgnefebl o, sthaclpude® terminyedne
of the plurality of zones. Wth the above construction, the record area is
di vi dediiz@ If8© widdalr 8bibytef waiehe ArRAS 411 & vl tZeaZeCLVTHBY GUHIDe 685, a
qgqualified recording efficiency is achieved without sacrificing the
recor dieng d&gﬁh@ié)f 1he Quiermmst Bg&' REr Y@k e @PLLCalafdiie. oAl Sfazfhe
uni nt e rupt ed reéeprdduction isensured sirce Prig \ideo o j ect es not
outsteg the zo poundar%.d15 . _.. I'n the above conputer-readabl e opti cal
di sc, BFOERE (G RIS LENE BT R3ve the sane size except a block that is
adj acent to a zone boundary, and the block that is adjacent to the zone
boundary has a si 2B beRrfg &fRKE CPLECAlar §éFCt HEPCPRE-BEz ARA2XHBUS hefhe
bl ocks. 20 Wth the above construction, it is possible to use the data
r ecor dcrgtaoda vefifi cisgntdenesiatoe ramadankt i infachatdne Baswing sedas gef
than the common size of the other bl ocks.

the optical disc where the video object has been recorded by the

15 -recording unit and controls the recording ﬁnit to record the
- generated management information onto the optical disc, and when
the reading unit reads out management information from the optical
disc, the control unit refers to the read management information

as well as the sector information to detect the series.

20 With the above construction in which the management
information is recorded on the optical disc, it is possible to
detect unassigned areas at high speed and without difficulty.

The above object is also achieved by a computer-readable
recording medium prestoring a file management program for

25 recording a video object onto an optical disc, the file management



In the above conputer-readabl e optical disc, the block that is adjacent to

the zone boundary may include a sector having 25 a maxinmu §%& ess
in the current zone, and the nmanagenment m 11 February Zgg a?%gy?ﬁg?udes

a maxi mum bl ock | ength table which shows, for each zone, sizes of bl ocks
whi ch e&APIFRT UBBLRAe toe@rr WP Yigat ROTREECH H Vet ot NEHHFESS i B 38ABY
Wth the above construction, it is possible to nanage s vari abl e-length
bl ocks ardgundfehereadenpodadar frwint routortifdaldiyc; | andhe Feeprding unit
conput er -readabl e optical disc, an error correction code may be attached to

every priegetxgdd nethquabes ohteorsecgniefediys, andreaah rhlceckiimey deea
conposed of an integral to nultiple of the, predeterm ned nunber of

consecufdﬂ/etﬁs%gvﬁpaw' tdi dd 'fsaeqwd%@n%td{%%sgg,ldﬂaﬂiscyméf! bb8efsorwi Pen

recordi ng/ reproducing apparatus to recor produce “conti nuously

W t hout generat i overhead_si,nce each,.bl ock is_conposed.of ap inteqral
nult?plé%ékt%ﬂfiﬁgﬁe?ep ’nézlﬁgnﬁérQQJ%Q§4§nﬁﬁﬁ% 'VeSESCFSngdﬁﬁ;%ﬁEE%r
obj ect is also achieved by an optical disc recording apparatus for )
recor di AgipERA D BROVENIdc Hath sasehpBRentnciQRie§eCROd St £ eEBRIIGRFBERR
divided into a plurality of sectors; and a managenent area for recording
sect or idifsar,natheorfilze slamEgegetdt @ agsiagn il Uddmas édicorfo lamwing gpteral to
di sc and bl ock informati on showi ng data assi gnment for bl ocks on the

opti cal pdi sxkeddte OBy Gie HohpuUtREOr G 1@ AP Jted IfH uydating vRAHSEor
unit for reading the block information and the sector information fromthe

opti cal ;disGs ] i | 5 JHAQsng-.a 1, £ aka ..t Qa r
del et e tlﬁleé) at a,lt g%pe[g}{)eteiéglc%%sg%béd a|t n&f%téié iﬂ& :gL?ie%e rgﬁargft%%ﬁaé)

fir type and second tvype; a.first specifying _unit_ for, when_the judging
ni 10§ uBes  EREE tHeS dSCE I (FB [ATHSTIPATS s pOATIATHES bISSRORE (7B rest
bl ock i nformatjon, either of: unassigned blocks in which the data is to be

recor de@PtaitR bl 8&RS LY NrORPERLRHe that hakeafr SERF Bech FeEBREREN g €2Ch

second specifying unit for, when the judging unit judges that the data is
the seceedies having a total size greater than a minimum size and being

located within a single zone, the minimum size corresponding to a
data amopnt that ensures uninterrupted reproduction of the wvideo

15 object; and a recording step for recording the video object into
the detected series.

With the above construction in which the computer runs
the file management program, it is possible to record the wvideo
object into the series of consecutive unassigned sectors which is

20 larger than a predetermined size. This ensures the uninterrupted
reproduction of the video object.

The above object is also achieved by a computer-readable
optical disc including a data recording area, where the data
recording area is divided into a plurality of zones which each

25 include a plurality of adjacent tracks, and the data recording



type, specifying,. based on the read sector information, either of:

unassi gned sectors in which the data is to be recorded; a }

whi ch the data has been recorded; a data updating unit toﬁ?g?ﬁg%f$290%}
recording and deleting first=type. data into/fromthe bl ocks specified by
the firaredpeet®luds unisechfr f oRfermpsios Fhevt@gnfara asisdignyeent for
second-type data into/fromthe sectors specified by the second specifying
uni t; asdcanrassingrrtentoppilagélngism;t dmd meuiagémgnat indastmatmeonf stiwving
sector information is ' and the block information in accordance with
operati gngagf othendatop tupdat idiks¢iNikere dVihdkBeocdeve qStBaEh e@cdAddds.
possible to record data in units of sectors or blocks. Each bl ock includes
a plurallty ti ctors. opdingly, even if one file zo is
dividedgg%da?écgggég%gdﬁgiﬁﬁatﬁ%ﬁ%%%fﬁf£§§€énts, the size of the extent is
| arger than the size of the block at the m njnmum aresult, it is
possSible to ensuréﬁFhéh9¥Q1 Gt &8 PéﬁPoGEEFFXﬁdégytﬂec9WBBBeHQF§°dable
recorded on the present optical disc by preventing interruptions which are
cased b9rbticadr ctitee dncAFdiguk spetattd omsCOACERG r @pPaduciione apPg atiaga
Furthernore, data 13 11 February 2003 managenent in units of sectors and
bl ocks aseopdihgr nrkd opget Hevidegedeitag 0rpldwalpesodf bdaicks MitSchclkzeres
efficient use of the recording area of the optical disc. In the above
optical ; k364 e50p th PS PPPAE AL ESnsE B BFS 1 SETENE s UPERE | Pilde UBA £ MRY cloRivde:
a bl ock informati'on updating unit for, when the first specifying unit

speci fi n i bl qck p i ng the..nl ock_ | r gatd Y. chapgi
indicat%%%gogﬁgﬁg%ggécfg}e%r%$og§% réﬁgxﬁhé§s$%%gég ?@*@%@Eﬁgﬁﬁpugﬂgﬁgng
sector information ugda ing unit for, when the bhpck iqforqgtion ugdatin%
to 'dni t9apAatBILEMREND| BEk PREBPRALPONTRG EREAGRNg Fid c&D R JRaRREemen
speci fied bl ocks from "unassigned"~ to' "assigned, " updating the sector

i nf or re@¥ea B9rchargirdg nNahdilel o bvraetiercfbpYingcladed a6 Frmepécithired
bl ocks from "unassi gned” to "assigned.” Wth the above construction, even

i f dat ablsckecondetei spld caalcanventi onal file system which uses a file
managenent system nanagi ng data in units of sectaqrs, the blocks assigned to

vi deo data axe notyigMer¥wétEBBvRY cRpQiieictdain,. Suchsapeespyier resdabkerd
optical disc is suitable for uninterrupted reproduction. ' 20 In the above

opti cal agp 8¢ £2c0rding BRPAIALUS, s ! N bLogkydenf or rdion ipdal | B HRides vRen
the first specifying unrt specifres ocks ich are assigned to a piece of
firgt-type data to_be del eted, updates the plock .information by.changin

| ndRca R BRrB T Ee 02 BEPRa T RGO * asaFUREAREG vy s S iech (han  £108g
the sector. information updating unit, when the 14 11 February 2003 bl ock
i nf or'ned § oAl Vipe&ei agdusiec dntpea ppbekalAEBr Rat Bt SR Sohdryg ngtze of

i ndi cation of the specified blocks from "assi gned" to "unassigned, " updates
the sectie ertenmatlisorddygehangangthedisdae of cfhalbleekt ats the Inutedmin.
the specified blocks fromb5 "assigned” to "unassigned.” Wth the above
construgéi o, kkshstposgithl €4 0 gisesibeedata regendiend taveca &fifn £d £rtpyely
recording the first-type data and the second-type data in mxture since all

the sectofsokfic®:BhO aﬁﬁer%li‘a%ﬁ%eddé(‘é?nﬁEgrﬁieﬁs'[o'rw@’gidﬁt:@sie%tdeé}?{fgallo

In the above optical disc recording apparatus, the
20 disc by preventing interruptions which are cased by occurrences of
seek operations in the reproduction apparatus. Furthermore, data
management in units of sectors and blocks are performed together
depending on the types of data. This achieves efficient use of

the recording area of the optical disc.

25 In the above computer-readable optical disc, when the



i nformati on may show whet her each block is: (1) unassigned data; (2)
assigned first-type data which is mainly conposed of vi deda1daibpuarg2003)
assi gned second-type data which is mainly conposed of data other than the

first- d e th [ t [ 5 it Laocl ' fi

updat i}“%&g}r?i t%' tx’%‘afoor updla?rl5 ngh? E’g %"%ﬁ‘é{: ?%?%?érraglgg%; %édrt‘ agggégg%%upggt idrnazCta
unit for updating %he sector .information, where the first, updati g unit,
when tHRASetd AR ERHPJSPTRESERi PEupd ?%sd?F%'sEEFquGHQﬁrkﬁ'%ﬁmﬁg ORafithg
i ndi cation of any sectors included in unassigned blocks to 20 "assigned,"
updat esheWetBREcR1llnBeCHRTSOi bt hthaars rgnehdrtackenhavet eamass yanad.

bl ocks from "unassi gned" to "second-type data assigned," and the second
updating unit, whertHt hehéi asbvepdanisngudniitonypdaters 1 liedaltecki 3 nfecoridean
by changing indication of blocks from "unassigned" to "first-type data
assi g a CPERLES; he; sgcC Lof [ YyaC j e {0 | 1
sectors f% ]J.%E%%ﬁ%%yf§%§3gfﬁg ﬂd@%ﬂ?% ?ﬁ%pbfo?gggig%éigﬁﬁﬁéﬁ.gy%?F%

t he ahove_construction, it.is ssible_to nage, t he data.recoydi ng. area
i hoUt G BE PRI Syt oot HE ni2: RESFOFSY (T R0 SEand SeHE SR o0 T o FE S
data in mxture. s The above object is al so achieved by a_conputer-readabl e
r ecor AR néth IMP e sPBRFHEIE LR LYmiRgeRe® BREGram PoCH eBorePRYLESEES
onto an optical disc which includes: a data recording area divided into a
pl uralieadapleect opsicaid a dhsagentat arsed tfaddl @ ecofdirng sutinterrupted

i nformati on showi ng data J to assignnent for sectors on the optical disc
and bloskrodbotiahion show ng data assignment for bl ocks on the optical
disc, the file managenent programincluding the follow ng steps to be
exgeut ed by L he aoibuker apdeeadlig, & £ dadab 28Ul it bhogk, | of obiBLkon
and the sector information fromthe optical disc; & judging step for iIs
judging a t data,tq record or_delete e bei ng

cl assi |ég% :}fé’f%%e%?ggt %pr afg - asastélcso%a Q@epeégglg}gégg g%g%nﬁ%% ‘ng step
for, when in the jud%%ﬁg step it is judged that the data is the first type,
speci fying, based oh THe-He4d bl 6¥kRTHPBF tati on, either of : -unassi gned

bl ocks in which the data is to 20 be recorded: and bl ocks in which the data
has alwhewxs bEeh réebtdbd; rapsesendsspsbef ybageskt egifzs, WEh isedrends)
judging step it is judged that the data is the second type, specifying,
based maptdwentead secteeki nthmaat bdn, aei tbprodhictinas s iagped-atacs pr s"vin"
which the data is to be recorded; and sectors in which the data

15 represents an input transfer rate -(Mbps) of a buffer of the
reproduction apparatus, and "vout" répresents an effective output
transfer rate (Mbps) of the buffer.

In the above computer-readable optical disc, when the
block information shows that blocks have been assigned to data

20 that is not video data, the sector information may show that among
sectors in the assigned blocks, only sectors recording the data
have been assigned.

With the above construction, it is possible to record
data other than video data {(non-video) into unassigned sectors in

25 blocks which have been assigned to non-video data. With this

10 *



25 has been recorded; a data updating step for either of recording 16 11
February 2003 and deleting first-type data into/from the hygekgappeead i ed
by the first specifying unit and for either of recording and del eting

second-type data.nto/fromthe.sectors,. specifi in.t cond s LTyl

st ep; %ﬁ%gaﬁeﬁgﬁtgnnﬁ{?nup]d t i est eﬁgFSr %Fp a{%:j:ﬁ’ger}at Q‘S’é%%t gge o%e%lheé“"nﬁg
sector information and the bl ock information in accordance wifh operations
in t her@@PRAAPdAN MLkt epe, WPE (e HISVIRIAR t FEPEPSMC TR s Ho8LihTT o
record data in units of sectors or blocks. Each block includes a .

pl uralang ofocdinsecfiti védeect arsd Actbedi ngivpesvenfi f dartéd fideei o sitored
divided and recorded into a plurality of extents, the size of the extent is
| argere thapithelsi.ze of the block at the mninum As a result, it is

possi ble to ensure the uninterrupted reproduction of the video data

regorded on the preseAl aBiLealodiac du. AL LYEp1 ENGoaR Uplionseill dpay e
cased by occurrences of seek operdations Iin the repfoduction apparatus.

Furt hernore,,data ' management.in.units_of sectors.and bl ocks are.perforned
Fopet HEPCRESHE! aEeBneRePEy bt arl hFeS avpCiBrnt EVes Pl Erakpingt SAo
the recording area of the optical disc. BRI EF DESCRI PTI ON OF THE DRAW NGS
20 FI Gnckudasat Riuaphbhranée2dndcent E&askairngnd &2t ehetbwrrRamediidy
which is the optical disc of the present invention described in Enbodi nent
1; Fl ®P? shoukst he dnadsxsettimemandosardfcthef pAubddiRAMautzenes he header
of a sector; m 11 February 2003 FI G 3A shows the plurality of zone areas

0-23 and ot her angash P &Sk OrcchdMUETL M, Rike SBe6b08Sa e ol 5Z8AkAlded
arrangenent of the zone areas 0-23 and other areas; FIG 3C shows | ogi cal

Sq%tofiﬁ%ggﬁéélﬁkéwi&§:5%*%5%@'39@ E?g;rgﬁgﬁég-%hQﬂ§VJOg@§a&o?hecﬁo, a

nunber’s in the-volune area; shows a hierarchical rel ation

bet“eeEué fgigée§§¢o£8iggxé?%EgggﬁCyafg 58838538 without sacrificing the

- recording density of the outermost periphery of the optical disc.
Also, the uninterrupted reproduction is ensured since the video
object does not outstep the zone boundary.

15 . . In the above computer-readable optieal disc, blocks in

-each. zone may have the same size except a block that is adjacent
to a zone boundary, and the block that is adjacent to the zone
boundary has a size being equal to or larger than the size of the
other blocks.

20 With the above construction, it is possible to use the
data recording area efficiently since one block in each zone has
a size larger than the common size of thé other blocks.
In the above computer-readable,optical disc, the block
that is adjacent to the zone boundary may include a sector having

25 a maximum sector address in the current zone, and the management

11



FIG S shows a | ast-block-length table: FIG 6 shows a sector managenent
table and an AV bl ock nmanagenent table FIG 7 shows the AV Qlngk,drepggsnent
tabl e and the sector 15 managenent table (space bit nmap) which axe both
included_in t.he file system nman ment .i_nf ti.an recorded, in_the vol

ire b FPER SHGANISR of M THRCT et HaBa e othe T oJErelh RRRAgene® <4En
information other than the sector management table and the AV b] ock
managendR&rabf 2Z8RoRA B FAKS FhISNFRECY SHfUEE hitBLardF Y BRVectDr he
structure corresponding to the managenent information shown in FIG B;
FI G 10 shovisurheddttkagaidmisweeinthezdnbe entries and directories rewitten
in accordance with the directory structure; 2s FIG 11A shows a detailed
data structure of fite tBe abbvechidtdtyr2O0308nt LY i @Gddfilshewsot hearted &
structure of the allocation descriptor; FIG 11C shows an interpretation of
upp t i Of ent. .l th ocatyion qﬁé@FiF) : 1244 a
det ?il eyéégtégse?rlueé%m o%jltoﬁggfi I gglogéhti ﬁ%%ti on esc%;&gltnc#s% or%lsg}%@t
director SFFIG .. 12B shows a detailed data structure of the file

identifpg G idekcriptors for file; to FIG 13 shows a nodel of buffering
of AV data into the track buffer, the AV data being read fromthe DVD RAM
di sc by a reproductnofihgpgdeascusImnagr sheasabhe CHisiGUctdbICof 28 fEHEM
i ncluding the optical disc recording/ reproduction apparatus of the 15
enbodi neptrreetifirGcsd snay beockt taagjedmtshewery thedetemiredt nuobee of
the DVD recorder 10; FIG 16 is a bl ock di agram showi ng the construction of

the MPEGogBeedervd; sdetbkS, 14nkseachl BLhcdi maFrames eowhag etih® £C @mS Hinteid 1.
o6f the MPEG decoder 4; FIG 18 is a function block diagram show ng t he

(“”¥3rUﬁhh%@g@kt%g?f@%&%ﬁ%ﬁ%ﬁé?m'.e@aﬁﬁﬂbeg bize d %g%?%éﬁséé%brs

conponents; changes in the AV block managenent 19 11
February 2003 table, and_t he ace hit en AV.data is _recorded; FlIG,20
shows the changes ‘?Jnglf‘hénﬁv %F%%% e i Vgtnlcf%l é%anjus tﬁ85§5§&§—‘ bt % P &
when AV data js deleted; FIG 21 shows a |ist of commands supported by the
file sy$§EERANEHING/102r¢BECEREIND| e FRPAERERAL . UO G 22CSR6ws A ar F&RY

of buttons of the renote controller 6; FIG 23 shows gui dance i mages: FIG 24
shows t heninucaisd yandikcésoltut genetetiegchovérhped since each block is

composed of an integral multiple of the predetermined number of
15 consecutive sectors.

The above object is also achieved by an optical disc
recording apparatus for recording data onto an optical disc which
includes: a data recording area divided into a plurality of
sectors; and a management area for recording sector information

20 showing data assignment for sectors on the optical disc and block
information showing data assignment for blocks on the optical
disc, the optical disc recording apparatus including: a reading
unit for reading the block information and the sector information
from the optical disc; a judging unit for judging a type of the

25 data to record or delete the data, the type being classified into

12 -



to quality types "high," "standard," and "tinme-ensuring;" FIG25A is a

fl owchart show ng the manual recording process performed Ry dp hd €
systemunit 103 of the DVD recorder unit 10; FIG25B is a romﬁﬁﬁY?Bg oW ng

t he prograpmed recording 15 grocess erformed by the AV file system unit
103 of ghélbﬁlb PR 3ed anFecand FYEg%ai £155F SRETALY IHDWIRY Tt RETpr Shasy
performed by the AV file systemunit 103 having received the AV-WRI TE
commandth@o Fudg2ngi sunitl oywtiges shbatngthhe gadéesisof thel efingtAVtynes
performed by the common file systemunit 104; FIG 28A shows AV files before

and aftepedekeingn; YdsedBBrshake t heachapyeski nihierAYthloock eanagemenis:
table and the space bit map corresponding to the deletion; z5 FIG 29 is a

fl omh%ﬁ?igg%&gyﬁ{kﬁcm sz?sﬁh?%lf recfr@ipg 79 tolbFeydiarye 2003780814 ks

files per e conmon e systemunit 104; FIG 30 1s a flowhart
show ng. t he_process af .deleting non; AV files perf.ormmed by the,co ntile
sys$2n1h%ivh§6§;%§FG§§fﬂ éﬁ@mﬁiﬁﬁﬁqx)g??%srBEPBFSdanfaﬁ%%ﬁn%eiéggﬁﬁylng
FI G 31B shows the changes in_the AV bl ock nmanagenent table and the space
bit mapibk rEporithafy e tHEHNBtUwE TSP %&%ﬁst$ﬁed§560ha EBRserGNCon
exanpl e of the AV bl ock managenent table; FIG 33 shows the third

const r ucypen sxempieiof, thesed/ dro tHocke ahneEnentinfbtmatiof) G3thehows:
the fourth construction exanple of the AV bl ock nmanagenent table; FIG 35

shows tieaékifhegonsdctists0irexanRLd Ofhé heiaA\ bhieckt sanrgerebridald €, ahsl -
Fl G 36A shows a specific exanple of the managenent '.information; FlIG 36B

FI G 36R R G 57t SR T oRH ot dTath o Shoarng he3e Gt it onist
e OVIL e el er 10, e Rbaats Sned ST e Lh0ed a0, oL L0 cron, rog
by the AV recorder unit; FIG39 shows a nodel of buffering of AV data into
t he blocks specified by the first specifying unit and for either of
recording and -deleting second-type data into/from the sectors
specified by the second specifying unit; and an assignment
updating unit for updating at least one of the sector information

15 ~ and-the block information in accordance with operations of the

data updating unit.

With the above construction, it is possible to record

data in units of sectors or blocks. Each block includes a
plurality of consecutive sectors. Accordingly, even if one file

20 is divided and recorded into a plurality of extents, the size of
the extent 1s larger than the size of the block &t the minimum.

As a result, it i1s possible to ensure the uninterrupted
reproduction of the video data recorded on the present optical

disc by preventing interruptions which are cased by occurrences of

25 seek operations in the reproduction apparatus. Furthermore, data

13 -



z5 track buffer in the reproduction apparatus; 21 11 February 2003 FI G 40
is a flowhart showi ng the recordi'ng process in the DVD r r

Enbodi ment 3; FIG 41 shows a free space list; and FIG 42 ﬁgqj;e(i) aorg/fczﬁg?t
detailing the procedure of assigning the pseudo consecutive record.

DESCRI I r{2Yy dofe THE P RIFFERREDE ENBORIOMENER ATl it 4 oak @gparEotried abbgedher
contents of.the present ' section. (1) Enbodinent 1 to (1-1) Optical Disc

(1-1- 1)y hwisd € éarbaﬁtaurteyg%stﬁ)fe i%%kaﬁ senil kdidide SysteqcMnageaept

Information (Paft 1) (1-1- stem Managenent I nformation (Part 2)

(1-1-4) . Mnimum Size of AV Block 1s ((1-2-1). Entire System (1-2-2) Hardware
Struct uﬁ'l'ée o?eﬁ%;ﬁé%o?ﬁﬁ? fg %E’-ez-oﬁt(lﬁfﬁtt%]tﬁ? Bl ock Di agram (1-2-4)
Commands Executed by File system Unit 102 (1-3) Recording/ Deleting 20
(1-3-1) Manual Reddr dFhg FPowe DersicRB- g1 sPr oh aRRedNRe RPRIRAGLYE (AVEDAL a
(1-3-3) Deleting of AV Data (1-3-4) Recording of Non-AV Data (1-3-5)

Del &t i regs s grivioem: AVt rRP unilt] risgbrireru@d003x ()odhbiod amemd t 2oy 2apflating
Optical Disc (2-1-1) Pseudo Consecutive Record (2-1-2) Assignnment of Pseudo
Consecuinie ReEQr dshén ( Z2hk- 3fiPseudeonseou | vaiRecosseAssbgnM@iMssigned
Managenent | nformation and Space Bit Map (2-2) Recordi ng/ Reproduci ng

R S et B et o
Si P ' 3-2). R ' AV fi] ' No
opt | cal 1 ASSGHF T GITER TG AU T 5 R ARG A P RoBRE or

invention are described in several enbodinents with the above-listed

» headi ngs? Teamatthep dirfating (unily Tpri capemp e (alack)ipkgnasl okt pReatABTof

Optical Disc 20 FIG 1 shows the appearance and the recording area of a
DVDO RANRRIL & cuptiathsi $henbdpoke dln thswa tisn shywahiengtihg finguras tidre OYVDLRAM
disc has a lead-in area at its innernost periphery and a | ead-out area at
its outepsostiperipherys ¥rbh thihdadogeea ko beiswignedhe heaikdingr ede
records the necessary reference signals

sector information by changing indication of all sectors included
in the specified blocks from "unassigned" to "assigned."
With the above construction, even if data is recorded

15 by a conventional file system which uses-a file management system

managing data in units of sectors, the blocks assigned to video

data are not overwritten by another data. Such a computer-—
readable optical disc is suitable for uninterrupted
reproduction.

20 In the above optical disc recording apparatus, the block

information updating unit, when the first specifying unit
specifies blocks which are assigned to a piece of first-type data
to be deleted, updates the block information by changing
indication of the specified blocks from "assigned"” to

25 "unassigned," and the sector information updating unit, when the
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23 11 February 2003 5 io for the stabilization of a servo during access
by an optical pickup, and identification signals to preveniy gpfiat§izopswi th
ot her nmedia. The | ead-out area records the .sanme type of reference signals
as the lead-in area. The data area, neanwhile, is divided into sectors

whi chh sk thersrmht esh uaaht%%rﬁ&t DLy RAECBN & decRasertidierBy the

size of each sector is set at The data area is also divided into a

pl ur gl AY_hil. i h ; u 0 t i 6. +.Lhe

D e e e ST NG ERe e P R B e S SR R

reproguction apparatus 1S ensured even if_a se operation, occur,s._lLn_the
£ e

present &nbbarREnt , (HREATSR i N&et $HFE Bt * Yat aP&r e ST HRGFBE

into sectors and AV bl ocks as described above, is nmanaged as fol ]l ows.

" Non-ivd#gahiondgfa adiheye e hans AVngavgdedi $rasdigneBerstaecadliarkmi £508¢
sectors, while AV.data is assigned areas in units of AV bl ocks. Non-AV data
i $ mEhagedgnadlintbs "ohasedigorest." Zo AV data is managed in units of AV

bl ocks. Non- AV data is also recorded in sectors in AV blocks. Each AV bl ock

is managed not 3 dadnedeards&laten s deicAY dat asi po¥sinie.tdlesd shews
the cross-section and surface of a DVD-RAM cut at the header of a sector.

As s i Pat QUG £ SEC, i oppesediq ‘%Hétfsfﬂyﬁﬂﬁs tRat4i s
forme &?% tﬁeBSSEP cg gﬁ'a ré??g%?g%%s?glﬁ§esucﬁ s a neﬁé fi nleang gn
uneven part. The pit sequence_is composed of .Q. 4um=l. 87 it at, 25 are
car ved” nfcg’et Hc‘eecsc%?c# AP of Bfaﬁg BYD- R $0° sI’Qi8wcteheals]lec%:i’c‘gg1 %Z?C:scoggllln a
February 2003 address. The uneven part is conposed . of a_concave part called

a "griobO8k 8RA #ed6RPEL pHian ddig S Estrhvme . Aghénhig SSAETEN | and has a
recording mark conposed of a netal film capable of phase 5 change attached
tld its surface. Hertde' tdhovexppéssiadndisapabkerdfinghappachinge"” thei blokkt
the recording mark can be in a crystalline state or a non-crystalline state
depenghfgraatibet kery tdoweisdtiét nehes beeakexpased t aursads idnhededatalsi ng

t his phase change characteristic, data can be recorded into this uneven
part. (Ml diyddd ! 21 28EX PRSI €a 1AL ACHS GR fn PP! @R e b PATE Ry AN
data; or (3) assigned second-type data which is mainly composed of
data other than the first-type data, where the assignment updating
15 unit ‘includes: a first updating unit for updating the block
linfofmation; and a second updating unit for updating the sector
information, where the first updating unit, when the second
updating unit updates the sector information by changing
indication of any sectors included in unassigned blocks to
20 "assigned," updates the block information by changing indication
of the unassigned blocks from "unassigned” to "second-type data
assigned," and the second updating unit, when the first updating
unit updates the block information by changing indication of
blocks from "unassigned" to "first-type data assigned," updates

25 the sector information by changing indication of all sectors
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di sc, data can be recorded onto both the | and and the groove parts of a
DVD- RAM  neani ng that the recording density of a DVD RAM exaeg@saryab3 of an
MO disc. Error correction information is provided on a DVD-RAM for each
group of 16 sectors. In the 15 .present enbodi nent, each group of 16

sect éinsliugad | kn gihvenbhackecto,. "@Esignetor't ecting Code) is call ed an ECC

bl ock. On a DVD-RAM the data area is divided into a plurality of zone
areas to realiz&@itdt atheommlvone r obnsakhed iBHnCLM. 4 ZonepGoasbart to Lvarage

Vel ocity) during recording and zo reproduction. FIG 3A shows the plurality
of zane afAas Wakderh Uren MRIRAM Ot shayney by heeddgiiieg enhdVBi RAW-I s
divided into 24 zone areas nunbered zone 0 to zone 23. Each zone area is a

grouqaﬁ%%aégggsaﬁgaERQrgeg%%%§§ éxagghtgﬁégfggugggular velocity. In 25

this nent, each zone area-contal ns trac The 25 11 February

2003 rotational angular velogcity.,of the DVD:RAM is set separately for.each
zBne area, mﬁtthﬁgé PEFL ﬂ?cEgFﬁgaiFSh@FggﬁgeGIBge? %ngﬂgeﬁfﬁéagégle

| ocated to the inner periphery of the disc. This ensures that the optical
pi ckUfe e hpde BAediduBonrantamingity while pBRRACAMES tacERINERR NI FoA
single zone area. By doing so, the recording density of DVD-RAMis rai sed,
and rnE@dronngondabl icntadareasipdiahlr i kg scecwhdichyg andlrdescduet i data
FI G 3B shows a horizontal arrangenent of the lead-in area, the |ead-out

ar ea,r &dlr d08gz0aeear @i P1ddat hahtwerg sﬂ?w&lawtﬁl Go2A. sdbBeokead- kpgar ga
and | ead-out area each have a DVA (Defect Managenent Area) inside. The DVA

recorr@agﬁ%l@g@%{xig?”aa%@ Orf%%tif’écé?éig%gg 408 POS I ANS A5 O\fmgﬁé:%ti‘;?yggakg

inclu r eplracenen itton information’'s

sitions of the _sectors replaci t he, defective secfqrs located in_a
18l R TEFETEREn FOF o CHSITS drbal PasORHEBE BI85 Gnat LqTIR| bt OERACLRE
repl acenment area and an unused area_are provided at the boundary between
zone HRWENITHAtAS &S SAOEMENE oY dpbackRaPnc AReHONIEER A ber t hehej féle
system as a recording area. The replacenent area is used to repl ace

def echévagemendr propeamsichldeiegt the Setlowsngr etépantic Pheeurgstedabga is
an area that is not used for recording data. Only two tracks are assi gned

as theneindomgueeea, awéldsnghsuepsedrareadbagngnpr prodrdih@opmaredh and
m st aken identification of 25 sector addresses. This is because while

sect ofn@ddeesses i rabitidd FEBRURRY %BQ%E%ngﬁQQQ o PudGBgP9skhl @y N

adj acent tracks wthin the sane zone, for Z-CLV the sector™ addresses are

80T 88 Rhg L LEHENLLPRRL! L3RR | 3RS ' A A1 ALCaZ0? PAUNEYLY
being classified into a first type:andia second type; a first
specifying step for, when in the judging step it is judged that
the data is the first type, specifying, based on the read block
information, either of: unassigned bibcks in which the data is to
20 be recorded: and blocks in which the data has already been
recorded; a second specifying step for, when in the judging step
it is judged that the data is the second type, specifying, based
on the read sector information, either of: unassigned sectors in
which the data is to be recorded; and sectors in which the data

25 has been recorded; a data updating step for either of recording

16



In this way, sectors which are not used for data 5 recording exist at the
boundari es between zone areas. Therefore, on a DVD-RAM | ogh ¢briepf boo3
nunbers (LSN: Logi cal Sector Nunber) are assigned to physical sectors of
the user area in order starting fromthe inner periphery to consecutively
show @nflydehetipgt i 5stistdpPeofarachbRriPh§radt khet BlASkshsRACLALECGRIC, thte
area that records user data and is conposed of sectors that have been
assi ghedstSNpési falhgdundlturendir far AlisherasoShvenordiFKG 8BDY de letsing

i nner nost and out ernost peripheries, volune structure information is

recor dedoh@-Rgpeseshild §atdoFroM tihé heedicsesassedDaical ivol te. sEworgst
of the volune area'. except the areas for recording the volunme structure

i nfor i I itio 1 e rtist] c fsi.| es., The
| ogi caPeBrasitsianeEy Pt b1 ofr BLFRmedl, Rilain S B E Lo R g e ¢
of the partition area in order starting from the first,sector. .FIG 4
oHovs L8 2R e PR dinG TSFFOR bBEREEA 36Re 2o dde BAOHE obRECIRAF AR (b 5.
As shown in the draw ng, each zone area includes 224 ECC bl ocks (3584

sect oBSFOordaneee Ml ttheoprmdeions sactbesdafaa upsisd ing MdteMecessary be an
integral nmultiple of 224, 25 or the nunber. of ECC bl ocks. Therefore, the
size of the | astWivh2the Ebdwebramyt2008ibhockti isa paswiblesed tmedarder
t han 224 ECC bl ocks so that the nunber of sectors in a zone becones an

i ntegualtaubhi phei 0§ 228 skRdr¥ SopUNPDSEks . DVDERAN db 566k T 60 Tudekabi e
whi ch shows the size of the last block in each zone, as a part of

e e S e e R T P A G el

bl ock .related, tp "last LBN.," .The | ength of the |ast AV block,is represepted
i hd neHss 2R B SRREC N APGaed LTI Y b Dck 8 The A L ENET
col um shows the LBN of the |ast sector (zone end), nanely, the |ast sector
adj acéme 1Rt zbhelBEGRFarsRan cthedféate ofhdNSoR 4%h 6¥ the Fofsimum.
boundary. As descri bed above, the length of the last AV block is set to a
vari allse- leengtdsullhi s ptevest s pemchibde bltozk ¢nmareés thel udindgte ometed
boundary. Wth this, arrangenent, it is possible to use the recording area

on theecfirxsaeffichentt yhd lvidd)p Kdte Systemudanagersid pnéeoerat iapt{Palt
1) Here, the file systemstructure of DVD-RAMis described. The file system

of 1 NeyiRILIR/N L RIROH RN HUMIIAS Md g S %@@éﬂ%er I addidnods bhe

file system manages the AV data'in units of AV blocks. FIG 6 shows a sector

ngpag%ggﬁ gﬁ%%a fgg%éyh/¥ﬁéﬂfggioduction apparatus. Furthermore, data
zmanagement in units of sectors and blocks are performed together

depending on the types of data. This achieves efficient use of

the recording area of the optical disc.

BRIEF DESCRIPTION OF THE DRAWINGS

20 FIG.l shows the appearance and the recording area of the
DVD-RAM disc which is the optical disc of the present invention
described in Embodiment 1;

FIG.2 shows the cross-section and surface of a DVD-RAM

cut at the header of a sector:;
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managenent table. The sector managenent table is recorded in the partition
area of the volune area and is included in the file 2s sy Qﬁﬁgnt

i nformation. The drawi ng al so shows a 28 11 February 2003 hierarchical
relation between the volune area, sectors, and contents of the sectors. The
first layer shoeQ-n 'ShAWRHERS 3 WY P IF12878D. 2 T8 cond2 M ay 8 hGiows
sector areas which includes the sector managenent table and the AV bl ock
managdfeds pabrvédedhensactdiD-HRAM4s are included in the partition area. The
sector managenent table (also called a space bit nap) show ng the data

assi gnnment st at UBIG @B efdodws ectinsri Sot££Dr sherkngenidrer Seft tiie azens b ems h
LBNs 0-79. The AV bl ock nmanagenent: tabl e. show ng the data assi gnnent status
for egch3A¥nbl @ekelrS sv@GQ;ded in the sector areas with LBNs 84 and 85. As
shown in the third | ayer, the "space bit map" colum shows whet her each
sgctor included iyt rtd tion area is 15 i_qgne ot,-assi

t%is exanpl e, tH%H%Séglﬁﬁkﬁﬁ %ﬁ%ﬁ%?%ﬁsﬁéiﬂf &ec g%gingﬁéﬁc% e%ﬁﬁgqgﬁé”ﬁ$t.
For exanpl e, each sector for |ogical block nunbers 0-79 is given bit "0"

(i ndi 8&fPAg "assigned") since these sectors have already been assigned as
a space bit map. Simlarly, each sector for |ogical block nunbers zo 0-84
is given bit "0"FIGs¥ gneelys slogkcahdskogkcnwpse hav LB bally BRenvVadsitgmed
as the AV bl ock nmanagenent bl ock. As understood fromthese exanpl es, each
bit iarehe, space bit map is witten as "0" when a file or a part of a file
is to be recorded or has been recorded by the user or the application in
the current sectpig. 2SsHSeri SeewhitheBa8Sralatidl vedleERbrYARY 220003 The
AV bl ock shown in the third | ayer shows for each AV block in the partition
afea, ppt bi t AV bl ock, whether the current AV block is
uﬁasngFegl S/'é?%fgﬁé 0 AV data (0O1), assigned to non-AV data (10), or
reserved (11). F exanple, the AV block 0 is give its "10" (indicating
"assigned to nongk@'éaf O¥SsPn é%ﬁé&yﬂgkﬂ%ﬁﬂgé%rﬁébikfeady been assi gned
as the space bit map and the AV bl ock managenent table which are both

non- AV data. Wiehi€ePt ShOWAV | RKECHr BaBREGHEAS 438 lgnand crAVAYatkd 9@k t he
AV bl ock managenent table, all the sectors included in io the AV blocks are
shownmanagesiegried-dlbyld he space bit map. This nakes it possible to prevent

m xture of AV and non-AV data in each AV bl ock, and secures AV data
consecutive recordgNy SHERS ik QV 1hevs maladdnishipiketasRe Heh & S HF 0Ck

managenent table and the space bit map. is On the left-hand side of the
F10Ur Ra rfRfe 0 £ P5K1 (space bit map) which are both included in the
file system management information recorded in the volume area;
FIG.8 shows information included in the file system
management information other than the sector management table and
the AV block management table shown in FIG.6&;
20 FIG.9 shows a hierarchical directory structure
corresponding to the management information shown in FIG.8;
FIG.10 shows the linkage between the file entries and
directories rewritten in accordance with the directory
structure;

25 FIG.11A shows a detailed data structure of file
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managenent table is shown. The table includes an arrangenent of a plurality
of pieces of two-bit data which each shows the r assignne AV

bl ock. In this exanple, the AV blocks (AV BLK in the drawﬁhé?&@%ﬁigeé?e
witten as "10" (non-AV data); 20 the AV bl ocks #3-#75 are witten as "OL"
(AV dafBFIYdnd the AV bl ocks #76 and after are witten as "00"

(unassigned). On the right-hand side of the figure, the space bit map is
shown. In this exahpl2]lBt ehawsi ghreentlasaatatsrwodtthe sett dhe | adlwdsdcion
the AV bl ocks #0, #3, and #79 is shown in the blocks 25 encircled by dotted
| i nes. q&ke rA¥thlrock #0 has been assigned to 30 11 February 2003 non- AV
data. As a result, in a corresponding part in the space bit map, it is
shown that sector ayh Rg reco AV .dat r ittt ag Q.
(assigned); sect o?%ehg\hnengﬁ%g}t}' b%gnigggg gg}]a}l{&%—?}A&ga gmgrre 1j’\i’/rpﬁ)t elrtl%asoﬁ 1"
(unassi gned).. .The AV bl ock  #3 has been assigned to AV data. As a result, in
a corr EXSERE AFTHM 9 #heOShEEeR bRESARPPEPE?i s shown that all the sectors
are witten as "0" (assigned). The AV bl ock #79 has not been assigned yet.
As a result, in aF&erleédpaitivg parctetiai gt dphde Virxueprei 0f sthRovklitat
all the sectors are witten as "1" (unassigned). 1 Q It should be noted
her e t Haterithief iA\4 thl @t kdesoagetent fabl eimeytbeyr;ecorded as data for the
file system as the space bit nmap is, or nay be recorded as one file. In

the latter case, phg AYJH OfkoBNaoeRRAL 1D Eats BRIAGLGAS SfNeReAVrdpd a
file. In the present enbodi nent, the AV bl ock managenent table is has a

‘table gﬁgﬁtfgféa{$%§y§%§%%§pg§¥&rg¥§ §%h£st structure. (1-1-3) File System

" Managenent 1T nfornation Shows i nformation included in the

file system nana nt i nformati on other .than the sector_nanagenent table
and® t hg AV bl ockgﬁgﬁaéénﬁﬂo‘f%lﬂ @%‘ﬁ%ﬂoﬁngﬁgéeé.lnﬂwé) r2 ﬁa’q—eha\nst%the

hi erarchically the volune area, sectors, and the contents of the sectors.
The ar i@k -ELfenonwthie 20r data Padighread SroradddVPTBAMofiske byl 2
"Moviel . VOB" is detected in accordance with the managenent information
shown irepdrtedubr@mmgapgaeatiusst | ayer of the drawi ng shows the vol une area
2s shown in FIG 3D. 31 11 February 2003 _
FIG.14 shows the construction of a system including the
optical disc recording/ reproduction apparatus of the
15 ' embodiment;
FIG.15 is a block diagram showing the hardware structure
of the DVD recorder 10;
FIG.16 is a block diagram showing the construction cf
the MPEG encoder 2;
20 FIG.17 is a block diagram showing the construction of
the MPEG decoder 4;
FIG.18 is a function block diagram showing tte
construction of the DVD recorder 10 based on the functions of the

components;

25 FIG.19 shows the changes in the AV block management
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The second | ayer shows various kinds of managenment information such as a
file set descriptor, end descriptor, file entry, and direc{OtdprudheRPaki nds
of information conply with the file systemdefined in | SOIEC13346. The
file systemdefined in s | SO IEC13346 achieves a hierarchical directory
nmanagEABAL. 2GS IFRACS PiteraaphvRan AVr datar ¢ Sstaraifeicor responding to
t he managenent information shown in FIG8. In FIG9, ovals represent
directories, andFi@cE@nghesis ephesaitarfgdesinThHdia odV dilreett ompnbigeemdes t o
a directory "VIDEO" and two files "Filel.DAT" and to "File-2.DAT." The

di rectaby e’ MHE@ndrapwdespi e hbpeanthl 8% alkwi als WdB.etédpvi e2. VOB, " and
"Movi e3 VOB." The managenent information of FIG 8 corresponds to the

directory struct ) t filke i o] :

Novi el VB, - i e th 2 T e, ® TBTRCOF; FRTE AP IS SRR CARBL O ite

t second | ayer_s an LBN of ~a sector in which a file entry of the root
d?fec?§ﬁ$%Q;QQﬁﬁniﬁszQ%e ﬁdgﬁégcpﬁﬁﬁgﬁmﬁpﬁh LBN 81 shows the end of a
file set descriptor. Each file entry (e. g., LBN 82, 584, or 3585) is
recorded 20 for BAER2Ri Ishqishciudiesgasigeaendr \9f ahutsraes of stBpagemote
position of a file or a directory. File entries for files and directories

have tlatsanieldwrémt so that a hierarchical directory structure can be
constructed as one desires. Each directory (e. g., LBN 83, or 585) shows a

storage =5 positrog.oB aniduse tdandorikagdsfil e and each directory
i ncl uded 32 11 February 2003 in a directory. The third layer of this

exanpl e i ncl udeseblr9g LhbesCRhLl fp: apgd Wndl sesbari £ tolheadhlse cphel es

and directories are trace I'le system an ave a data structure

const ruct 5.8 hat, a st@ra si_tiqn of. a,,prede i fiule can be
tggceéﬁﬁggﬁﬂff%fb%%M/?h%ﬁdireg$85§a§FVucfﬁ¥% ﬁng%ﬁéféﬁ%?ggf Each file
entry includes an_all ocation descriptor showi ng a storage position of a
file or a direct5£f- 2@fent$hé fTleverathe AIPERDr $PPs THW kd GEAF AR
plurality of extents, the to file entry includes a plurality of allocation
descr ipptages § opegdormed ehy. e avanplbe fsysdeant nhés W @B 18N 8ReandVBg4
each include one allocation descriptor. This neans that none of these files
i s di vedaskdart onmipl uoality of extents. In contrast, the file entry with
LBN 3585 includes.two allocation descriptors, i5 indicating that the file

h:sg?im;g’zfd of twaeerEants FFARRINBH AhbWite YIRS prddramedetiddd c@ihgn
15 process performed by the AV file system unit 103 of the DVD
recorder unit 10;

FIG.26 is a flowchart showing the process performed by
the AV file system unit 103 having received the AV-WRITE
command;

20 FIG.27 is a flowchart showing the process of deleting
AV files performed by the common file system unit 104;
FIG.28A shows AV files before and after deletion;
FIG.28B shows the changes in the AV block management

table and the space bit map corresponding to the deletion;

25 FIG.29 is a flowchart showing the process of recording
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showi ng, for each file and directory included in the current directory, a
storage position of the current file entry. As indicated Pyrghi@aly 3003
entries and directories shown in this 2o figure, the storage posi'tion of

the fncJ A\f Of)ﬂlé’ dgl?é’#%/{?ié:hgiri]t%r/? nkScbhAcR ¢ r1et 'E%zd&élﬁruﬂit ible set

descrr ro t) --~ .-~ rectory root --1 3~

--> frle entry -~ director vrde - f

(Moviel) --~~7 (‘%G S% &%&%%?‘%C%%ﬁ@&l %ﬁ eﬁ)!r%?s 98 ﬁeetfel% éﬁows
the |inkage betmeen the file entries and 33 11 February, 2003 directories
rew NAEPY nfhkedrparEerRpenbyhEhai cormeny Hauciyseem| Wit helfddwi ng, the
root directory includes file identification descriptors respectively for: a
parent dierect oFIG.OHA mronwe rofn-tAle Tiobéesiksefhrer aod iafdelw )dele VLiDEO
directory, file "Filel.DAT," and file "File2. DAT." Al so, the VIDEO

dsrectory incl udesg.f[Hile 31@!&&2! th@atdr@mgt@cmptwes A‘esbﬁebkvedané@émeﬁt
par ent drerectory (root), file "Moviel. VCB " file "Movie2.VOB," and file

" Movies, VOB, 1 g The SEBE?erEQSh%PO'&oQ{_;g | £ VRB' abscdetpgt ed by
tracing 1 n the or er-o : 11; A ows a detalled data
structure of fil in the drawin the fi ents a
descri ptor tag, EﬁéB%? hoéﬂsl 3’&% S&F% c??rb?B’FuthﬁaPheXS@ sr %ﬁ% #gute
and allocation descrrptor "BP" in the drawing represents a bit posrtron
and "JRgpok r@%@égéﬂﬁ§tatﬁ€ﬂ§trve bit position. i5 The descriptor tag is a
tag that' shows the current piece of information is a file entry. DVD RAM
i ncl udes a vari @IS 3Ppeshofs ttgs shéhdasamstitwcmhonyedempileptad , thespdce
bit map descriptor, or the like. Each file entry includes a descriptor tag
woi t tisTo@r mafdgembaw rRgblkgt the current piece of .information 20 is a
file entry. The 1CB tag shows attribute information related to the current
file entry. The i t i h e
i bute i han the conton e daly rea T ot e Rt T r o s e N
February 2003 The all ocation descriptor field

int e_en
store l%ék ng%%wggathk ﬁescrrptors as the nunmber of extents in the file.

The aIIocatron descriptor shows an LBN indicating, a stora position qQf an
extent in a fil &%t-30 dsherdotpe fWﬁ?ﬁu?%ﬂﬁﬁﬁp?ﬁeoﬂaFéaﬁ gF &%Lﬁ@eoﬁ Yt he

al l ocation descriptor. In the drawi ng, the allocation descriptor includes
dat a phatsanengggmestt d@blegngt h and i ncludes an LBN indicating a storage
position of an extent. Note that the upper two bits of the data indicating
as extent |engt lEBHOMEAL Eh@ior agespséal Ascofestdrepbat ent tkeordanggameat as
to shown in FIG 11C. FI G 12A and 12B respectively show a detail ed data
struci HegrREtile file identification descriptors for directory and file.
These two ‘types of the file identification descriptors have the sane

format: each despripigs ifiphHdes: JPNAgCRRR! hBEOTEBEEObonding to the

management information shown in FIG.36A;
FIG.37 is a function .block diagram showing the
20 construction of the DVD recorder 10 of Embodiment 2 based on the
functions of the components;
FIG.38 is a flowchart showing the recording process

performed by the AV recorder unit;

FIG.39 shows a model of buffering of AV data into the

25  track buffer in the reproduction apparatus;
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i5 identification information, directory nanme | ength, an address show ng
the address, represented by an LBN, of the file entry of 31#epr@ENPIODPI a
file, information for extension, and directory name. Wth such an
arrangenent, an gagdr £5si 9fa arf bli€naRtr ¥ neimes peli hgcdodiingi peeics ysnane
or afile nanme is identified. 20 (1-1-4) Mninmum Si ze of AV Block Here, the
si ze t i r part of FIG 4 is described. Each AV
bIockgg%c2@9ﬁ%€§qgﬁﬁfi§§ygééééu:eégﬁg'is conposed of 224 ECC bl ocks, where
each ECC bl ock has aggut 7MB. 25 To ensuredgge uni nt.errupted reproduction
of AV data, the Bifr AunPBEWS 21 IESS FRAFD0DRSET 2808f AV bl ock i s

determned in relation wwth the buffer of the reproducti on apparatus.

FI G 13 shows a nBael48f baffarifioechavtdadatpatld e theacPIRFI@RTet heTAY
data being read fromthe DVD-RAM di sc by a 5 reproduction apparatus. In the
upper apariigming-lthd hsdio Avodatauread freaordde DVD- RAM disc i s subjected
to the ECC process. The processed AV data is then tenporarily stored in the
track buffer (FIFO nenory), and is sent to the decoder. In the draw ng,
"Vin" represents an to input transfer rate (m nimumvalue) of the track

buffebégﬁgﬁoﬁgﬁ iﬁﬁ%ﬁépﬁhﬁEDO@ME@%ﬁ@g’ and "Vout" represents an

out pu ck buffer, where Vr>Vo. In
this nodel, Vin=BMps d Yout =l 1Mops. The | ower part of FI 3 is_a graph
showi ng the chang®&®i Zol AOMRBIyALE é%%ﬁmﬁa%]ret% cPaER Bt Peﬁ(fa‘i & (RF &SROl .
In the graph, the vertical axis represents the data anount of the track

buf f erseqthieomori zontal axis represents tine. The "T1" represents a tine
required for reading out the entire AV data recorded in the pseudo
consect) vEmsedimen#j1 In 20 this period Tl, the data anmount of the track
buffer increases-at the rate of (Vin-Vout). The "T2" (also referred to as a

j wep perd od)opepegsepisct he maxi numtinme taken by the optical pickup for
junmping fromthe AV block # to AV block #k (for exanple, it junps fromthe

|2:2bir32 ;—“};Ts)%é%ﬁ%kEaiostc%c%‘dﬂ:"er%‘%Sto&{&é‘itiis'crhe junp period 36 11
(1-1-2) File System Management Information (Part 1)
(1-1-3) File System Management Information (Part 2)
(1-1-4) Minimum Size of AV Block

15 (1-2-1) Entire System

, (1-2-2) Hardware Structure of DVD Recorder 10
(1-2-3) Function Block Diagram
(1-2-4) Commands Executed by File system Unit 102
(1-3) Recording/ Deleting

20 (1-3-1) Manual Recording of AV Data
(1-3-2) Programmed Recording of AV Data
(1-3-3) Deleting of AV Data

(1-3-4) Recording of Non-AV Data

(1-3-5) Deleting of Non-AV Data
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i ncludes the seek tinme of the optical pickup and the time required for the
rotation of the optical disc to be stabilized. In this periedplar b3 data
amount of the track buffer decreases at the rate of Vout. This Is the sane
in the)pembadiikkentd JThe size of the AV block is obtained as follows, where
the size is represented as L bytes.. In the period T2, AV data is read from
t he tpa ; ly~this is perforned. If the buffer capacity beconmes 0O
duriéé ?ﬁigﬂﬁéﬁ%ﬁbsagﬁzunderfIOM/occurs to the decoder. Wien this to
happens,. t.he uni nt errupted reproducti gn of the-AV data cannot be ensured.
Here?%t& éﬂs&#ﬁ“ﬁ#% '?ﬁ%yﬁﬁg?egngﬁﬁoduction of the AV data (not to
generate the underflow), the following fornmula need be satisfied. is

. <For'mnla 2> AStisnmept apbuReeBRO?COPSSELSIvVeaRRFRT®S The storarge anount
B is the anmobunt of data that has been accunulated in the track buffer at
the d@d1of3)t he Frenidal TXomdecuiehve outRanondt RABsighmendt al Mamagemeftdat a
read during the 20 period T2. The storarge anmount B is cal cul ated using the

fol | oufgiaridd ean&Fopadb ap2e f1spor arge anount B) - (period T1)*(Vin-Vout)
25 - (read out tinme of one AV bl ock) 37 11 February 2003 *(Vin-Vout) -

(AV qamgsggggbfd§ﬂ§9§é$%gaggyhés%ggﬁg%ﬁﬁﬁput amount R is cal culated using

the follow ng fornula. IS co at the maxi mum junp period Tj
wll be .abaut, 1.5 seconds_in the worst case. <Formula 3> (Read-out anount
R A TR AR TakBvBER SRR T BsectBbps o o o'
megabits -_1.5MB Repl aci ng. both Bides of the Fornmula 1 respectively by
For M4 &~ 2hd Bf %.%l@gVeglégrﬁﬁb fol l owi ng formula. <Fornula 4>
"(L/vin)*(vin-vout) > Tj*vout- . , Fromthe Fornmula 4, it is derived that
the 1iokk Regerdispoofdr¥afFidey the fol l owing fornmula. <Fornmula 5> L ~
Tj*Vin*Vout/ (Vi n-Vout) 20 ~ 1.5sec*| | Mops*BMops/ (I | Mops- BMops) 44 negabits
(3) Embodiment 3

(3-1) Minimum Size of Pseudo Consecutive Record

(3-2) Recording of AV files

Now, an optical disc and an- optical disc recording
15 -apparatus of the present invention are described in several
embodiments with the above-listed headings.

(1) Embodiment 1

(1-1) Optical Disc

(1-1-1) Physical Structure of Optical Disc

20 FIG.1l shows the appearance and the recording area of a
DVD-RAM disc which is an optical disc. As shown in the figure,
the DVD-RAM disc has a lead-in area at its innermost periphery and
a lead-out area at its outermost periphery, with the data area in

between. The lead-in area records the necessary reference signals
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5.. 5MB From the above consideration, it is found that when AV data is
recorded in a consecutive sectors of 5.5MB in one AV 25 bypgkpryary 2003

uni nterrupted reproduction is secured even if a junp occurs 3B 11

Febr yar 03 between_ AV. bl ocks. _The m ninum.size of AV bl ock to I

uni n@#ugng Sr%%ﬁ”oﬁh%? dR%i 5. VB EIYP ¢t ggrbpgsea}ﬁc%?‘r%o%lyrreﬁ{l, ?ﬁgiiﬁ-

bl ock si.ze is set, to 7.2MB. This is hecause a margin is included in hge

val u@i a8 n§sh iteRiifdred gt $iE et PGV e BWNHUE- ITht 'S BB cBGRET

Al so, the track buffer capacity should have 1.5MB at the mninmumto prevent
an odaf¥@nce DieudgadHaw &1ea- Med@unds ethpstam®l GYre shbwsreherence
construction of a systemincluding the optical disc recording/ reproduction
apparsaiarsald ddetlps eseati-ta ameedi nent. The systemincludes an optical disc
recordi ng/ reproduction apparatus 10 (also referred to as DVD recorder 10),

asremote controbphgr 48 +duSedehor raRehalineg e IR IRCATHY bt HVhich .

recorder display 12 connected to the DVD recorder 10, and a 15 recelver
D

After_t he ,DVD- di.sc_i.s l.oaded, .t der_ 10 co esses the

vi deo%raeug?}})e REM tcﬁ”i% iWcI"ﬁHecd"‘ ih%’et @%’%&&{ch% (])baedc%g%%ge veEe\fﬁi’ch
is received through the receiver 9, records the conpressed data, with the
AV bItt& 8428hOTm$ATRINTE6LARI t1S i fED Bfe 4D RARRG S2T2xPBERAs thedlso
conpressed vi deo/ audi o data, and outputs the expanded vi deo/ audi o signals
ont o Gl gigpfaynte. a( plaxA)liHay dedr 2VSbloctksr evhofciDVERFecarged 1rFLE ©F i s
a bl ock diagram showi ng the hardware structure 25 of the DVD recorder 10.

39 ddndeditivy X0odhe OV recos def ddch v Uslescla Lond¢ol santhat, tae
* MPEG encoder 2, a disc access unit 3, an MPEG decoder 4, a video signal

RHOCESS] AfedPhbtad 2ebSFRL tGUH Ahd efefro8ublSod, aBpa® i CONtERLSRq
signal receiving unit 8, and a receiver 9. The contirol unit 1 includes a

CPU1 b s ' f [ d.
cont oY EuneE & B8Rk ERe F e e Lt et Pt FR ERG R Y B oo

the entire, DVD recorder 10 in terns of recording, reproducing, editing,
etc. Bspctal TSt TRERDHE BB unitha Qore rota™ t el TAFS oL REQoR BEFOFR and

accordance with the file system when AV data is
AV blocks as described above, is managed as follows.

"Non-AV data," data other than AV data, is assigned

15 areas in units of sectors, while AV. data is assigned areas in
units of AV blocks. Non-AV data is managed in units of sectors;
AV data is managed in units of AV blocks. Non-AV data is also
recorded in sectors in AV blocks. Each AV block is managed not to
include AV data and non-AV data in mixture.

20 FIG.2 shows the cross-section and surface of a DVD-RAM
cut at the header of a sector. As shown in the figure, each
sector is composed of a pit sequence that is formed in the surface
of a reflective film, such as a metai fiim, and an uneven part.

The pit sequence is composed of 0.4pm~1.87um pits that

25 are carved into the surface of the DVD-RAM to show the sector

24 -



recorded in the DVD-RAM disc in the m ninmumunits of AV bl ocks. The MPEG
encoder 2 conpresses the video/audio data which is includedrepruaRe2@ml o9
broadcasti ng waves received through the receiver 9 and generates ‘an MPEG
strean%défegﬁg di sc access unit 3, having a track buffer 3a, under the
control of the control unit 1, records the MPEG streamreceived fromthe
MPEG encoder 2 into the DVD-RAM dj sc_via the track buffer 3a, read %%% t he
MPEG st ream from PBAIEAN A St S SFRPRRE Pt 85t Re Ctoé‘ﬁ‘ﬁ\ﬂ?é@%?r‘é&%‘t tthe
MPEG decoder 4 via the 20 track buffer 3a. The MPEG decoder 4 expands the
conpr eSSEAOVPERRE r2a@PIHeEhPast reatledtabylend"di sEadtarroeiviet 28d drgnd
out puts the expanded video data and audi o signals. The video signal

pr oceslsa sgaundcdx diony emb skt hempcdea 25 dat aadatlpufiIimomephdlMPECE detadsy 4
into video signals for the 40 11 February 2003 display 12. The renpte
controthghgsi gPehchesetyi NYsushtr8cEeCcei¥es I eRet @ :gHHd Nl dernshpaghe fgom
the renote controller 6 and inforns the control unit 1 of which operation
the u S~y uc r ' S A s
const ronren chSTatontihy Sgn e (FER A d it S B BB M pae
used at_honme. Not limted to the construction, when the DVD-RAM disc is to
be useﬂtageaOtrec%rrb‘?’ﬁ@cﬁ%ﬁfgﬁ}rﬁ‘f‘ﬁ? SEREGt es?eré‘?ﬂen%PPom%%?omyiPacm%
are possible. That is to say, the disc to access unit 3 is connected, as a
DVD- RAM- 1By N6 HSRI RAROSED HOcanpdodt M a HALPE ddliedistse ehame

Al so, the conponents other than the disc access unit 3 shown in FIG 15 are
achi evedapacbopeiated, wienat ben(BGe andlcvhdedpphtcathds pnegeanpate .exéuiitled
ion the conputer hardware. 15 .~ .~ FIG 16 is a bl ock di agram showi ng the
canst ruet iegn 1yt peshPEGeerEPdescdrd AGaROWRHI the dhaw Rart hef MBEGMO
encoder 2 includes a video encoder 2a, a video buffer 2b for storing the

out put dQEﬁt, hgayhdeanepEodet or804244L 8 ﬁg{fﬂd@ﬁezfananaﬂggirtﬂebﬁfrfo%ez‘iﬁf){s

storing the output of the audi o encoder, a system enco 2072e for

mul ti plLexi_ng e coded. video, data .and audi g .data respectively_ s ed. .,

t he vi 8@0 aou?#gr ’aﬁ‘be‘?rhjen%uag‘SttbLﬁa}’feerr%ﬁ?rgﬁ%ﬁé?%‘gjsfgmo‘?i e él%rgcw
unit 2f for generating sync clock signals for the encoder 2, and an encoder
cont r ofXGREAS2gtRBE nt PBI MgdhRE - nanBEFRY tFRSESEhi PR, 1nformation is

provided on a DVD-RAM for each group of 16 sectors. In the
15 present embodiment, each group of 16 sectors that is given an ECC
. (Error Correcting Code) is called an ECC block.

On a DVD-RAM, the data area is divided into a plurality
of zone areas to realize rotation control <called 2Z-CLV
(Zone-Constant ° Linear ‘Velocity) during recording and

20  reproduction.

FIG.3A shows the plurality of zone areas provided on a
DVﬁ—RAM. As shown in the figure, a DVD-RAM is divided into 24
zone areas numbered zone 0 to zone 23. Each zone area is a group
of tracks that are accessed using the same angular velocity. 1In

25 this embodiment, each zone area contains 1888 tracks. The

25



25 The encoder control unit 2g sends information such as 41 11 February
2003 the GOP information and the picture information to thqp@gﬂxﬁgboyylt 1
shown in FIG 15 every time a VOBU is generated in the encoding

GOP i nformation_includes the nunber of packs in_ the VOBU and the nunber of
packs HHaHerR 2+ sSERPUHRAEL e OCH Hhe T WBPVENnRAYadRs SentI SRR hely &
for exanple, video packs (V_PACK) and audi o packs (A PACK) shown in FIG 10,
each adhgend ixesR/ engtih DiiPKB:1laetby dbaghyg, highehre thresehesenbedizee ,
the GOP information indicates the nunber of sectors assigned to the VOBU

and t hereaunberl ofasedt vs stlassigned periphstyl ofii ¢her @liist t heThie ¥@BWres
FIG 17 is a block diagram show ng the construction of the MPEG decoder 4.

As shawai nehhe gpantgg. FE% dng&He&fb%r Al @C'wﬁétgnéewltd&a Orwrﬁ%é or

di vidi ng MPEG streans In eo streanms and audi o streans,

4b f I 5 h ' id .d d 4
fof QRGIRGCRE VEGES ST LAtk S Borta I taanéf’&%%raﬁﬁﬁéwazﬁé@'m%i’ i are

buffer 9d for tenporarily storing the divided audiq streans, an audiQ
decodefeART SR IJEESHLTY 1 BYBF t#éar?%als?e%ﬂedapﬁ ERE 3RiAD BarEEPlads an
STC (System Tine C ock) unit 4f for generating sync zo clock signals, an
adder ¢ oeaadldirndusfihgetracdnding ;andergynedectdlnsi gnal s, and sel ectors
4h-4j for selecting either a sync clock signal or a sync clock signal added

w th an of fset vai® 3mdshvpel \d NgotheoaekeactLt aigaasnt o othet e miletadpd igxor
4a, audi o decoder 4e, and video decoder 9c, respectively. 25 It should be

noted fese, that 1084 MRS Qf@&deéné\ ShOWIL9R ardd bebruaRY+2QR3 el BHAR, i

~drawi ng nay be constructed the same as ordinary MPEG decoders in which the
S Iectfi ég to 4) and adder 4g are not included. (1-2-3) Function Bl ock
D agram s FI'G 18 is a function bl ock di agram showi ng the construction of
the DVD recorder 10 based on the functions of the conmponents. Each function

shown in the figurRei ¢eadidvedTsft A1 hée@PUAY | ATPRe TRt r BBV £

executes the programin the main nmenory 1d to control the hardware shown in
FI G 14(Defect Management Area) inside. The DMA records: position

information showing the positions of sectors found to include
defects; and replacement position information showing the

15 positions of the sectors replacing the defective sectors located
in a replacement area.

Each zone area has a user area on the inside, and the
replacement area and an unused area are provided at the boundary
between zone areas. The user area ié ah‘area that can be used by

20 the file system as a recording area. The replacement area is used
to replace defective sectors when such defective sectors are
found. The unused area is an area that is not used for recording
data. Only two tracks are assigned as the unused area, with such
unused area being provided to prevent mistaken identification of

25 sector addresses. This is because while sector addresses are
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to As shown in FIG 18, the DVD recorder.10 is conposed of a disc recording
unit 100, a disc reading unit 101, a file systemunit 10211 Resraass 20039/
editing/ reproducing control unit 105, a user |IF unit 106, an AV data
rePorgggng@#]éépa ddpaY f%f%gtiﬁg W3ialedrd0: + 20y 8N AY 1A 2 hEPTLLLET NG
uni t oo e di Sc recording unit 03, on recefving a ﬁbglcal sector
nunber and | ogi cal ta,in units of sectors fromthe file systemuynit 102,
Fecor 188Phe Sk eluehtl Tne Ao n BARG e S| FoeATRS S B G
(each bl ock conposed of 16 sectors). If the logical data has |ess than 16
sect oPSS1tALNG & ARy WMek0210bheeadset hOURGB M ock, executes the
ECC process, then wites the ECC bl ock onto the disc. The disc reading unit
101, on receivinbna g calayseckectowsbewhantl taeenunder ufededot s daun
the file systemunit 102, reads data in units of ECC bl ocks, subjects the

r sad Qéb_@rﬁgnghéngtE% PheCB88ndhReckr BRI UBre NEEESSAr YTRBH M o Aat a
to the file 9 11 February 2003 systemunit. This is because by reading

Av da Ln j_t f 0, Kk osed. o 6 r
over neda® DYREERE ¢ el PECHAF SO BRRE, RO Rt RE e B RTRAE) he
file systemunit 102 includes an AV file systemunit 5 103 for mainly
writifig®an@d® 8319’?‘?#9 B RNEELCahd SEAHON G | Eh8ysPERFurRied 04 ororder
executing processes common to AV files and non-AV files. The file system
unit $62rteRgr &Eivitdip compendre FiBherNe LAV cdamse qulcbvell nogsawt only, the
data editing unit 120, and AV data reproducing unit 130 in relation to
witiagctorseadiary fox frd@esydimmadesatil es on the optical disc in units of
"sectors at the m ninmum Anong various types of file nanagenment functions
per f ormed by thengisgonysignrogl 8cl02he (ArcteeREE REcA¥Yddahder( Bhtde!Aid NY
AV data, (c) recording non-AV data, and (d) deleting non ~5 AV data are
expl ai pe C i (RVA] ecord a
From tho a5 a0 Sdor I Se Tt FUER0 B e BTk PR S chet SAnnd
103 ugdites t he AV bl ock managenent table by assigning an AV bl ock 20
writt &R-88® §F*Funassi gned) to the specified AV data. The AV file system
unit 103 then records the AV data into the assigned AV block via the disc
recording unit 1BbSOAf2ersheWn in FIGW\AR, i fhe dhnarmestoangh@ateErmert Av
bl ock managenent table by witing

peripheries, volume structure information is recorded to be used

15 to deal with the disc as a logical volume. The rest of the volume
area’. except the areas for recording the volume structure
information is called partition area. The partition area records
files. The logical block numbers (LBN: Logical Block Number) are
assignéd to sectors of the partition area in order starting from

20 the first sector.

FIG.4 shows a hierarchical relation between zone areas,
ECC blocks, and sectors. As shown in the drawing, each zone area
includes 224 ECC blocks (3584 sectors). However, the number of
sectors in a zone is not necessary be an integral multiple of 224,

25 or the number of ECC blocks. Therefore, the size of the last AV
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t he assigned AV block as "OL" (for AV block), and updates the 25 space bit
map by witing all the sectors included in the assigned 4Aq feb bhamry
2003 AV bl ock as "0" (assigned). FIG 19 shows the changes inetﬁgﬁiw’%$ock
managgRgRt. t; 'a??d}ﬂet ce,bi [ rdedy.L
Ieft-han% silzg of the iﬁa%m@ﬁgﬁgh%\%ggg%a\#&g%o?\étlﬂgé%c t%éﬁgtg ggt ghlér:gt IéeAV
bl ock_managenent table show ng _the, assi gnment status of the.AY blo n.
The r PTEHaRE SHREBHE He. B AR RoPEROHE S i de: WIS DaPeL BFPL o oo a4 bi
map corresponding to the sectors included in the AV block #n. As shown in
the dFRE nglleh@RrpRsest AV RAMt BesAy Blegdedmai habhe ahitlockhpe's the
managenent table,is changed from "00"(unassigned) to "O1l" (for AV data),

t he ssdkesesfofthellladte beocdr sinnelketedzdme f hasA\l bpack #nf amendwagedt
from"1" (unassigned) to "0" (assigned). Wth this arrangenent, each AV
block ;@es-m2ati dncl ude a m xture of AV data and non- AV data, and a
consecutive recording area is assigned to 15 . AV data as an AV bl ock. (b)
.Del eting AV Dat r i.¥ing 0 _ e dat.a _f the AV, data
cdi ting anit, 1200 16ne SpkH 8 10sF Rt 804t p EPEE - natR BRSO
managenent table by witi an AV bl ock recording,.the 20 specified AV data
as "Ogen@Eﬁa§§$§ﬁb§Powhe%%V £ACE &PSamthifi tL DGR Rdn th5d hée Rpace
bit map by witing all the sectors included in the current AV block as "1"
(unas$itgidedd moG 2bashodBN he chBhges-anotthe oAV Breck afdnad¥nept ockbl &5 and
the space bit map when AV data is deleted. As shown in 25 the draw ng,
when theprstsainiz=dbyt HheAvivnrbeok ¢ BAC thileod®s blnckudéd itltRebavarhl @OR3
managenment table is changed from"OL" (for AV data) to "00" (unassigned),
the staluseasef BN (e useckobws Rrtlaudet ioF the AW edetdy arrdanesd,
from"0" (assigned) to "1" (unassigned). (c) Recording Non-AV Data On
recei Wak1d, CQHR 0 . I - fil.0 e g/, editl

repr Odl?gr% n§'cont r(r#\shtniste %g,gd a,?iﬁe% Cégéﬁdﬁ?aﬁhlee@so%t gﬁ%&%{atqlﬁof Odceglﬂe%%]géte
unassi_gned sectors icQ are wjtten as "1" (unassigned) in the space bit
map and I ncttded® i PEhECRY BPYELE WHitten as "10" (for non-AV: in the

AV bl ock managenent )
As described above, the length of the last AV block is

set to a variable-length. This prevents each AV block from
15 including a zone boundary. With this,arfangement, it is possible
to use the recording area on the disc efficiently.

(1-1-2) File System Management Information (Part 1)

Here, the file system structure of DVD-RAM is described.

The file system of the present embodiment complies with

20 ISO/IEC13346. 1In addition, the file system manages the AV data in
units of AV blocks.

FIG.6 shows a sector management table and an AV block

management table. The sector management table is recorded in the

partition area of the volume area and is included in the file

25 system management information. The drawing also shows a
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to table,and -assigns the detected sectors to the specified non-AV data .
The common file systemunit 104 then records the non-AV dai gebmiagy 2003
assigned sectors via the disc recording unit 100. After this, the comon
file systemunit. |04 updates the ggace bi t p by witing the sectors

havi Kg FET TP hef St IRP dREEURSR 0 thes PR e@Feqhe?Sfot°hBre £8% i nd
unassi gned sectors which are witten as "1" (unassigned) in the space bit
map &HRNEERES el ube® $ACERAESAV bl ocks witten as "10" (for non-AV) in the
AV bl ock managenent table, the common file systemunit 104 assigns sectors
in an AV bl ock Ghett diras " yqdunassiynedihe o vheumpecifiead radnoWn AWn
data, updates the AV bl ock managenent table by changing the status of the
AV blrook, 3m, "10" (for non-AV), and updates the space bit map changi ng the
statuses of the sectors to "0" (assigned). (d) Deleting non-AV Data On

receiving a co d I ecorndi i t.hng/
rgproducing cog?gglSE%ngl8&%%%ﬂ§%§ﬁ#§§§ég+§W%%Qgsf?héggr&gﬁgggagg E&%?em
unit 104 updates the space bit p angi ng the statuses, of .all th

Sect G1S RE RO AGETRE o AR 14 et o REAVAdaET oL NS YEBESE o BBLE VoA R | s
found fromthe AV bl ock managenent table that one AV block is occupied by
the sEREHPE WnSRstaras Inclyigdnassigiredpabfiti®rabdveapr ocese, $AEtEEMDN
file systemunit 109 updates the AV bl ock managenent table by changing the
st at usamdgehenAVtbbdek falovw "d8Xlédon spachViddt ajapb 5BOWifgnadsse gdad)
The recording/ editing/ reproducing control unit 105 controls the entire

DVD resoi gigfierld. s e es SPeEi A€l doctdhei § oreeptael HAl tht0T b FOhgeas
di spl ay of gui dance which urges the user to operate, receives instructions

fipom ey USBfts! %aﬁtgi.ng $10e L A9 gﬂhgﬁnﬁ%nﬁg%lﬂr{eégtpcsUl?ﬁ%lé\':./sggiwtin 6 n@Nla tian

accordance wth the user 1nstructions, ata recordi ng unit

110, AV._data e%itin uni t. | 20 r ta,reproduci ng unit 1% to_execute ~

opera??%hgmgﬁg af‘stﬁ%llce% y%choér%ﬁghgﬁ\Xf gﬂ\?%‘at WR-tafs rcgdju%i %eanﬁeg o ng

of recorded AV data. The user IF unit 106 receives instructions for

oper AT®#S ¥ibh LBEsu8ér afida &he renmpte controller 6, and inforns the

recei ved user instructions to the recording/ editing/ Zo reproducing

control unit 10%s EHrewl idatthe edond] Agyen,t thel (' spacaldiia gwdp T ngolinimn

120, and AV data reproducing unit 130, on receiving a recording request

fromshewsonhethemi tealddb, sestde ainohudsd natedw yphetition area is

15 assigned or not-assigned. In this example, the assignment state
of edch sector is indicated by one bit. For example, each sector
for logical block numbers 0-79 is given bit "0" (indicating
"assigned") since these sectors have already been assigned as a
space bit map. Similarly, each sector for logical block numbers

20 0-84 is given bit "0" (assigned) since these sectors have already
been assigned as the AV block management block. As understood
from these examples, each bit in the space bit map is written as
"0" when a file or a part of a file is to be recorded or has been

recorded by the user or the application in the current sector,

25 otherwise written as "1."



achi eving respectively the recording, editing, and reproducing 25 requests
to the AV file systemunit 103. 47 11 February 2003 (1-2314kb
Executed by File system Unit 102 Followi ng are the commands supported by

the fil t t, 102, The fil t 102
commnds 1om 5 FHE AU BLPGKr shoVD: 5 GRFL CAB0 AoVAS & EOR 1Y (FRER1ZY

AV dat a reprodUC|ng unit 130, and the recording/ edltlng/ r epr oduci ng
cont r 1La@ tinoshearkp rohtbes @i |esthntaecdridancEow tereheAVedel 064,
commands. FI G 21 shows a |ist of commands supported by the file to

syst emhwtite A 02hé otukrenti &7 rBENGgeNE st uniBe igpedat (A0S, exestigaddytbhav
file systemunit 102 in response to the commands are descri bed bel ow.

CREATRz tgenei A € | O i a et Sahdentihf i caki,en
descr .'é& or. @Glj 5 DE %SE'EI'%%%'SI gtoerha&?-'e‘zlugJ ?%F)?n ?ﬁgljdl Slgg_,n r'E/ebgrééiﬁ s%gcspllc)al I y,kb?he

| s f f ks f
el ot PagTBRE, e PR ORENBL A8 i G et Oh PaliSraR 15 e PSR s
of sectors for del eting .a non-AV file. OPEN obtal a file |dent|f|cat|on
descr itht &P &Vadedss’) Zglé‘cfei e ddordeE o iR @llsrt?add_@@n A9¥eI8R%pENed

file. MRITE record a file onto the disc. Mre specifically, the command
assi giidier sPead g tamegs and (et &Vofblowt eranagsment Bladule Wokchoaxavbdaha,
and records data into the assigned 2s sectors. 4a 11 February 2003 READ:
read adr-zr fdotat hewdeaccebERKn mweblssk slea e dshowat bsarmsisdepia@dt onavhe
di sc. RENAME: change a file nane. MKDIR generate a new directory on the

di sc. 2V Rn re(Owe; %1@5@9&&&@%&{9 tey1dl SG1 ISTAERR 4 S8l 18- BRQEL &He
rcurrent state of the file system GET- ATTR obtain an attribute of a fil

SH- AL £P2B98c318 Al T bl 0L s 22545 HeRY 3& ORENEYpale T bi® map. This

makes it possible to prevent mixture of AV and non-AV data in each
AV block, and secures AV data consecutive recording areas.
FIG.7 shows relationships between the AV block
management table and the space bit map.
15 On the left-hand side of the figure, the AV block
management table is shown. The table includes an arrangement of
a plurality of pieces of two-bit data which each shows the
assignment status of AV block. In this example, the AV blocks
(AV_BLK in the dfawing) #0-42 are written as "10" (non-AV data);
20 the AV blocks #3-#75 are written as "01" (AV data); and the AV
blocks #76 and after are written as "00" (unassigned).
On the right-hand side of the figure, the space bit map
is shown. In this example, the assignment status of the sectors
included in the AV blocks #0, #3, and #79 is shown in the blocks

25 encircled by dotted lines. The AV block #0 has been assigned to
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AV-WRI TE: record an AV file onto the disc. Mre specifically, the command
recording areas in units of AV blocks, and records data iRQ{gebR@nAsGaNEd
AV bl ocks. MERGE: nmerge two AV files on the disc into data in the i5
.menory. SPLIT: split an AV file on the disc into two AV files. SHORTEN:
del et aommiscedsbay past a( areseddn partd obrasspendirng @extheldi she 2g9pace
REPLACE: replace a part of an AV file with data in the nenory. SEARCH

DI SCONitdefagst iwhetshehowms peeitl isedtsest hatringe bedes reabrihtridiarig data
boundary (zone boundary), return "TRUE" if it includes the discontinuous

poundary. 95 L% Baor ary SHUSTTE khotl e Be nitad Tor & Fnar SFomnda: ron
CommmRPTARY e A T "Bl < T v HoAae S SR b ng ORI £ 01 B ook i Hes

editing unit 5 120, and AV data reproducing unit 130 achi eves, processes
suth earechrdigngd & Ahglatend PSprodESIHG by U PRI HhPa¥F tt AR
above commands . (1-3) Recording/ Deleting Now, the operations of the DVD
recor déve Kpdce descmdped itto i shetai [thathe ldpaha isateare:axd Bl tannaal
Recordi ng of AV Data, (1-3-2) Programred Recording of AV Data, (1-3-3)
Del et iy’ ofa#¥4i aka) . (1TBedpVvReQed g DfhdNomdY Baka, adrsd ghkdB-ygt Del gki ng
of Non- AV Data. 1-3-1) Manual Recording of AV Data The manual recording is
a recqdi b At gl \3hay, d’f}F‘q‘ user S ha,s" d" &key'is ON
& kQQub.‘E‘TEgj[rF‘ F e Sgﬁdt}l set iélgfg ??lrreﬂ?%rgggg%ogjrlaﬂr?ﬁ%gbr'ec%?dilﬁg

the renote contr er a wth

and set,s two_or,.three_itens on._the screen,, For_exgml user

: pressessh?%% Hﬁ‘b?ﬁigu%:bgn Sgﬁ%? %t KE S é"er’tncetecr(l)n $0I er?gng%gg'\ﬁh%%”r—‘l G 22,
the display 12 displays a_ gui dance jmage 200 shown in Fgﬁ\ Zi under the
cOhtrol of the rédorthitigtdelPt NGRS e TRIVEPRG iR rBY BAPCX1EBNIFEREPRe

user presses "1" and "Sel ection” keys on the rempte controller while the
gui darvablennay2de ireatimtediyesl datahfogcriden, filgubsaker, 28 gy gbackor
setting recording conditions (in the present 50 , 11 February 2003
bit map is, or may be recorded as one file. 1In the latter case,
the AV block management table is managed as a non-AV data file.
In the present embodiment, the AV block management table

15 ‘has a table structure. However, it may have a list structure.

- (1-1-3) File System Management Information (Part 2)

FIG.8 shows information included in the file system
management information other than the sector management table and
the AV block management table shown in FIG.6. The drawing shows

20 hierarchically the volume area, sectors, and the contents of the
sectors. The arrows (D-@ show the order in which the storage
position of the file "Moviel.VOB" is detected in accordance with
the management information shown in the drawing.

The first layer of the drawing shows the volume area

25 shown in FIG.3D.
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exanple, the "recording tinme" and "recording quality") is displayed. For
setting the recording time, the user first noves the focusieabivag 2a03en
onto either "no limt" or "specify" by s operating the cursor button on the
renote controller 6, then presses "Sel ection" button. Here, if the user

sel ects "specify, Theheseeordn leyaTyeshrysa pardanse Finge fof Majagerret
user to input a tinme by operating the ten key buttons. After the user

speci f iafdrimettiore, stdle ser eerfirlet users testhépguirdarered i degerigptamd, fite
The "recording quality"” as a recording condition relates to the bit rate
and regeltiti onrRf dife YREG datiheard khand eedFPesatibhgkomplst andehdhe
and "tinme-ensuring."” The bit rate and resolution fox each quality type is
shown igh 1l G o} S e;ineﬁ'eﬁ’ I%Bf?g%%ﬁj%bl% .usefébéefff%issx@%elrd @éfiﬁ@% in
time énsuring” quality on e gui dance 1 mage 1, and then presses the
"Record". b on t he .qui dance i nage .202,. as, a_s | e_case of the al
rec%r di ﬁ&ﬁﬁﬂ%&%@r iaél%veogpéar gﬁ' CUENSTS h%eﬁgﬁg& MALEGEHHY- ¢ ongg%' 3
started. 20 FIG25A is a flowchart shomﬁn% t he manual recording process.
The pr &¢€¥s sBarkseparehhedlf iHRIWPENat HHE RS RRFYSSRYKH R e t'Reébrd"
button is sent to the recording/ editing/ repreoducing control unit 105 via
t he userandgeamurtt HGorDm tzibon extedwei nigh tHES rdt | fIoaFLGRY,t keradontreprasent
105 issues the CREATE 51 11 February 2003 command to the comon file
systemdaiidctldbi é S} eAnd58kctaBy1eBC el it drite £01EBNd, ThRe eyeditebeory
systemunit 104 returns the fil'e identification descriptor when it is

possi bl a f Lk i RSS, 4 h il | Z€wnli e f-hed

The mi i EEETED G InBegtoayl MEPRRE Brd (PR, SRS B ARELy eRe
us as,the re dj,ng tjine. Al.so, the i,ng{ _edi ting/  reproduci ng.

cogé r ols’ Eifﬂjr‘?i 1@{'slendstrr-5‘efi Ad TG i é?gﬁﬁrﬁ a éﬁ?&ﬁé‘te&r £ 3di %gtrleﬁg ?ﬁ&es
"time-ensuring” quality specified as the recordin condition to the AV

dat a ré@éﬁ’ﬂ}%g-\ﬁaﬁt "118907He2. ¥RB, Av anf a "MevEred ntPRinT t 11Bei FRRRALET e
MPEG encoder 2 to start encoding the video and audi o data of a

pr edet eimi owth thamnef FEEE veok téspoyds tthe theeeliveecBorndstranthiveri notiee
encoded MPEG data to the track buffer 3a. Wi le the above process, is
proceedingt therAVfips areeeendndg dwdd 3hBwiS drsisuesMbiree ORENBAONTERN tha s
the AV file systemunit 103 (step 251) to allowthe AV file systemunit 103
to stcwékgﬁﬁig[le identification descriptor given by the control unit 105
and information on the file entry into a work nenory (not illustrated) (the
i nformation stored,inh t.he r M. r r&ed: 1 o, “Eq" 4 CELLe
deégri ptor) . Thedrm cﬁalt a gec%rdggr?gg%?né% ?’g%&? slgéul\gsé?hleﬁAE}?%\R%% oggml‘r%ﬁ;g Yo

the AV file systemunit 103 every tine the track huffer 3a stores.a
pr edet e¥HPYiRd SHhoHAN o‘?fl\/laEGsﬁ%lFéruri‘tI?I WP Gl R ) en%ry SE%%tre root

directory is recorded. The end descriptor with LBN 81 shows the
end of a file set descriptor.
Each file entry (e.g., LBN 82, 584, or 3585) is recorded
20 for each file (including directory) and shows a storage position
of a file or a directory. File entries for files and directories
have the same format so that a hierarchical directory structure
can be constructed as one desires.
Each directory (e.g., LBN 83, or 585) shows a storage

25 position of a file entry for each file and each directory included
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stop command fromthe control unit 105 (steps 252 and 253). \Wen 25
receiving the stop command, the AV data recording unit 11q1i|%§|,[fa$%g803 11
February 2003 the. AV-WRI TE command (step 254), and issues the CLOSE
command (step 255) to end the present process. The AV-WRI TE command is

i ssuekh i 3 diepcenyto process the allocation descriptor of the |ast extent
to be held in the Fd. The CLOSE command is issued in 5 step 255 to wite

back the Fd in tihe wetikrgemeyerondp tha SOVEx &AL di Smebudesi lthree file
identification descriptor, a file entry or the |ike on the DVD RAM di sc.

de‘gﬁ%%ﬁ%}%@?gﬁ&'c{%% G g%ésl gxgﬁﬁ gf\?\l/c%rét S igév(ﬁs x%%kgh&élgggggggegrafroer med
by the AV fi t it 103 havi ived, the AV-\WRI TE d. .He
L oErptdned ERE: STRE AVSIRTYE TUIRAE & FS5ted THGHE RATTT EERRHT

unit 103 together with three paranmeters specified. The three paraneters
rdspet®i Wiy & ndFemaee ROl FOmes iy berdeisrnienctiby €hr DPENrasashmt as
descri bed above; the size of data to be recorded; and a buffer (in this
enbodhaeheér hbw thackilreffter Batxtanimm ihecdasarutiiedsd specified by the
paranmeter includes, as the file entry does, information of a storage

position of an edant MmNk adraiig) h igfclhiie extant .allhecdei 68 updated pv Y
time zo the AV-WRI TE command i s issued during the period between the

e HpRldeC 0 i1 He | BB EH1 oFOa4 e §§§en%_zora ad§?§ﬁ€§\\7\‘§2; PSR Und he

AV-WRI TE co n a Is additiona witten,

al ready;recorded data. As showy.in FlLG 2 the AV file systemunit 1

i hol dsg¥%eaofoﬂﬁ?eglfﬁfteﬁﬁnﬁn ivored %ng 8pELiHi%ed B %Ep%’?*éﬁ%%él’. %ﬁi I

53 11 February,K 2003 data of the specified size is conpletely recorded

(Ot ept2b8: eMBYY theldes @ ePLysabhtuin?f abboadtigRsA8reasPtPESt BOTIAAED one
sector by one sector, and records the data onto the disc. Mre

speci ¢xtahkty, wheow aexapehed fiile destrietls i withdde-Rlf r 8adyasdr edbf dedaat a

(when the AV-WRI TE command is issued once in a recording process): or when
an openedlufiel enenellldeatabheddycrepodvded gatia s tttea AVROIRE TEfcamesy i s

issued twice in a recording process) and the data is recorded to the end of

an AVfiles is divided into a plurality of extents. In contrast, the
file entry with LBN 3585 includes‘twolallocation descriptors,

15 ihdicating that the file is composed of two extents.

Each directory includes é file identification descriptor
showing, for each file and directory included in the current
directory, a storage position of the current file entry. As
indicated by the file entries and directories shown in this

20 figure, the storage position of the file "rocot/video/Moviel.VOB"
is traced in the order of: file set descriptor — @ — file entry
(root) — @ — directory (root) — ® — file entry (video) — @
— directory (video) — & — file entry (Moviel) —®@ — file
(extents #1 and #2 of Moviel.VOB).

25 FIG.10 shows the linkage between the file entries and
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bl ock (step 266: No), the AV file systemunit 103 detects an AV lo

bl ock.with status "00" (unassigned) by referring to the Ay i ngg enent
tabl e (step 267), changes the status to "Ol" (for AV data) (step 68 and
changes the statuses of all the sectors included in the AV bl ock front"l"

(unasgigeetdri@s "Pewt pscénedl) a66£9aR68) with Yhen cirepaned stlreduvintedes
al ready-recorded data and the data is not recorded to the end of an AV

bl Ockntsftﬁe M8 IYRP) tﬂ@e§3\¥ 1§se%§%§m k1,403 &&qveeeﬂéeﬁeﬁtle%@l@n

The AV fi system-unif 10 having a.size of one sector from

t he tr fer 3a,._an Qr e fetch ir cto

t he n% Crlégoéﬁedeﬁge&% Cl f%ra %e@?S?gg %I]'Svm r‘t%oa%da{]@h%e %tr‘ 2 t
on the DVD- RAM di sc (step 270) The AV file system unit iOSnth pdates

t he ctata‘ﬁt590tst%pt@¢1500frhﬂet%§/lﬂ4eas%%% EhFecE0sY; uddes s

sectors in which data was recorded nost recently are consecutive sectors z5
(St epa@2)filkhe" RVLER2| BASySt erAlsdt tDR® jWIRRS dhaecthayt vimGiudes] file
February 2003 sectors are not consecutive when the two sectors are not

physi cakhy iFaR3eGWn \ SUr Whedr & ZeBpebeundary fod St petsrendikeesacd Oy S.
The presence of a zone boundary between the sectors is judged by referrlng

to the basy; bl °‘f‘%% ngtﬁgotigt vBHOWN | 24EG SuyavBonyids 1S | ydged agy

negative in’step e ‘systemunit 103 all ows the aIIocatlon

descrh tor. qf d, as_one extent., ithe AV dat eq r \} block
i mredi 9¥F§%b¥E e the REir rEr T 28F bIRRIE F572p SF73)t %ﬁhenﬁl ed X
positive in step 272, control returns to s o Wen data of the
speC|@PEGC§PPeQKSQ£ﬁﬁﬂQﬁeﬂW'?%%o@ﬁ@@erfrggeEPl he recording of data

into sectors (step 265: Yes), the AV file systemunit 103 allows Fd to hold
t¥e al | ocati on d@k@rlb&oﬁhQWSthedbagnhadeﬁﬂtarﬁﬁﬁkﬁt@F@h@flﬁsﬂi#éﬁhﬁﬁ@d
sector (step 274) to end the "AV-WRI TE" process. i5 ~ . As described above,
on rehei ghognt he ANe\V\Brikiagpmehd, fille AMthiyl énsysties anidesHi3 msst ginsg,
areas to the specified AV data in units of AV bl ocks which are each a

consegghi e Ar eg PhcaPosh été%cr\t'ﬁébf hi sngthangeiifsi GACH £X1 Blte OXLEPL

the | ast extent, in each AV file i n which AV data has been recorded has at

I haut | 7 h , I
25! 239 R0 o VBl getsur e Uol ML SRLER (FPL OB B || i

sector is recorded ont.o the DVD- RAM di sc i.n
position, and represents a relative bit position.

15 The descriptor tag is a tag'that'ehows the current piece
of information is a file entry. DVD;RAM.includes a various types
of tags such as a file entry descriptor, a space bit map
descriptor, or the like. Each file entry includes a descriptor
tag written as "261" showing that the current piece of information

20 is a file entry.

The ICB tag shows attribute information related to the
current file entry.

The extension attribute is information showing a higher-
level attribute than the contents defined in the attribute

25 information field in the file entry.
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step 270. However, in reality, data is recorded onto the DVD- RAM di sc each
time the track buffer stores data equivalent to one ECC z 1gggﬁhﬁéééb3
sectors) in size. 55 11 February 2003 (1-3-2) Progranme ecor di ng of AV
Data The progranmed recording is a recording process perforned when the
user presses ththéReadldcadeoron dbeceepobe cafiebd| estwidds a ke fhany
programmed recording set. Here, it is presuned that the user selects

" Spegifiycadidn’ HeRRyERTWisNGs el e Al t@ges 204, tA8 &i3@TP! ergase
of the programmed recording. This allows the progranmed recording to be

or ocBeeoa thett e el BT 0bhe” AR LB R AR E ?ﬁég‘ééé%i s Eee

the "Record"” button is sent to the recording/ editin repr oduci ng control
uni t 0V @XFRBCuddr 3 FELhft OT0d T eEERF Vi ng Flife i $heuei he tfrta
control .unit 105 notifies the i5 common file systemunit 104 of the
shecistiratctire ofd theued dtdua tGREATEesoripdrt.0 t Hen sahve wdhrawing, (stiee
256). On receiving the = conmand, the conmon file systemunit 104 returns

t he tilledatendi fdestt Optoes dndifuele Eat it 1haipessiny eart oegteate 16@1&?’516;- I'n
this process, the file size is specified to be the nunber of AV 20 bl ocks

correspondi Mg, best B SREEI Fied- 44 1By mﬁeté,ﬁgrpkg‘%eg&égi@iéﬂ/ o8dizhy %q{t%% :

reproduci ng control unit 105 judges orresponding to
specified fi n be assi gned .based an ether_a.file identification
desc?%b%w£hg§ §§§1%%%?r( %%)éé%s)og ﬁggfﬁ?%a j P PRe SRRt
cannqQt be assigned, the ss 11 February 2003 control unit 105 ends the
. pr ogr &R B Hoe ppbeEsgehy tad 0 af i e X eeRBr YRFEEE4ST 1A%y FEidged
that the areas can be assigned, the control unit 105 sends a file
t¥entsibiowsy .imn BHecliCed tine, and a s pardmeter indicating the
"tinme-ensuring” quality specified as the recording condition to the AV date
recording unit FIG.1QA reae vipg thesgetypeslel shbdar nat idutaibhed A\l4gipsa
recording unit 110 issues the OPEN command (step 259) when it is the
specigfredthivee 30 tHeAlfi e GIHIIF i(EH 18R r2 HB)s c rhl: Sl S &l r X585 S8/ Of
file. These two types of the file identification descriptors have
the same format: each descriptor includes: management information,
15 identification information, directory name length, an address
Showing the address, represented by an LBN, of the file entry of
a directory or a file, information for extension, and directory
name. With such an arrangement, an address of a file entry

corresponding to a directory name or a file name is identified.

20 (1-1-4) Minimum Size of AV Block

Here, the size of the AV block shown in the lower part
of FIG.4 is described.

Each AV block except the last one in each zone 1is
composed of 224 ECC blocks, where each ECC block has about 7MB.

25 To ensure the uninterrupted reproduction of AV data, the minimum
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to the AV data recording unit 110 are al nost.the sanme as the steps 252-255
shown in FI G 25A: issuing the OPEN command to the AV fileqgyapgahysnds 103,
repeating to issue the AV-WRI TE command until it is the end tinme,” and

i ssuing the CLOSE command (steps 258-262). As described above, the

prog r e GOL.di a Lo t I n i d AV
Dl ocRePort g PThBd 2h7hkeerindl B FUTaNse T nETOUT Rt CREr O
a Note that the order of the steps 256 and 257 nmay be reversed. (1-3-3)
Del ef TR OGHCAY Bat?PPAL HdHH AV files and non-AV files are deleted by the
common file systemunit 104 when the DELETE command is issued. Wen

recei ving the DELETE3cehawad & onaiis bt @f abuéfeaingr dfe AY hdataminid i tle
systemunit 104 judges whether the certain file is an AV file or a non-AV
filetmpakefrarfifeng tthé hRvexbeasibwimf tdedffkemname ZsvwriAMt Hiskutley a
information. The comon file systemunit 104 57 11 February 2003 perforns

& ff ee@HoRIAGRTS SHr4#1es AV bl ock management table and the space bit
map. i n"accordance wth the above judgenent result. FIG 27 is a flowhart

showi ng the proges f leting, AV fi rf.or b e fi

system uni t 104£§5§H'%eu§§%§oﬁagitl stygﬁér%%?}ni%%%jé(u%%gsrw%g%e}ronénﬁ&t ent
shoub@ be deLgbgd by referring to the file entry of the specified AV file
(st ep VRIOYRMN hgt uaBEae&§e%b§?%iW%eiﬁCFhP§°§Fé6; t TS oRAOAFSE98E ¥t em
unit 104 updates the AV bl ock managenent table by changing the status of

t he A¥LS d6k thencteaparienide séerest iy dhet sragk’ bpfifer AVIFR ayenerybo”
(unassi gned) (step 241), updates the space bit map by changing the statuses
» of akha hHes seoitortso i tieé udedodert he IAV thlockr dwiong, 0" Viassrgped)sdroc$ 14n
(unassigned) (step 242), and deletes the extent fromfile entry (step 243).

Wen ithefe dfarirext eate t ombaifehetRd et e 24 Nedckt Bargemonrdtd eodb
systemunit 104 deletes the file identification descriptor and ends the AV

fil ti : d £ f
the v ne ehoveotrar SEHERE SRR SVOYE L BRae PRANE R, ARReE oo
to #14. The AV fjle #1 i d of .t t ent 20 fi #1- d
N . N DA e S
of FIL.G 28A shows that extents have been deleted fromthe AV file #1 of the
AV bITEc K s MegRl ¢ 1ViinERbpeBagRoNe YT ¥MAfyes in the AV bl ock managenent

tabl e and the space bit map corresponding to the deletion shown in
The lower part of FIG.1l3 is a graph showing the change

15 in the data amount of the track buﬁfer in this modél. In the
graph, the vertical axis represents fhe data amount of the track
buffer; the horizontal axis represents time.

The "T1" represents a timeliequired for reading out the
entire AV data recorded in the pseudo consecutive record #j. 1In

20 this period T1l, the data amount of the track buffer increases at
the rate of (Vin-Vout).

The "T2" (also referred to as a jump period) represents
the maximum time taken by the optical pickup for jumping from the
AV block #j to AV block #k (for example, it Jjumps from the

25 innermost circuit to the outermost circuit). The Jjump period
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Z5 FI G 28A. The left-hand side of FIG 28B shows the state before 5B 11
February 2003 del etion, and the right-hand side shows aftgfpgslghizgns |0
the AV bl ock managenent table, statuses of the AV bl ocks #11 and "#14 are
changed from "01" (for AV data) to "00" (unassigned) in accordance with the
pr oceddd st ien el £Ame f Hdes patd cailt PREKXURS atthtthest e alg¢appeed
sectors included in the AV bl ocks are changed from"0" (assigned) to "1"
(unassignethe rotshdohd dfe tiot eophical t Hasct e awestphiliekdRkl G R8Athdsnot
i ntended to show that the AV data included in the AV bl ocks #11 and #14 is
physi gad dyodier e} edhel Rateal dhdyunt hefAvhdattaack degffen tbcasadsvml 48 daka
by the AVio file systemunit' 103. ' (1-3-9) Recording of Non-AV Data

Fl G 294t oof | p9ebar tTARGWE 30 (hae AbRcass e rEeRIdangqnon-AV Tiles
perfornmed by the common |ﬁe systemunit 104. “The common file system unit

cobt rol uni i 108T0En g Eomen T8 & &yReRHt vt 1 STba PR sS it ¢ hEREYES

non- AV data, to be recorded (step 261). Having judged as positive in this

step, ¥ TohPohStFERreyenERdudst LidW kedt-ect s unassi gned sectors which are
witten as "1" zo (unassigned) in the space bit map and are included in the
AV bl ocks writtednaghel Perxifodr TRonAR\Wlaba 190teddnisemghked)tirackhbuffelnl. ock
managenent table (step 262). Wen the status of the AV bl ock including the

det ect@ill pech s SibspeRForfisanssimnetie HhefeonoBpatiity Sysicnesindt db@4ng
changes the status to "10" (for non 25 AV) (step 263), changes the statuses

of theyles eyt SECt @S LRAE¥Iow lécc%:\ﬁigé ugly 20@3 dcobess! angderd Orhi's

(unassigned) (step 269), and records e non-AV data into the detected

segt or 2 .The.common file systemunit 104.t hen, es_whet her two
saB orlRBE R ChRE PR RS AT ek b 9t fr oAt I Vet B bt
. Wien it is_ judged as potive in step 266, control returns to step 261,
when i§27%T¢%dged as negative, the comon file systemunit 104 records into
the file enty the allocation descriptor of the extent including the sector
i mredi at el y bef ofendhe tar resursedther sinpevogpted asgrotuatgiemmodathe
recordi ng process. (1-3-5) Deleting of Non-AV Data _

AV data (not to generate the underflow), the following formula

need be satisfied.
15 .<Formula 1> |
(storarge amount B) £ (read-out amount R)
The storarge amount B is the amount of data that has
been accumulated in the track buffer at the end of the period T1.
The read-out amount R is the total amount of data read during the
20 period T2.
The storarge amount B is calculated using the following
formula.

<Formula 2>

i

(storarge amount B) (period T1)*(Vin-Vout)

25 = (read out time of one AV block)
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On receiving the DELETE command specifying a certain file fromthe
recording/ editing/ reproducing control unit 105, and whe{ FBguaR/3gusn file
is non-AV file, the common file systemunit 104 perfornms the del étion
process as follows. i5 FIG30 is a flowhart show ng the process. of

del eting non-AV files performed by theVien¥ewtiile systemunit 104. The
common file systemunit 104 judges whet her an extent should be del eted by
referring to the file entry of the(speaslbétrdsher- AYVHIN)e (Wrepva@idt). Havi ng
judged as positive in this step, Zo the conmon file systemunit 109 updates

the, space bit maphy hanglng 40t Qi“:'?@scé’ic@ﬂ&tééeu§§ﬁgotﬁei F1URE A

the extent from"0" (assigned) to "1" (unassigned) (step 272). The common

file systemunit_ 109 then judge eth th u 0 t tor

ol udbaE RN AV bt BcRomRidReca EaRr Bhe i< EhBh JiRethsRibe 13 ML,
to the AV bl ock managenent table 60 11 February 2003 (step 273) . Wen it
i s 5 udyedusoli-n ERECRCSD 1t HANL PRt f FRE8Ssystem unit 104 updates the AV

bl ock managenent table by changing the status of the AV block from"10"
(for neReAmMudat 8> to "00" (unassigned) (step 274). The comon file system
unit 104 deletes 5 the allocation descriptor of the extent fromthe file
entry (step 275), (dded-oetushsuhe shep ZPkyviMen it is judged that there is
no extent to be deleted, the non-AV file deletion process ends. FIG 31A
shows del eted non-AV files. The upper parta9f rule A P& S8QWS Y Aglo AV

bl ock #11 includes non-AV files #3 and to #4. Each of the non-AV files #3
and #4 includes only one extent. The |g r5%%rugqaé%(i3lA shows that the
extent has been del eted from the non-AV fiP& 3. 31B shows the changes
in the AV bl ock managenent table and the ﬁpac%ﬁggl map corresponding to the
del%tion shown in i5 FI'G 31A. The | ef t Thand "§9FE %5 FI G 31B shows the state
before deletion, and the right-hand side shows after deletion. In the AV

bl ock managenent table, the status of.thd -AWM®Hl ock #11 remains to be "10"
(for non-AV data) in accordance with the procedure shown in FIG 30 since
file #4 remains i Repbhachheckhotdm diwespactethiet F2omely It acspestdfvely bhe
sectors included in the extent of AV block #11 are changed from"0"

(assi gpeehuliay "2l addinesshgngdl. ghveshow drke moteslyiegerdbhatiibhe | over part
of FIG 31A is not intended to show that the non-AV data included in the
file #3d 3 Rhysigally deleted. In reality,  .the non-AV data is dealt with as

15 (L/Vin)* (Vin-Vout) = Tj*Vout -
From the Formula 4, it is derived that the AV block size
L should satisfy the following formula.

<Formula 5>

v

L Ty*Vin*Vout/ (Vin-Vout)

1Y

20 1.5sec*11Mbps*8Mbps/ (11Mbps-8Mbps)

Y

44 megabits

\Y

5.5MB
From the above consideration, it is found that when AV
data is recorded in a consecutive sectors of 5.5MB in one AV

25 block, uninterrupted reproduction is secured even if a jump occurs
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z5 invalid data by the AV file systemunit 103. si 11 February 2003 As
apparent fromthe above description, the DVD-RAM of the p{eggpfuaRiissY ment

i ncludes the space bit map and the AV bl ock nanagenent table as a part of
the file system managenent information. This construction ensures

uni ntegtwperd Aepbddwdis.on dfhé\Vrdatiangi neé zeoneEc AV v lacdastar eeassingned
inunits of AV blocks. In the DVD-RAM of the present enbodi nent, when an AV

bl ockurisneestgpeddt eepYoditicridrhe StRisges ofnathet Ip&ewiwranbmhmée& in
the AV bl ock are changed to "assigned" in the space to bit map. -Wth such

a managemeit piRIdI0G 1 LY el i fethe DYDoRAM ofrf Nig Péeﬁ@&tau's%vea”tzh&’f‘ghﬁ is

accessed by a conventional file system which supports only the spac

map, { r ens are. prevent ed sect

"ol i R b e L PHE B R Pt fe B R R L EEE28E 3&@% to
AV data are used and | ost. _ Concer ning the sect ors |ncI uded in AV bl ocks
adsi ghklie' IpEnALREHat a, RéAPy (the %&CE?? RuBferneapacids ShHPWhdchaya a
has actually been recorded are shown as "assigned" in the space bit nap.
That 1s5MB s3tiythdi ffiadewm froomrdeemasan obpctheravcel odk sinde rftisdyned to AV
data, the statuses of the sectors in which data has not been recorded are
not showp-ap EAssregn8dstiem t he space bit map. Wth the above construction,
non- AV data can be recorded into an AV bl ock when there are unassi gned

areas in it evenpid. ﬁ%;%ﬁ%@%o&&%ggi%ﬁdgfbgngSZl@@&Igﬂ@gl,g@iﬁ

ki nd of non-AV dat a. ruary 2003 is enables the use ef ?I CI ency

of th e ved_ev en i.f. the | udes th cks
for A gg%éian%%% %I o?:’k dlfr%qrpngﬁpﬁe acttlonl n gﬁégglgg\%e cgejfrbg % ?Xs %DVD
recorder éo is, as shown in FIG 19, constructed based on the prem se that
i i seHRRdineny - ‘repl acenent for a VIR used at home. Not linited to the
construction, when the DVD-RAM disc is to be used as a recording nmedi um for
conput ers, the fEhe owsigteonstincindes ame posptbtal Tidhtsd s receagindre

di sc access unit 3 is connected, as a DVD-RAM 10 drive apparatus,to a
conputeprbdacrianarpdaralhedl ®CBh186 kBEerred to as DVD recorder 10),

a remote controller 6 used for operating fhe bVD recorder 10, a
DVD recorder display 12 connected to the DVD recorder 10, and a
15 receiver 9.

After the DVD-RAM disc is loaded, the DVD recorder 10
compresses the video/audio data which is included in the analog
broadcasting waves which is received through the receiver 9,
records the compressed data, with the AV block as the minimum

20 unit, into the DVD-RAM disc, expands the compressed video/audio
data, and outputs the expanded video/audio signals onto a display
12. |

(1-2-2) Bardware Structure of DVD Recorder 10

FIG.15 is a block diagram showing the hardware structure

25 of the DVD recorder 10.
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Al so, the conponents other than the disc access unit 3 shown in FIG 15 are
achi eved or operated when the OS and the application progtlafebnanc2@sut ed
on the conputer hardware. In this case, the disc recording unit 100, disc

reading unit 10 fil t i1nl h{ ev

appl i cations fogr en?gr?c#ﬁ% tﬁ% e%gﬁ 19%&#1%0 i ggr?glto lt h}eh% Y gﬂ %fPEG

ot her co onents of.her than these e mainly. achieye S functlons of the
appHQQﬁ? ST . 'W[ﬁ %ﬁn?ceﬁﬁ?\ﬁﬂ¥53é dﬂhﬁﬁﬂﬁé %??e 'b§ VHESR 5¢ WAk em
unit 102 are equivalent to service comuands, such as a systemcall 20
CONMEIRRCSI DR dednid t he appiedwticonsontnolherabbye nbedi nent 2 t WeTHHEes
are used to indicate the assignnent status of each piece of AV data in the
AV blomkt nehbgeneibynaablrecelioienuerynihes nuaber aokebietisrerayd be i ncreased so
that other kinds of attribute information can be added. 25 FI G 32 shows the

second ConStrUCt'I‘h‘énc%%'fB'leu‘?lfltt he iA¥163es élcﬁgl?rauaé)’p%gg%s@d}dbus 1h,
managenent table. The AV bl ock managenent tabl e includes an arrangenent of

a plwaljty £t yte a eagh s t

IﬂfO%%BFP%ﬂ%ﬁK#%f%??bEFé wg%%r%a %% ﬁgﬁgﬁ%pgg “f our %?%t %plece
of two-byte data are used for representln t he assi nt status of the AV
bl ocl&x%éuﬁ%icral FFPINRR hEtRr&sentn ehlb%df“gréﬁ‘t TERF r P $PRETPepridient

t he nunber of effective ECC bl ocks in the correspondlng AV bl ock. For
exam#Rtirfe BPYPstrenopderk 10climestopns ("ED' 1erpesbRigei naePHOCMdiorg,
effective ECC | a bl ocks; and-the sixth AV bl ock includes 223 ("DF" in
hexadedi tmhhgpoteatd .on) Ee@bedbjl\l.fy,ECBu@I ecksroAs wdeisicr Lbedralymles thet VAV
bl ock managenent table shown in FIG 32, the nunber of effective ECC bl ocks

fior eagBoANek! ogk isxdacpes. Wil meﬂieerfpieefsf divewhea bhocksabgi rtgsthe
i5 total nunmber of ECC bl ocks included in each: AV bl ock fror~n which t

nunbe o] lﬁﬁﬁl addr S file
syste%?géfggésghcgﬁgdthot g?%@ hggngﬁ Eh?&uh% |veq§%§gzl EEQ%the
file systemunit woul d be required to rf rman a ror Gess
when recording dat %’?Er?cc?rictocjfor qzs ;%a(?qf/c‘jﬂluéii 02
to recogni ze the anount of data that can be recorded into each AV bIock
wi t holi® 1RELnAeEr Hat FbR. apetegdPrgacsastidnay Wk TRESGERENEDERBIGR dHiswn

in the drawing, the file systemunit 102 is relieved fromthe conplicated
addr esgceiver Pr ecdsygemeEosssas yanhgREGasaream2s recor ded.

15 The disc access unit 3, having a track buffer 3a, under
the control of the control unit 1, records the MPEG stream
received from the MPEG encoder 2 into the DVD-RAM disc via the
track buffer 3a, reads out the MPEG stream from the DVD-RAM disc,
and outputs the read MPEG stream to the MPEG decoder 4 wvia the

20 track buffer 3a.

The MPEG decoder 4 expands the compressed MPEG stream
which is read out by the disc access unit 3, and outputs the
expanded video data and audio signals.

The video signal processing unit 5 converts the video

25 data output from the MPEG decoder 4 into video signals for the
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s4 11 February 2003 Note that it is also possible to have anot her
information which indicates the ECC bl ocks or sectors in ynrFghruapdsEsss
errors occur and to allowthe AV file systemto use the informati'on. 5 It
is also ssiﬁ%e to reduce the anount of process perfornmed by the file

syst ?éﬁg%i *the nost significant bit as a flag indicating "variable

| ength" or "not-variable Iength" and by using the value indicating the size
of the AV bl ock The Zermerfeec@inierobler dhpahhB8ACERY INGBENSE oh. TTRRS vies
possi bl e when io the probability of the occurrence of address errors is
very rameadaoriero Bl emwsdighdl $ herdv thecksmate cecbgolred ésahdvingcards xed
| ength. FI G 33 shows the third construction exanple of the AV bl ock

Menagei@néoh 8Bbe. uh®t 1 ofThGIAY b acks FROROERBNLskabha o nelstdascead.
arrangenent of a~.plurality of pieces of four-bit data which each shows the

agsi gnment i nf or AL QM dcoaééerf%e'%,”faoé ”ﬁ{dvﬂ{‘-'ﬁhﬁéoﬁf‘[ L85 &€ QIS O
each piece of four-bit data are used-Yor representing the assSignnent” st atus
of the AV bl ocks as described in the present Zo enbodi nent. Wen the _nopst

Si gniTAE&A OB (tHS PISTY3F S EORS! ditr 66 (SR 3 var FABLESIRh BPE) o M b ¢
indicates that the current AV block has a variable | ength, when the bit is
"0," epedbft hadecat ¥ota ¥indeted ehgt hheHepas tket ian AWRBckh@aBVR-RAMKd

l ength, it indicates that the AV bl ock includes 224 effective ECC 25 bl ocks
W t hodit saddressoernsor ased@ heswserethbedAYgbl medihams 20165 combh teaty uarthe2003
vari abl e I ength. An AV bl ocks has a variable | ength when the AV bl ock

i ncl uges1anikEC Urokrieyi Bs a8 radHRSS I OF BhavheRr tthe W bl eBk s dde
. last AV bl ock "adj acent to a zone boundary. The bl ock I ength of a variable

%E'ﬁﬁéﬁ%gs? QU Gedi Ln e oAl | bk e G-l BEOGE L ep the

e of t raw ng. e, replacrng the“last ock-Tength
tabl e_sho in FI G 5, includes or vari e AV bl oc a_bl ock nunber
and CREPRURGEr DGE SRPectt Vi FRd bRBc RS TabTe Mol | R driy REMBOREHES Av
bl ock managenent table, AV blocks with the to variable-length .bit are
repr e8EREEATBNLERESARPEN 2SEEAE MPAEs 3 FHOYHUABerE Y - B9 faEei dePECTesl ks

for each of these variable length AV bl ocks is recorded in the
var i abperbérgt whavt HhockOS and the application program are executed on

the computer hardware.

15 L - FIG.16 is a block diagram showing the construction of
the MPEG encoder 2. As shown in the drawing, the MPEG encoder 2
includes a video encoder 2a, a video buffer 2b for storing the
output of the video encoder, an audié-encoder 2c, an audio buffer
2d for stor;ng the output of the audio encoder, a system encoder

20 2e for multiplexing the encoded video data and audio data
respectively stored in the video buffer 2b and the audio buffer
2d, an STC (System Time Clock) unit 2f for generating sync clock
signals for the encoder 2, and an encoder control unit 2g for
controlling and managing these units.

25 The encoder control unit 2g sends information such as
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table. wth such an arrangenent in which the variable-length AV bl ock table
i ncl udes, for each variable AV bl ock, a block nunber is andrétirearyoodr of
effective ECC blocks, .it is possible for the file systemto refer to the
vari -Eﬁgﬁ k_tabl i ng. AV . r [ t he
AV b?‘gﬂégs Wt hjf{llg\%/i‘:lg%?gofle%&cﬁ ﬁ%ggf‘%% it ﬁ%l %f%‘éﬁyggﬁaggnnee{\}fgﬁgggg% so,

the third construction exa e, conpared wt he second construction . zo
et £ do ShOHR aa EXGOTES e A EPBeIE mUPH D ericht SEAEREE Shehny e

physical size of each AV block is set as variable-length, it is possible to
per f ofAEPHRNFRppHAGeof thReGOBcLESrmAtivhe IACIIdRsk sthe tanbedi PE ®Aals by
recordi ng the sizes of all the AV blocks in the variable-l1ength AV bl ock

t abl einz6het VOBUf antthehepassbblreofoppekisorim tthe nms ol epithersedtorshand
66 11 February 2003 the AV blocks without difficulty by recording the

Stsar tyget or Thienhalokd Mk fMHDE me ZONErBYTRRL Ik dnif )V PloLk pRBRGENENT
tabl e, instead of recording the physical sizes of AV blocks in the

vari abl,es t V C . Fl S t f thsCoO ugtl
exarrpll?{e]—-g%* %?ﬁe%@ bﬁo%k&%%%gné%%%ggl)eg%g 5}%’ b&(%kf?rhnggéfr}e%t%k@gbq &

i ncl udes agn_arrange t of a plurali of, piieces of two-byte data which
cach CoRPBeBERA e Cna Ry bRGERTCRREN Y dCb T HREBOTE GPCEROREAr O] he
number of io files recorded in the AV block, as well as the-assignnment

st at uSOPTHa fippeat four infisases d3ed TwrberppEs SHOTRY I S AESNGANEM Brat us
of the AV bl ocks as described in the present enbodi nent. The lower 12 bits
i ndi cHOBUt hadntthkehuabeld lofs sekdeoes s imdbrtof firsesi+pi80akeatind hehe
»maxi mum Therefore, it is possible to record 4095 files in one AV bl ock.

Hey e, yvbae | ower 12 bits are referred to as a counter. Each counter
corresponds to one AV block. It nmay happen that one file is divided and

ded i lwral ity .of AV bl ocks, jle is AV ] L
ngf’;}gea o gepsﬁgg.g?y s aﬁ){slt#]&? élxgggmt 8 il | En & céhé%r%‘&?cro?x I

€ area”20 assign t even 1n case o
non- AY. fi ener al having a small ,size. In this ca E count e
regar&geaﬂiﬁh qc%§¥#lg'regﬁrag8wpanh§ 4%?%9%§'oﬁﬁéf& g? F OdéFt%
say, whether the AV file includes a whole file or _a part of a file, each
case racladsgizcieraelbhplerps By fhe Sgomddmg AIRBG fRER2EST LPES IH&Q ded
and 25 recorded in a plurality of extents'in .one AV block, the file is 67
streams and audio streams, a video buffer 4b for temporarily
15 storing the divided video streams, a video decoder 4c for decoding
the video streams stored in the video buffer 4b, an audio buffer
4d for temporarily storing the divided audio streams, an audio
decoder 4e for decoding the audio streams stored in the audio
buffer 4d, an STC (System Time Clock) unit 4f for generating sync
20 clock signals, an adder 4g for adding offset values to the sync
clock signals, and selectors 4h-43j for selecting either a sync
clock signal or a sync clock signal added with an offset value and
supplying the selected signal to the demultiplexor 4a, audio

decoder 4e, and video decoder 4c, respectively.

25 It should be noted here that the MPEG decoder 4 shown



11. February 2003 regarded as one file. The use of such ~a counter provides
two nerits to the managenent of the AV blocks. The first $¢p55nk§,jm@§ it
beconmes easier to judge whether to rel ease AV bl ocks for non-AV data. In
t he prese enbodi ent, the file systemunit 102 rel eases an,AV_bl oc
unassianeglt’ﬁlh TSR r MG BY rcecf’é%r’f‘?f@tT% (€ sFA0E PP n%ﬁdjt’ﬂﬁfyallgpgﬁe
sectors included in the AV block are unassigned. As understood fromthis,
in théesesdssrit eRbadii@nt the ospéreiossarfinVED| ddk, aRfle asisede HUt aRd Nst
referred to. However, when the AV.io bl ock~managenent ~t abl e i ncl udes
count enslasieshown in FIG 34, it is possible to release an AV bl ock for
non- AV data when the counter is "0." This elimnates the necessity for

referriing 10 the SPase @iécﬁaﬁiagkahs needl ess to say that the space bit
map shou € up i is deleted fromany sectors. is The
second nerit is t .iot hecones easigr for lur al i fi t o coexLst
iﬁgone AV bl ock ?gg'k§ dgf%. The ?%?ﬁ%o%oe??ggk ind%%%%%é asé%@gj} mgﬁgh
one AV file is divided 1 into a plurality of AV files by editing not that
an AVSASERUSHRTe Pt &g DVP plesQEder Wil dRshfdt PRr TAF FUPCHaR s 9kalhe

been 20 recorded. In this case, it is possible by using the counter to
det ectcomponRTEsenceEath afphatabnt phoWnALf ithes fhouneAVsblagdid ewrt tafter
rel ease an AV bl ock when the counter is "0." In reality, it is enough to
t ake ititeo CGRIxduntira Was corterel tumiif il escemexestthe pmegAdmbliockthé nmihhs
case, it is 25 enough to set a flag, instead of a counter, indicating

" coeXinelio BB 1d 1o FEbELALY 20@3nakaiA%k GRRNStis thgthis case, the file
systemunit 102 may refer to the space bit nap to determ ne whether to

rej ease an AV bl qgk nQn- , rj kAt re
eg%odinent, and %%ység grgﬁbeﬁﬁg%kgoééﬁéten "£$$g65?5'g§tgﬁﬁﬁ§§ %%ﬁe?fto
reIeaseé? an AV bl ock for,Av(ﬂ ta.41 is al sp possi Ig for tgg fourth
const Aucti®n 9 Pl YWY ArSS &8 BPE Laeddri Bed 3 1F t TS ERM d
construction exanple. Furthernore, it will also be possible for the AV
bl ock Uiehagth@nt at asceondbilemdi eddhargy raEreddaing sFeptsplavitockOPf eo
the size of the data for each AV block is increased to, three bytes

user IF unit 106, an AV data recording unit 110, an AV data

editing unit 120, and an AV data reproducing unit 130.
15 .- ) The disc recording unit 100, on receiving a logical
- sector number and logical data in units of sectors from the file
system unit 102, records the received logical data onto the disc
in units of ECC blocks (each block composed of 16 sectors). If
the logical data has less than 16 sectors, the disc recording unit
20 100 reads the ECC block, executes the ECC process, then writes the

ECC block onto the disc.

The disc reading unit 101, on receiving a logical sector
number and the number of sectors from the file system unit 102,
reads data in units of ECC blocks, subjects the read data to the

25 ECC process, the transfers only necessary sector data to the file
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or nore. FIG 35 shows the fifth construction exanple of the AV bl ock
management table. In the present embodinent, the |ast AV hhgekridly 2eedh 15
.zone has a variable length so as not a zone boundary is within one AV

bl ock.~. In the fifth construction exa ck has_a.fixed_| ggth

l e, each AV blo
ot "aboaV SHEE SkF av HORKsS P RCARFANGYd HePeTEn & LA EE of Bt KB T
order. In this case, like the AV bl ocks represented by slant lines in

FI G 35P1legks Agasihodidornycompadd 28 36zéestsdmoargverhead iapsesdwtedto
secure the uninterrupted reproduction for the AV bl ocks including a zone
boundafisTher efher esand wisth etfue r édstoreepageé nighenind drGtat i on i ndi cati ng
whet her each AV bl ock includes a zone boundary. For this purpose, the fifth

construction exanphe £11OVSydHien A Dt ordo NBRAGRIEBN P A 3l1e (0, deve énifag
i ndi cati ng whet her each AV bl ock includes a 69 11 February 2003 zone

boundeysa T, AL ogk AGETL gl alowy | 3 L6 SRl VISRl eyt

to one AV bl ock. . Th pper one bit indicates s whether the correspondi ng AV
bl ock FH@ItL?&ésu%lEoﬁ@ﬂboﬁ.ﬂﬂa‘?’ﬁ?c?ﬁénﬂowqws&s bEPRTPR Ot { fales and
assignnent status of the AV block. In this case, the file systemunit 102
assi gn8ofhPee Ebhsecut iTe AL beoslys beosnEenl 82  APb| xR Hev N g GPmRaRds
boundary to one AV file, and does not assign one AV bl ock having a zone
boundafyotro th® aWedAYaf reeordinly tihiit arlOangemeatta ediitdngossiill €12®, easdr e
the uninterrupted reproduction even if an AV file is recorded into the AV

bl ock havidwra zepeoclewis’y Yand¥en3sit iirs PEESHIBA thaty Ol Ind10BrAY-ddd sy
can be recorded in the AV bl ocks including a zone boundary, the same i5

nuyger £Qf AV S ¢k n for b ari es,dhat ks | ocks
shoul df%elé%r'egg%g%&?%r f%?%n%nr}}-)i{p,?f?ﬁ)égeg*hggt@%t ar ?a{%)la{;?t?ltofsa:&ht?éz% %
bl ocks §£punts to 164MB. That neans, the i ' capacity of the area in which
AV filgs c A &P ocorded reduces. As a result, it is desirable for the file
systemunit 102 to Zo manage the above-described three consecutive AV

bl ocks together fBPOBgchVASHEWourddrss 19 stalo PerapBMENfor HRE i ons

bl ock managenent table shown in FTG 6 to include a discontinuous flag which
i ndi capes forated fny AVieblfodles sheftomme wanid: af@2y 6&ayonecbodndgr pVadatreot  (b)

deleting AV data, (c¢) recording non-AV data, and (d) deleting non-
15 AV data are explained.
(a) Recording AV Data
On receiving a command tq record AV data from the AV
data recording unit 110 or the like, the AV file system unit 103
updates the AV block management table by assigning an AV block
20 written as "00" (unassigned) to the specified AV data. The AV
file system unit 103 then records the AV data into the assigned AV
block via the disc recording unit.iOO. After this, the AV file
system unit 103 updates the AV block management table by writing
the assigned AV block as "01" (for AV block), and updates the

25  space bit map by writing all the sectors included in the assigned
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2s consecutive. Wth this arrangenent, it will be easier for the ~o . 11
February 2003 file systemunit 102, when assigning two COR§@eBRiaKE2

bl ocks, to judge whether the two consecutive AV bl ocks have a zone boundary
in between since the unit 102 can obtain the information by referring to

t he A¥VbbdeEkr@fagéhentagssbyeediten a set of AV blocks for non-AV data is
reserved in advance, with the set having a predeterm ned size, the m xed
presence of the AWGbLBckshdws AWedattmrageb non- Ahelaly il prlevearedyedans
makes it easier to assign consecutive areas to AV data. to Wen a disc

havi ngabaen aMd tiren dpace ¥Wefnbke GHshennm farel iompetdébiiedw th discs
havi ng been witten by another type of file system and when the disc is

accessed only by e il Y, Bt i i . i d"
fho statuses of 'The seatorsn B SHEE o5y the, SRS oni ! BaRSe 25F 420

not the is statuses qf'all the_sectors included in A |.ocks .whose st atuses
Tt Wi iRe 4R Ao Gne - B BLikkes RenAGEnaTt | AR S M as Ll Ened
areas in the AV blocks. In the present enbodi ment, the statuses of all the

sect o2$ Sigameddd Statay AL BIRgc IR drlonk dgta afkewrighenhasd2gides e fnkhe”
However, only the statuses of the sectors in which AV data has actually
been dewovided sowsbehanige erf as Padsighdthe Jhacenbkésmap eagirerspondmrngge
t he unassigned areas in the AV bl ocks though conpatibility between discs

havi ng deghe Weleldt®t PYih8BudYdf iilre it am aptoarotirer t yge sHodn! e rsyghem
is sonewhat z5 lost. m 11 February 2003 (2) Enbodinment 2 ' Now, the

opt i C@raﬁufﬁ’gfin%hggxgcﬁl?%gd%aé?gi%;:ogcﬁ{éﬁ RY/ K EPE LU nQnaRﬁ‘gél' ?NJ’S B;ock

" Enbodi nent 2 are tical D sc Enbodi nent 2 fers from

Enpodi nent 1 in that, (1) pseudo consecyiiMe records. instead,of,the AV

bl ock PRGNS g%gr’&et’olsA\?%@ﬂgaecfopﬁ? r ecor detia S HE: 12 (fo){seu gor RV
consecutive record assignnent managenent information_is used instead of the
AV bl S8 &anddemsiatuns % o frifel Ii e et § BHnGHFTD) 1R st ripbeakbanow

to in detail.
are changed from "1" (unassigned) to "O" (assigned). With this

arrangement, each AV block does not include a mixture of AV data
and non-AV data, and a consecutive recording area is assigned to
15 .AV data as an AV block.
- (b) Deleting AV Data
On receiving a command to delete AV data from the AV
data editing unit 120, the AV file system unit 103 updates the AV
block management table by writing an AV block recording the
20 specified AV data as "00" (unassigned). The AV file system unit
103 then updates the space bit map by writing all the sectors
included in the current AV block as "1" (unassigned).
FIG.20 shows the changes in the AV block management
table and the space bit map when AV data is deleted. As shown in

25 the drawing, when the status of the AV block #n in the AV block
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~an area recor

Wth regard to the above difference (1), in Enbodinent 1, the entire data
recording area is alnost fixedly divided into AV bl ocks ea¢lrentdny podd xed

| ength in advance whether AV data has been recorded or not in the area. In
contrast, in Enbodiment 2, i5 AV blocks are not used. Instead, areas called
pseudBAFRBRRE Vi 0dgs ahenggdarfinadt | y0adssi fRhed AYH ARk atackO
pseudo consecutive record having a size greater than the fixed | ength
descriveaksigikeadbdi nkat stat\sels odgalid tthe heecatbove dinffladettelf2fhel AV
Enbodi ment 20 1, one AV bl ock managenent table is used to nmanage the

assi Huee Hhahes ehanbbkdt BR oAV "biroCks silghadntEast1"i nukakedigread) 2, the
pseudo consecutive record assignment nmanagenent information for nanagi ng

t he pseu ti,ve_recard_is recorded on the disc for each AV file. 25
Accorgﬁn§%?%9€$§§§Igéga%g @Fﬁfkused in Enbodinent 1 also 72 11 February

2003 apply to the optical,disc of Enbodinent 2. FIG 4 n al,.so pbe applied
L8 Enonni et 2 By R R 1S T ReCATTBRGID. Hsornd | TORRBOG iR, SEORhENS: her

characteristics are the same as Enbodinent 1: the partition region is

di vi deero¥diong/ pedibing) weprotech@asontrahduprdsdilf§ atdewsemmgnofida a
are perfornmed in units of ECC bl ocks (each having 16 sectors). Al so,

al t haugdht éinenAY tmariag edeetrd ct sbl:rasbagneidn skeldEdd- s swnbthusee v Eobedi msnt
2, the sector managenent table (space bit nmap) is used as well. 2-1-1)

Pseudoy ‘Cofggs ki ¥ReBCand tne EatdtAbit | Rap NahheapReeserdl Jad@di Aefhel v
conposed of one Or nore pseudo consecutive records to ensure the

I S R R R A A e o S

ata or t in the area,

ta be whol e or, partjal, .has ize greater than a_ib5 ..size_that.
gﬁsuf£§g56005§9nﬁﬁ 12p gﬁué??Sﬁ%einfq. L e0i & 80&&%&&?%%& noA A
consecutive sectors or ECC bl ocks. However, the skipping by the ECC bl ock
ski p $@thed & ouPmBaNi Aller SR ebndREht iLPé Jdegr E€6PTESC BrocRON-AV
According to the ECC bl ock skip nethod, when a defective 20 sector which

causedaba addressherassignetdheekithes sidettdee edischeepos diingkunatl ddithg

the defective sector is skipped and data is witten into the next ECC

bl ockafdétstneshodhkscommensdilabkgstem thetcandeaddatees ephedspticen kaft AV

data than the linear replacement nethod in which when a simlar defect

Sect OfahSp$SuwleteakeHEned8bRLbEsWhALLIEE BEB MY dhanveahiaermnty v ea

15 (assigned). When not able to find unassigned sectors which are
written as "1" (unassigned) in the sbace bit map and are included
in the AV blocks written as "10" (for non-AV) in the AV block
management table, the common file system unit 104 assigns sectors
in an AV block written as "00" (unassigned) to the specified non-

20 AV data, updates the AV block management table by changing the
status of the AV block to "10" (for non-AV), and updates the space
bit map changing the statuses of the sectors to "0" (assigned).

(d) Deleting non-AV Data

On receiving a command to delete non-AV data from the

25 recording/ editing/ reproducing control unit 105, the common file
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73 11 February 2003 having been reserved in the sane zone. This is
because a junp to the replacement area does not occur in ¢apgp@&ntITHIECC

bl ock skip nmethod. Each pseudo consecutive record includes ECC bl'ocks the s
nunmber of which is represented by any integer. The start sector of each
pseudy sdeims st V4 epsatass tthee spage kidctmap diy orkargingetFecshiadaiess
That is to say, each pseudo consecutive record is |ocated wthin a single

zone.ofThelm nhaunssczersfl Adwopsingo thensgssedi Ftedecmrd-A% detat 0t329' IFCC
bl ocks (about 7MB) to ensure io the consecutive.~reproduction of AV data,

as i e AV ACk inhEMadinentodng TS ong 0nB6skt kY825 868HE table

assi gnnent managenent i nformati on show ng an assignnment restlt of a pseudo

cons ive_re d, i engr at egar f Cfil e, T, pseudo
IS cgﬁgééu?P3e9§éc8?§c ss%%nﬁ%%?ﬁ%%ﬁggégegﬁgin%%?ﬁ%%?oﬁyﬁéé ,'%?re%or ed in
the start of the corresponding AV file. However, in_{he present enbodi nent,
the | HHTRITRED )T LY &6 FRPYR RRPENF r $19 ORI et t+9eFYSERY ¥83dndi%Hy to
the AV files. The pseudo consecutive record assignnent managenent

i nf orypdad os hibea AV stlezk shansgement( zabl® hyschangandoftiRsesdatus of
Consecutive Records Each piece of pseudo consecutive record assi gnnent
managanerky infocxafrom (alodo (kfwermeEt-2v dstapnagerment” |(nfmxswigna)) .
corresponds to an AV file and shows areas on the disc zs which are assigned

as pseudo consequd VEe S8 HE /t Rdei Sy I eBbrA¥utdng ldohekbuaryn 2003 4 | e.
The optical disc recording apparatus assigns unassi gned areas on the

optic j a e .CQNSs tive dsto Ay, file £l Qd cor.di _hg
. of th@%&???e?rpeg Eﬂ%l%%A gﬁgmfleacé%ae:%#f ﬁ'g 'exa;qupcIfeé o% th é'%rr%wftnag"gi nttq’w
information. FIG 36B shows a space bit an corresgondin t o t he nmanagenent

A or TR TN SHun 1P IR BBALS | ALEPER BT FhedaBRagEheRt PRESENEISONISE

described as a table including entries el and e2. ~ Fach entry incl udes,
fromi® Pperate,rirgneives hengdcawchgons sizom teet s epumrac{irs) teoditeal
Sector Nunber), an end sector nunber, and an attribute. Attribute "0O"

i ndi catedamcpsendo wonsesatri & necdt d1L 08t rardayt eitt lacicedidaatees with the

user instructions, requests the AV data fecording unit 110, AV
data editing unit 120, or AV data reproducing unit 130 to execute

15 operations such as newly recording of AV data, and reproducing and
xediting of recorded AV data.

The user IF unit 106 receives instructions for
operations from the user via the remote controller 6, and informs
the received user instructions to the recording/ editing/

20 reproducing control unit 105.

The AV data recording unit 110, AV data editing unit
120, and AV data reproducing unit 130, on receiving a recording
request from the control unit 105, issue a command necessary for
achieving respectively the recording, editing, and reproducing

25 requests to the AV file system unit 103.
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an unassigned area. In the present exanple, the attribute is always "0."
The area identified by the start and end sector numbers spppggmggﬂngeach
entry indicates a series of sectors which has ' been assignhed as "~ whol e or
a partial a relationship between the
pseudo 26ed in the file
systenrrs 20 descrrbed The pseudo consecutrve records and the extents
correspond to e&ollowhag ameatdrecoomandsr shipposteshdy tthe &ditlent spHssemot
outstep a zone boundary; a plurality of pseudo consecutive records
correagpondi®d. one extent when the extent outsteps a ?one boundary. For
exanpl e, when an extent outsteps a 25 zone boundary, two pseudo consecutive

records are formgd RehQreyiden %ﬁearo@arrséc%%%sa%ﬁf&ﬁ d¥enZORE from

boundary, both correspon |ng to the extent. (2-1-3) Pseudo Consecutive

Recor nt_Managenent I .nf tion,a d Spa hows a
spacetq%%mgggﬁ%rr%% %d“upott @m é}gngﬁgﬁeﬁglgﬁp ﬁ'?é‘tl ﬂtﬁ‘ 3@@ ﬁ ate

FI G 36A. In the exanple_shown in the drawing, bits correspondrng to sectors
(sect™FPROABELBI68UE- 1 5388) oIngsddlido é@ﬁ@égaﬂfNe efEBlng/ arkeRF pduging
indicating "assigned." It is desirable that the managenent infornmation and
t he sparerbilt umklE al @S nmaandetanagEhethgofiifatls titeyacebrdanceactitln dhzer;
al t hough: they use different units to indicate the assignnent states of the
dat a weeaivdecoenpibeadk .di sc recordi ng apparatus sets the bits in the space
bit map corresponding to sectors assigned as pseudo consecutive areas to

"0" indicating "@&signedouiSa( 212k %%M%E@pgggéewg%bgﬂr@%esfu'-elere

' the optical disc recordrng/reproducrng appar atus of " Enbodi ment 2 is

pl aj ) rdware Structur u he ane
T Lot e AR e "ot e R RE oS e Re s hEe e %ﬁém}r
FI G 14, the hardware structure of the DVD recorder shown in FIG t he
structYr &R TPEE ehete®t 3ndffowh02n I GFESPORSE t he stt%ceern@a&d%peee
decoder 4 shown in FIG 17. Enmbodinent 2 differs from Enbodi nent 1 in that

(1) z&eperidedcbrdewutive records, instead of the AV bl ocks, are assigned
76

oseudo consecutrve éecord_ Her e,

Il )
= FLELT)

CREATE: generate a new file on the disc, and return a
file identification descriptor.
15 DELETE: delete a file from the disc. More specifically,
the command cancels the assignment of recording areas in units of
AV blocks for deleting an AV file, and cancels the assignment of
recording areas in units of sectors for deleting a non-AV file.
OPEN: obtain a file identification descriptor to access
20 a file recorded on the disc.
CLOSE: close an opened file.
WRITE: record a file onto the disc. More specifically,
the command assigns recording areas in units of sectors for AV
blocks for non-aAV data, and records data into the assigned

25 sectors.
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11 February 2003 to AV data to be recorded, and that (2) pseudo consecutive
record assignnment managenent information is used instead @} FebRiaf\VoBdPCK
managenent table. Accordingly, a programdifferent fromthe programis
stored in the main_nmenory |d shown in FIG 15 for use in 5 the present

enbodi nent . (2- 2RBRDEyFEEDR Bk B U r e FAESS7 is a function bl ock

di agram showi ng the construction of the DVD recorder 10 of Enbodi ment 2
based on the funSEEsns refve Henciohponetiiba Fhchafwneicndeshown et He sfd.gure
is to achieved after the CPU la in the control unit 1 executes the program
in the main MenoRENAME:0 HHd®la thel bangdware shown in FIG 14. In FIG 37,
reference nunerals simlarly nunbered as those in FIG 18 for Enbodi nent 1

designate |ike cm@e_ntﬁcelnon 4 @t%snévgﬁggggg'\:ggyo%%gﬁer dunction will be

omtted fromthe descri is e I ment ment 2 differs from
Enbodi nent 1 in the file systemupit 102, recordj.ng/ editing/
rggroducing/ con%&@hRmﬂEGWﬁﬁf %n %&pEQFX Egggrgﬁﬁb * 110 shown in

FIG 18 are not used, 20 but a file systemunit 202, recording/ editing/
reproduci ng/ contr@TENRt POBuiafAdaRe Fatthe cEBrdeRf wiate10fatdqsédle
instead. The file systemunit 202 differs fromthe counterpart in

_Enmbodigwstterd. in that it includes an AV file systemunit 203 and z5 a conmon
file systemunit 204 instead of the AV file systemunit 77 11 February

2003 103 and a copmeATTIHLe S¥siem dni dtE0dputbe AV 4 idia system unit 203
differs fromthe AV file systemunit 103 only in that it does not support

the AV WRITE conmgid Eﬂaﬁgg 2dn Et&%fggm(%‘yak' % S&ﬁ&@g}eueg\k} T%Béned

rdiffers fromthe comon file sysStemunit In that t comuand
i §oUS wite AV data as well as non-AV data onto the disc. That is, the
fiPe systemuni t 202 does not discrimnate between AV data and non- AV

data, but deals with themequally. The AV data and non- AV data are

treated, di fferenfiW R The APcRED @dcofdi nbifi 10289, YR d8i8Cedi ti HGTanNi t
220, and AV data reproducing unit 230. The AV data recording unit 210, AV
dat a etppe¢hfiaally, the command recording areas in units of AV blocks,

and records data into the assigned AV blocks.
MERGE: merge two AV files on the disc into data in the
15 .memorxy.
SPLIT: split an AV file on the disc into two AV
files.
SHORTEN: delete unnecessary part (an edge part) of an
AV file on the disc.
20 REPLACE: replace a part of an AV file with data in the
memory.
SEARCH DISCON: detect Qhether a specified section
includes a discontinuous boundary (zone boundary), return "TRUE"
if it includes the discontinuous boundary; and return "FALSE" if

25 it does not include the discontinuous boundary.
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220, and AV data reproducing unit 230, respectively on receiving a
recording request, an editing request, and a reproduci ng HeRiary 2063 om
the recording/ editing/ reproducing/ control unit 205, issues necessary
commands to the AV file systemunit_103. The AV data recordi ng unit 210, on
recei ving a recordi m§ui@geesiotesmhate dditt ofF ONARES268T | %%%Ed&nﬁbﬁﬂﬁnd
necessary for the requested recording to the AV file systemunit 103, and
al so 2%z eands wenthidates at her easeparaiie i hf sPRROEEE S hdtn the FRE-3GKITE
More specifically, the AV data recording unit 210, on receiving a recording
requestommsead card the WRATE grednardas by referring to the space bit rnap
and t he managenent information, assigns an area having a size greater than

the earlier-nentifonedafi ¥8dal eHdr@ngSuabeut1 10VB, pvndaglas @ &1 €2H6S whiew
pi ece of managenent information 78 11 February 2003 shown in FlI G 36A.

Here, gptgggswdaa%gnggg%a&c{& oLg; bag gl E%ﬁ‘i%vlé%g{bxc&‘?é‘%ﬁgs IfudiP as

desira an area oW ng or as close as possibl’e to the existent
pseudo _consecutive record i s assigned as_a pew pseudo cqnsecutive record.
e AV SePE Bdor GRG0 b THINOIPEAREsDY HadTH SeUor SRy Smeth The
informati on~for the newy assigned area. (2-3-1) Recording of AV Files
Recor ddlpgvef camandsés in the DVD recorder 10 is described in detail. to
FIG3% is a flowhart show ng the recording process in the DVD recorder of
t he pré¢seBi Rahodiddant/. D&t irde user presses the RECORD button or when the
"current time" reaches the start tinme of "programred recording," a
notification of nesprding Slerdtisnsest tRetibepreeesdieg/ 165is edistdmigded
reproducing/ control unit 105 via the user IF unit 106. On receiving the
natyi fi £atiQnR,,qthe ¢ r j s .gng; . 4 hn i r
t&?n tﬁfg f)i% g eltle"rm' %gg‘gpzéé%(%%%? %3%8) gls—%;%sg%agaé%ng{%uﬁ%%\ e??r gz(v
(step 380). r ecifically, the caontrol .unit 105 refers._to._the space Dbit
nmap angag%'tkg_ﬁﬁggggﬁgﬂFaWW¥8r £esR1E 8§t§ tD6%3$sﬁgﬁ§a3éo&§;ﬁﬁ%%% of
sector_areas. The control unit 105 then assigns the detected unassi gned
consechYi Detadect dr3afbaBeaerdinswogs¥eacrloRdEaut PRE récerd) Helddiig sof
when ot her AV data has al ready been recorded in the disc and when the AV
dat a tN¥obeAWedart@ded continues fromthe existent AV z5 data logically, the
control unit 105 assigns a consecutive 79

(1-3-1) Manual Recording of AV Data

15 The manual recording is a.recorxding immediately started

when the user presses the "Record“-keyﬁon the remote controller

: without setting a time for a programmed recording and sets two or
three items on the screen.

For example, when the user presses the RECORD button on

20 the remote controller 6 shown in FIG.22, the display 12 displays

a guidance image 200 shown in FIG.23 under the control of the

recording/ editing/ reproducing control unit 105. When the user

presses "1" and "Selection" keys on the remote controller while

the guidance image 200 is displayed on the screen, a guidance

25 image 201 for setting recording conditions (in the present
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11 February 2003 recording area that continues fromthe already- assigned
consecutive recording area of the existent AV data, if it i¥eBR@S BOEE The
recordi ng/ editing/ reproducing control unit 105 sends a file identifier
and a_paraneter _indigating the "tjnme ensuri,ng, _quality specifie t he
recorﬁgﬁ@p Sndi £6n t&qﬁé}ékpﬁatg?Wﬁgorapﬁg uﬁ%F?£§in%me%®ia§¥?3 18
recording_unit 210 instructs the MPEG encoder 2 to start encoding the video
and a@8fBla¥ed-of a predeternined channel received through the receiver 9
and to transferring the encoded MPEG data to the track buffer 3a (step 381)
The recordi ng/Feriddtiging egtodecicglicantuiale  uthie 1084 fduet: hiverSREAE
command specifying the newy assi gned pseudo consecutive record to the

comDAokhke exStEnd Unidrdd GHtRP 882herlSr gD reGRi ¥ NGt he seppmady t
common 'file systemunit 204 returns a new file identificatidn destcriptor

nfile sy urns”a new i d
consceheFas TR oPhE BT e phocss, PRlRY U SAPEENLERR Ry uer 210

i ssues_t he CPﬁg ionnand"to the AV file systemunit 203 ste? 383) zo. to,

al | oWwPFRESRY t PPECSYLPBmM RHIELECP03 H6 8rortd thE MI%F iRMEFFPcafPeTLiLyY,
descrigtor gi ven b% the control unit 105 and information on the file entry
i nt o BhRorICHRSMr ghenges | taser sdlaiahelnager ety onrgingedhian ke otk
menory is also referred to as "Fd" (File descriptor). 25 The AV data

recor flhpgturd tt24€ bysuweseddtei WR fheceammk edutidnbebr yafte 208Bet audde AV
file systemunit 203 every time the track buffer 3a stores a predeterm ned

amounspetiWREG daha (iePs 332 28r38R) -referdY ol acheCRMidih &I ti R0

;continues to performthis process until it xeceives a stop instruction ?ron1
the cegyrol unit 105 5 (step 384:Yes). Here, it is presuned that the WRITE
command is issued to the systemunit 203 together with three paraneters

specified. The three,paranefers respectively indicate: the Fd havi been
ohened by the. COERE corRRHAY JBLET T BeY S Fe CHELIG, SRR ATHGR (3 FRces
recorded and a buffer (in this enbodinment, the t to track buffer
3a): stéritfe thétdatate Thedraesgpditian of the pikpefata madidess dhrer
file entry does, information of a storage position of an extent and a
types: "high," "standard," and "time-ensuring." The bit rate and
resolution for each quality type is shown in FIG.24.
15 . . Here, suppose the user selects "no limit" and "time-
ﬁensuring" quality on the guidance image 201, and then presses the
"Record" button on the guidance image 202, as a sample case of the
manual recording. This series of 6perations allows the manual
recoxrding to be started.
20 FIG.25A 1s a flowchart showing the manual recording
process.
The process starts as a notification that the user has
pressed the "Record" buttcon is sent to the recording/ editing/

reproducing control unit 105 via the user IF unit 106. On

25 receiving the notification, the control unit 105 issues the CREATE
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| ength of the extent. The information represents the pseudo consecutive
xecord assigned in the step 380. The Fd is updated iseveryqFeBRiary 603 \RI TE
command is issued during the period between the opening and closi'ng of the
Fd. For the second or a subsequent issue of the WRI TE command w data is
addi t FEMEANFT WEPt T COMMOR ngitRe 2YFE&HY-Yecor dof adexePn258dei vi n§nt he
stop instruction (step 38A), the AV zo data‘recording unit 210 issues the
WRI TEreoawuhag( shepcgsmandrThehavedananr §cdedPrgtami vn2to l0Hemeitsvins the
CLCSE command ( step 388). The AV data recording unit 210 further inforns
the A¥ifliel el demegerest il demridigit@genenahi ig ud t pdigiblat o r eceadiaga of
an AV file (VOB) has ended (step 389). The AV data recording unit zs 210
then gehgrs &g thesF 'rggéggr)t Xnef fife 8o dad /B dat fed0a8lthel diehRhURT Y

2003 create or update the managenent information (step 390). That is, the

A\ da rec in nit 210 creates.a.new.pi ece of t.i.nformtion
m/>1€en %%zﬁvof%l’ ﬁ:énqgs&lrse%o?drécdefo?ot ;émf'itrstrpatsi e;ex% h¥£€92¥§ P ct(l):?lcﬁ nﬁgS Tni t
210 updates the nmanagenent information and the space bit p when an AV
tile P8 TREIFECOXELPY é8SrdedlSPhe t@ﬁed%e&P’%ﬂflrtﬁ)Zila?%thﬁngéﬁEﬁtOduClng

information is recorded into the disc as a non-AV file via the comon file
syst emomfino204inidt sl dsddnotad fiete thdenthéipRl TENSomeanpazanstard
in step 387 to record onto the disc the rest of the data in the 1o track

. buf f éndiMatdngt e eCl'@Shecemsmyd nigd'sueth liit wtape 2bbiéd ascohwame amedli hg
wite back the Fd in the work menory onto the DVD RAM disc as a file

i dent icbine@ld itth deSCHnPtRY, dachi kecBrufihgORriite 1idke on the DVD-RAM disc. As
apparent fromthe above description, whén recording 15 AV data, the DVD

d f th di . dy 1 Gal [
cEhoecut i ve rocol 6 By r SraTT | RBPS THE SAAtE bF Foran Sa Che nanSgrEns

information. As a result, ° conpared wiith the DVD recorder. of ,Enmbodi nent 1,
the DIBSASST der &P t?\%aBFeseéFﬁng%h’B%di%%t Véeﬂ?%séq%eaﬁg‘ﬁg a?l@ggono he?

optical Zo disc nore effectively since the data area does not include AV
bl ock PrgdlateErEN¢dgi chrnpedi virgedivast | dHsoNP) ERDBdI FBRELIYeEnbAli neRd 3
differs fromEnbodinent 2 in that (1) the m ninum size of the pseudo
consedutansst reciorgl wen drealathMRES |dat2d thabgedtraod PRY felre 3gseuddhile
consecutive record assignnment az
the above process is proceeding, the AV data recording unit 110
15 issues the OPEN command to the AV file system unit 103 (step 251)
to allow the AV file system unit 103 to store the file
identification descriptor given by the control unit 105 and
information on the file entry into a work memory (not illustrated)
(the information stored in the work memory is also referred to as
20 "Fd" (File descriptor).
The AV data recording unit 110 issues the AV-WRITE
command to the AV file system unit 103 every time the track buffer
3a stores a predetermined amount of MPEG data until it receives a

stop command from the control unit 105 (steps 252 and 253). When

25 receiving the stop command, the AV data recording unit 110 issues
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11 February 2003 managenent information is not used. The differences are
described as follows. Wth regard to the above differenceq{ FbpruaRe2ddd
recorder 10 of the present enbodi nent determ nes the m ninum sizeé s of the

PSeudeh £ ORTEGHITEE E6RREAQI N RGP I8AFe Wil 1B8uRIst £13¢ e Qlogt VERammLR ect

to be encoded actually, while in Enbodi nent 2, the mninmumsize of the

pseud S i record 1s fi | e K 7 nsur e
Phe cOneoBuerad ‘oot of ahtaBr o s W etdr dia & reompavg 1Y
difference (2), the Dyp,recorder 10 of, the _present enbodi nent does not use
therﬁﬁ%@@ﬂeﬁpiﬁﬁ%ﬁrég?o O |RFRGERS thE @%éQQQﬁﬁﬂ%ggf@QQ%W%H%sofoﬁhe
unassjigned areas by referring to the space bit map to-~assign areas as
pseudedTonseeeR t vEO riee orefsd t b1 Aihelatd. t oThe FEPSEdamnand (Bs 13 sMasichuim

Si ze of Pseudo Consecutive Record First, the reason for determ ning the
msni neoesi 285 of o t el ps ebalok cons eEdit 1 vetecwod kamementy ometlo | thé hevab@rer
difference (1) is explained. FIG 39 shows a nodel of buffering of AV data

into dhec 295ty agky DU deitri e Ao daias Peipgor cad £5om EH%r?VPrRQMedilsické)y a

reproducti on apparatus reproducing a video object. This nodel is created
based..on_qi nj ghgﬁe i;fications required for the reproduction apparatus. As
far éggtﬁg%ebggeC| |?§§Fdns are satisfied, the uninterrupted reproduction
is ensured. zs In the upper part of FIG 39, the AV data read fromthe 83
11 February 2003 0D HRAVIGLE0 TREOZHIPE PERCES 5t FESEEE S bYedbe FSWRITE
processed AV data is then tenporarily stored in the track buffer (FIFO
menor§PTMand is sescribechdrdetddrl. In the drawing, "Vr" represents an
input transfer rate of the track buffer (rate of data read from an opti cal
diocsc), and "Vo" FEpraSeid sa afl outipattt shosfey taie mfotdes t paekobnkierny
(decoder input rate), where Vr>Vo. In this nmodel, Vr=IlMps. The |ower part
of Fl€h@9aUSssa1gr aphrenovhig 158 RHeNHE kBch®cdRtitth AMYIIRITE! Bemid=ARK
buffer in this nodel. In the to graph; "the vertical axis represents the
dat a ynt; of S L b re horizen 135S s L.epr. ts tige e
graph@?E ba%edlogﬁfﬁéagégn?éégtﬁg%hgvggg%ég %gﬁggégtﬁﬁeﬁfggggd%ﬁﬁt?%%fgﬂas
no defective sectors,an pseudo consecutive record #k that has a _,
ot ectioR SEat ari ot oHernrtort ts HhereTPa TAly tioh: SPRCEHHE S aken
for reading out the entire AV data recorded in the pseudo consecutive
recor 80@j thkae na’raveterscthiarresdetrky fAdiiaderer Fbe FE haelnat Pegmpunt
of the track buffer increases at the rate of (Vr-Vo). The "T2" (al so
rief erppdned by thpu@pEReconudindeps esestsiBedaabiore ;t dken sbyet lod dattiacato
pi ckup for junmping fromthe pseudo

"be rgcorded; and a buffer (in this embodiment, the track buffer

3a) storing the data. The Fd specified by the parameter includes,

as the file entry does, information of a storage position of an

extent and a length of the extent. The Fd is updated every time

20 the AV-WRITE command is issued during the period between the

opening and closing of the Fd. For the second or a subsequent

issue of the AV-WRITE command, new data is additionally written,
following the already-recorded data.

As shown in FIG.26, the AV file system unit 103 holds

25 a counter for counting for a size specified as a parameter. Until
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consecutive record #) to #k. The junp period includes the seek tinme of the
optical pickup and the tine required for the rotation of qu:e%meiriébo?i sc
to be stabilized. The maxi mumjunp period is equal to the tinme taken for
j unpi pg ehr /B the isPRRHMIYY GlikRUisls Qe e YU EEIPSEGCiEERL! 245 tRES,
nodel , ital IS presus%dlt hat tﬁe 84%5 1f%g'ebr ua}?y 2003 maxi(rrumbj unp per|b2d IS
about 0 ey thi eriq t_ he .dat a .ampount_ of e ck buffer
decregégéggfﬁﬁ%%l%%i?%ﬁ‘%%g:}%Eéﬁﬂﬁquﬁﬂﬁﬁﬁ%% ?ﬁr%%gp%%%%dsQnﬁFS?StD?S"
repregents a tinme taken for reading out the entire AV data recorded in the
s psefido OOFseSHGHAE r @B FRCOKAS hiSea defact PUECsekR®r .ARPBng t h¥e&e
periods T3 to T5, the period T4 represents a tinme taken for skipping the
cur r esP el ntakcky t hathdras aa depecnkidvefsiet odoasnd muvi ngpdloudde alexe aBGE

bl ock. The skipping to the next ECC block is performed when even one

ded ectriev 5Bed O atd | swheHndHe AbewrirEentofidn®! agk {dusactese. ikhak
means, when a defective sector is found, the problemof the defective
sect or. %50 yed usi t gg ock:{all or _

i ncl ugi ng t eﬂ%e#%étc{é\%tes )s'ectegr 1\%%%{\’“%4;?' § i gte%id] yﬁr’%%l ;lcr}]%géf%e cf‘g'greec?fiye
sector_by a.replacenment. sector ( nt ECC block). i5 . ~his nethod is
ol | of BBt SRR S Bt R o tihen A HEE e ety | D0 SaPR B USRS e o

T4 represents a disc rotation wait tinme, where the maxi mum di sc rotation
vai t HERCTE RGUAFOEBSEhe 28I A3 bR al Poreriodeiesk tiheth send & e AV
nodel, it is presuned that the maxinumdisc rotation wait tinme is about
105nSbUack héskeppébboeddNol3 drtk TBY fhéedastys tamountinf l@Pedetack hudhenv
increases at the rate of (Mr-Vo). In the periods T4, the data anount

decr eagesclatwitie saheusl "Yor TheayZerdd) hey pseddorLngseeutinee X ecHLdcks
represented as "N ecc*16*8*2048," where the "N ecc" represents the total z5

numbe s Rboekslenciidsd 387§ heRSRUdQ Gonsecidiye £6C0hd 8bror 14y

February 2003 The smallest value of N ec¢, namely the mninmum size of the

poeudt copsesune S6pr 0.3 Sl aulal et lir ol the Lol o gl ogediice, 1

perfor,rrrfﬁ%%éf the buffer capacity becones 0 duri ng this period, an

under *Gr st BREhEVdOLeF:T TaAten" 1 hi SURappLAEedY h&Ounitnt e@aﬁﬁﬁ%’ae‘i)
reproduction of the AV data cannot be ensured. Here, to ensure the

uni nt erSEgR ed6P bpr oducti on of the AV data (not to generate the underflow),
the followi ng fornula need

15 When an opened file includes already-recorded data and

the data is not recorded to the end of an AV block (step 266:
Yes), the AV file system unit 103 proceeds to step 270.

The AV file system unit 103 fetches data having a size

of one sector from the track buffer 3a, and records the fetched

20 data to the first sector of the newly assigned AV block or to a

sector following a data-recorded sector on the DVD-RAM disc (step

270). The AV file system unit 103 tﬁen'ﬁpdates the counter (step

271). The AV file system unit 103 judges whether two sectors in

which data was recorded most recently are consecutive sectors

25 (step 272). The AV file system unit 103 judges that the two

54



io be satisfied. <Formula 6> (storage anobunt B) ~ (consunption amount R)
The storage anpunt B is the anpunt of data that has been 3¢qeBiany 2do3n the
track buffer at the end of the period Tl. The 15 consunption anmount R is
the total anmount of data read during the period T2. The storage anount B is
cal cul 88680¥Si ngrehe NG | GANSEATTIHE a Whetor i@ 75Wao $6E6P4EGe @&MRANtNBY -
(period T1l)*(vr-vo) - (read out tine of one pseudo consecutive

recor dphyVie¥d)ly- confktWtive O¥rwhleh a ghnecbolrd 204 Vet s (MetWBezSthe-
(N ecc*16*8*2048)*(1-Vo/ Vr) 86 11 February 2003 In this formula, "L"

represgatsolcle sitR frddendsesfloa cepaECHbLKBAEL Hehwdde ERASHRIRiE®Ps is
anmount R is calculated using the following fornmula. 5 <Fornmula 8>

' (o T2% V) ' t ' hewk I
(consusmggd BIPHACE)ingT2: VeuERLacl A,0L e iR cabILISH BRI 1o .
<F 9>.t0.(N, *16*8*2098) *(1-Vo/ V1) ~,I2*Vo. F the F la 9, it
< Hior [06R that > ASG6E PapRedahi tRg bnB-FB: A1 nulber 0f “ae GNham tnit
i ncluded_in_the pseudo_consecutive record should satisfy the follow ng
f or mul a0BoadhstEethReadihPRBELPOpEEaCEEPEBYUEEi BA 6P hRddavagatone jextent,
<Formula 10> N ecc ? Vo*Tj/((16*8*2048)*(1-Vo/Vr)) In this fornula, "T;"

r epr esthes AVheguarqeoided t biae A¥sbbeeh desedikatekarbéfore Theemmirment
junp period is about 1.5 seconds. "Vr" is a fixed value (In the

repr odawt bQdcappadtadpIs2 2P) Modghefh@WN iisn jildeyedppes pasitobeFia 3%ep 272,
Vr=I1 Mops). Also, considering that the video object is represented by a

vari ablg ity 1r at MO+ 4 'S apged fromthe followi ng Formula 11. That is,
“"\Vo" is obfaineéﬁ?ﬁgh1Forﬁ% %éll not as the maxi num val ue of the physical

trapnsfer rate cf the track buffer output,. but .as a.2s substantial decoder
ingﬁt rate for APAERaS? ﬁr%ge&58d58§9&fle&1512e i £ cSHBTe AL SESPEE

by repeating the recording of data into sectors (step 265: Yes),
the AV file system unit 103 allows Fd to hold the allocation
descriptor of the last extent including fhe last-recorded sector
(step 274) to end the "AV-WRITE" process.

15 - . As described above, on receiving the AV-WRITE command,
the-AV file system unit 103 assigns areas to the specified AV data
in units of AV blocks which are each a consecutive area of about
7MB. With this arrangement, each extent, except the last extent,
in each AV file in which AV data has been recorded has at least

20 about 7MB. This ensures the uninterrupted reproduction.

It is described for the sake of conveniences that data
having a size of one sector is recorded onto the DVD-RAM disc in
step 270. However, in reality, data is recorded onto the DVD-RAM
disc each time the track buffer stores data equivalent to one ECC

25 block (16 sectors) in size.
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87 11 February 2003 variable bit rate. In Fornula 11, concerning the
pseudo consecutive record length, N pack is the total nunbppe&méémﬁmg

i ncluded in the video object that should be recorded in N ecc ECC bl ocks. 5
<Formula 11> Vo = (pseudo consecutive record length (bits))*

(1/ reptlodirc? ) ofrogremoédpBeadodianys efutAiWdatcord (sec))

=( N~pack*2048*8) *(27M (SCR first next-SCR first _current)) In the above
formula, "SCR fiImsle cyreftammséda ted®rding id 0 4/ (2énmega)irsgcopad)ces
whi ch the track buffer of the reproduction apparatus shoul d output the
first h j bj , R fhLsh (WIS [ (4 1/ a)
seconésg g?PﬁﬁPcﬁ”¥%ge§¢§ckg%Ef er of théhéepﬁggﬁg¥%oﬁﬁ% pgghfﬁgesﬁ%%%ggg
out put_the first pack of _.the follow ng video object. i5 shown in the
above‘¥%ﬁ%ﬁ?££e£08éﬁ5 TlFlpﬁeﬁ%ﬁﬂﬂﬁﬂékQQQﬁ f£% %r8§88d3é%6nsecutive record
can. theoretically be calculated in accordance with the bit rate of AV
dafa. Formul a 10féﬁﬁhoﬂtbésaﬁﬁﬁﬁéﬂeﬂotaaéaEEemhé?é aRyedifec EPEE BT gid
exi st on the optical disc. Such a case is 20 explained below in terns of
t he valTenefElisieing" reyuihedytidanseremade 201 ntas rapsavptepcedectadbthda he
"N_ecc" representing the nunber of ECC bl ocks in the pseudo consecutive
recor hrddrammdd esebBedes e thaist Qm@ﬁ@ueﬁeaﬁm@g@@&ﬂm&i nesos ddi Agl udeHECC
bl ocks with defective sectors the nunber of ich is z5 represented as
"dN-ecLy gy Av data is recorded into the dN ecc 8B 11 February 2003
defective bl ocks due to the ECC bl ock, skipping which has been

described earlier,_T 0SS ti Ts gener.at ed by, .skipping. the dNecc ..
t def ective ECC bl oPcIlg%rzeSs]4 r’e?)raeséﬁqvé%]%%t "SHAERE L ﬁﬁ%‘?’ga@ﬁd FESPESEMS
the ECC bl ock skip tinme for the nodel shown in s FIG39. Wth the above
dédcr iP¥PBASEaken into account, to ensure the uninterrupted reproduction of
the AV data even if defective sectors are included, the pseudo consecutive
record need to iMflederease sanyt&EOCsbhocksnatifémadsiam ethay the tslemviam
to formula. <Formula 12> N ecc ~ dN-ecc +
Vo* ( T pre ssedl 6218d 2048 58" ValMgn Assappatenio f then tree calibreg de ecliittn N,
the size of the

reproducing control unit 105 via the user IF unit 106. On

receiving the notification, the control unit 105 notifies the

15 common file system unit 104 of the specified time and issues the
CREATE command to the same unit 104z(step 256). On receiving the

‘ command, the common file system unit 104 returns the file
identification descriptor when if is péssible to create a file.
In this process, the file size is specified to be the number of AV

20 blocks corresponding to the specified time. Also, the recording/
editing/ reproducing control unit 105 Jjudges whether areas
corresponding to the specified time can be assigned based on
whether a file identification descriptor has been sent (step
257).

25 Having judged that the areas cannot be assigned, the
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pseudo consecutive record is calculated fromFornmula 10 when no i5
defective Sector is included, and from Formula 12 when anyq ggpgafy} 503
sectors are included. It should be noted here that when an AV dat'a sequence
s ed a ralj o] se ti S, j & sty,and
| ast %é@gggﬁco%gégut ?\bg réég)rédsftﬁged %%tg%%gr?fesﬁjy ]%/{Ce&g%ﬁ&gr nﬁ%g%lefoé%r }?Lg
This is_because %Be Iastépseudo consecutive record has no subsequent AV
dat a, PEhECtRAR Yt heSufF e PRRSF Feproducti on between the first and second
pseudo consecutive records is ensured by delaying the timng of the decode
start, namely byHatiRdi dgcaashl Fhag deba tdredae drDd&e aPeSianrdt r aehke 25
buffer stores a certain anount of data. 89 11 February 2003 (3-2)
Recordongrol wwifileS Rendsdanfideé AWehichiddeirn thesddM feedrtémell drsd a
described in detail. FIG40 is a flowhart showi ng the recording process in
t ke DyBragepedein@ichbengr Eﬁém'tEﬂEOGh%@ti-ngF_hQ;thallQLV@}haééetﬁfh‘.E@ FHTEL 1S
FI G 38 except that the step 380 is replaced wwth step 400 and the step 390
is de . zhart of FI.G 40 , ri tr.ating t he

i 1 of SroseiRE LT, *her he cAl IRRE LR R R AAED - he On
“current tine" reaches the start tinme_of "programyed,recording,. a ,

not | 1 FESELBARG CRECE: P S (1R EOEBAELPB (A2 ethri ne/ TEAPERAGE unit
reproduci ng/ control unit 105 via the user |F unit 106. On receiving the
noti f -&8t iGFuashechon®PBN GRMmangs (el s?eps HRCAr dd hevi BaSaspess Giedt er

than th' e above-described m ni num size as a pseudo consecutive record. (step

. 400) . thhee topectiafitcaldgqrdimeg costepl 266)t 10hecaduhsatesnthpracesale Hiof

rate of the video object using the Forrmulas 10 and 11. However, here, a

preedetBenaved@ iz ers@disignantite 1M Axen simesfayHee dmnel 29 thst eagepor
t he sake of conveni ences. The control unit 105 refers to the space bit map

and eé@h-gkbogﬂbbﬁniﬁe%ﬁﬁ.E.%%r:l o sthed il MragerERhaRbeot ?.h‘éetAhQ/thile

unassi gned areas on the optica isc, creates a free space |ist show ng the
et o B coPlo BRI SR 0 RS SRR RS
S0, agsaz%% %%d time, and issuing the CLOSE command (steps 258-262).
As described above, the programmed recording starts
15 after checking whether enough unassigned AV blocks for the
. specified time are available for the programmed recording.
, Note that the order of the steps 256 and 257 may be

reversed.

(1-3-3) Deleting of AV Data

20 Both AV files and non-AV files are deleted by the common
file system unit 104 when the DELETE command is issued. When
receiving the DELETE command to delete a certain file, the common
file system unit 104 judges whether the certain file is an AV file
or a non-AV file by referring to the extension of the file name

25 and attribute information. The common file system unit 104
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' SO Shm

11 February 2003 including a zone boundary is treated as two unassi gned
areas, before and after the zone boundary. FIG 41 shows aq{ggguaResal i st.
In the drawing, the "start sector” colunm shows the start sector "nunbers of
t he unassi gned areas; the "end sector” colunmm shows the end sector nunbers
of t RENFRESS hff erents PEORPIIRS ' R tihoute” bierknasiRermaet L ehand
correspondi ng areas are assigned. The "Free" shown in the drawi ng indicates
that the spacespbhdiag 4dneacicermianegssiigitedche tabfvesyndggmems measwlim.si ze
is determned to be about 7MB (3500 sectors), it is found that unassigned

area cl is snal lprg tdani 4 hh sfyalid@ardandGHEASE) ofied preas se2 AMddEeBedriggoot h
greater than this value. In this case, the recording/ editing/ reproducing/

cont g} Hits105,283hARS b HUNASANE IR £35y 62 ANER1E gBaas pseudo

consecutive re me steps as om1the above step It
shoul d be noted _ here that when rec rd|n AV t he 1 g
uEit 210 uses tt#i%uﬁ%ﬁﬂ?&nggiﬁr§¥§ FHCH%&& 6ﬂ§t%gd9ﬁﬁe$hﬁg e§|88 F
referring to the free space list, followed 20 by the unassi gned areas |n
or dershedhd tihe @ﬁh@t%sbﬁéeiﬁ@rmgetmgheaﬁéég 6N te Wptheal spesé fifdko
note that the free space list is not recorded on the optical disc. FIG 42
i s aAvVofthar t{ sdepai2ding t H=vpimoy ejludgedf aaspoghitige her pSelslostepseditd ve
record perforned in the step 400 25 of FIG 40. ' 91 11 February 2003 The

cont robmidht £106 596ER GRitheospaggabet FBR aNd Ak ald @Rt deseigt or
of the file managenent area to detect unassi gned areas on e optical disc

(Stel%fzéﬂan Dngo{éﬂg\;f’atﬁgeof%é OAVUJE‘ié #05, Jisifxggﬁg akeant! '?3@:‘)0:&Slr ee

data e. g., severa - hundr tes In size

ﬁﬁgg;féﬁun'&?’agAfs$%%e§2§?e"bH dof C%%iéiédgaZBQERcF&gﬁdgqggg%ﬁgsbéﬁﬁﬂary

is treated as two unassigned areas, before and after_ the zone boundar It
shoul%p%EEnG%EdmﬂErEYt%%%nﬂE?@hEh%oﬁ¥¢BP59ﬁ|PflégljEH@e§eﬁﬁ@Fﬁan§ﬁ

i ncludes a zone boundary by inquiring the AV file systemunit 103, that is,
by i skui rigra haVSPARCH Df SOON "@dmmaasis sgoed) i it o 'C;l?l.(uqu@‘iadbns(sm‘e;zone
boundaries on the optical disc are fixedly set in advance, and are stored

and nanaged dna thel Mvebi kBesysitmtinEroh0F i1 dntfPensees, A48 contmein
unit 105 determ nes the m nimum si ze of the pseudo consecutive record using

the Foraukag s1Qand Jeh SE@poézééle‘E%Ele (swhen Lef eqidye @ﬁété‘éﬁméhe fiaund,

the control unit 105 uses the Fornmul as 12 and 11. To S|np ify this process,

ConsobUeEd MLy ot Re e Rt AR, R R U E BB R Tone A RO GREC ang

conpllance th the picture qualit , a quality C|aSSIerd into

"hi gh®hd §t§£&aﬁ¥ TRy o %%ﬁFl??nEréﬁéﬁﬁlng shown in FI G 24), an expected
rate of defective sectors, and a margin. The recording/ editing/
reproduci ng/ conFEG28Ri shaws delehed assifjiesn 4k wBRy PREtdefedthal
areas which is larger than 92 11 February 2003 the mninum size as a
pseuddreatisecushaesr etertd, Aandidetser #l nesid h#2r exer dtegoonddér ifst eped 24 .
The order is determned to be, for exanple, fromthe innernost side to the

outerppekksi 4800kt B84, The AV file #1 is composed of two extents (AV
20 files #1-1 and #1-2). The AV file #2 is composed of AV files #2-1
and #2-2. The lower part of FIG.28A shows that extents have been

deleted from the AV file #1 of the AV blocks #11 and #14.
FIG.28B shows the changes in the AV block management

table and the space bit map corresponding to the deletion shown in

25 FIG.28A. The left-hand side of FIG.28B shows the state before
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disc so that the seek nove is as snmall as possible. As described

above, /when recording AV data, the DVD recorder of the pr¢$¢@5n@gpg@bgnﬂn
dynam cal | y assi gns unassi gned areas as pseudo consecutive records by
referring to the space bit nmap and each allocation descriptor of the file
mana icav,e@ndidhe mdghitt-hedidf fsdidents hiowsmaiiveadidedtt ion + hel IDVDheeddr der
of the to present enbodi nent dynam cally assigns pseudo consecutive records
for naewldinhaAéntain, tadlidjoutaremgidn the psebllockengadutaing # B¢orte
assi gnment managenent information. It should be noted here that in

Embodiniiie B, £ 1M g0 GRACAY Ifltd)S +f efeed (Y LAGHIHC A N8 o HAWREY |

the DVD ~s .recorder may create the free space |ist when the optical disc

the DVD s " recor der may créate t I <t Sher i
cach i e 11 DVBCFBRBF Gor SPRRbr A ATIGAC " Al St U DUDSFEeaP Ry MEY!

create and record the free space |ist onto the optical disc, refer to the

r ecordeF ¥sse Shaalkl 219 i stciiorineldndi by e dilVablasdsupds chaBgrcst
after the recording of the AV data. The present invention has been fully
descridyen '/’ weeys igmeedinpt@s" W t unafsetremed) t 0 The saondulp ey int ed ahvengs,

it is to be noted that various changes and nodifications wll be apparent
2s tanosehskidwed pard her aric, 2Brerief ol Hdassesuedh siwngasaandn83ay 11

February 2003 nodifications depart fromthe scope of the present invention,

they %%lé’fu&é’ci‘sir’i ARy Q@Jﬁ“ﬂ pdedythegea. pthwe@f?;éﬁlﬁgl&gfeted.

PCOSSI As apparent from ove descri ption, disc s

recordi ng_a rat of .th resent, inyent.ion is suitabl.e for recordin \Y,
data:ghtgeﬁgggﬁdo#§5%83é§§%€ i&§|d8F3 At efsurtihge ﬁ?n?@?Fuﬁp@dthe e
reproduction by a reproduction apparatus. The optical disc of the present
itAventibh F¥SEEMt BBEE £83 recording AV data to ensure> uninterrupt ed
reproduction by a reproduction io apparatus. The conputer-readabl e

r ecor i n3r- e dRamoofl inke ofr dentAV et i on is run on a conputer including a
recording/ reproducing unit fox optical discs, and is suitable for

recordi ng AV datRId.@ensire fidwdies fupsedwiapr atlec ipratesi of 1de Febatiagy
2003 .

non-AV files performed by the common file systém unit 104.

The common file system unit 104
15 - - On receiving the WRITE command from the recording/
:editing/ reproducing control unit 105, the common file system unit
104 judges whether there is non-AV data to be recorded (step 261).
Having judged as positive in this step, the common file system
unit 104 detects unassigned sectors which are written as "1"
20 (unassigned) in the space bit map and are included in the AV
blocks written as "10" (for non-AV) or "OQ" (unassigned) in the AV
block management table (step 262). When the status of the AV
block including the detected sectors is "00" (unassigned), the
common file system unit 104 changes the status to "10" (for non-

25 AV) (step 263), changes the statuses of the detected sectors from
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95 L~"hat is clainmed is 1. An optical disc recording apparatus for
recorfding video objects on an optical disc, wherein a re¢pFebn@anar@ss of
the optical disc is divided into a plurality of blocks, each of which is
conposed of a set of N sec consecutive sectors, each sector having a size
of S-%PZe (Rasdgnadle bpti'ddl Hressbebrdd sedem 2 6f br miconr eRORAFg e a
assi gnnent for each sector on the optical disc, said optical disc recording
apparatnsAvodprasingo theedetagtadi seoperablietép BE&Y.t hEFhesectomon file
information fromthe optical disc; a detecting unit operable to detect a

seri e§y9f:eﬁ0{3§§EU§b_\letHéﬁs?iﬁ@@g 28etaky ¢Nd Re iisaln dhsEchY dRf£rwiHg
to the read sector informafion, a total size of the series being no smaller

t han I term ned. si at r : nt t e re
t he rgg?8§g§¥f6ﬁ6%€p5§g%ﬁgagbf“%%i%ggggggiéggrefﬁ%%ﬁc?ggz'of he vi eolg
ohject; .and a recording unit operable to divide and _record Vi deqQ obj ect
ot o SHEOBR A3 BOELYP olnof teBn2tBat FOBLRLSEF A SsEt: SREPASER: SN Lhe
detecting unit, and the predeterm ned size is the nunber of blocks which is
represéntietigad " A negaltd Veol | Bing ngomaomul Bt la=¥s FpM U0isec:B84S rgoeyds
(1-Vo/Vr) ) , 11 February 203 96 where "Tj;" represents a maxi mum junp
time ohtan oheti cAllei okupy oftlve r qirlasitctiom ajpsrmipisor " \Of ridpr esentsnan

i nput~transfer rate of a track buffer of the reproduction apparatus, and

"Vo" hapneseRls e efd@cdi vemubpHt et AR RIrd Al dduthentr gkt f esrep.
The optical di'sc recording apparatus of claim1 further conprising unit

, operagleg)tql_og%qled & q.&;@_gﬁyeggt%n;g{:%hii% A t}%\ge{)%ear eas of the optical

een recor “recording unit. 3. An
cording vi deo objects on an opti cal

s A 3 : ratus, wherein a recording area of the
optical disc is divided into a plurality of blocks, each of which is
conposed of a sePRofeRedadndnibe uDELE FecEorBand asResadimhate G BESEN of
S-size bytes, the optical disc records sector information show ng data
assi gfindet froomeblod secbodiomy A heddpingdl répsodusding opentadl dusd tr eL@5di ng
nmet hod conprising: a reading step for reading the sector information from

the ophicalhddi S0ie acaletchi pa1st @R m-dot eEtiog eheeebrmonf FGARSaoyd ¥R
unassi gned sectors on the optical disc by referring to the read sector

I nf or E?atiitprl’oﬁsﬁé}.t@é%ﬁé 26y, of d&'ﬂ@tgg’rﬂt g:%g&?éy 410 SRl dgs than a

predeterm ned size that correspon ata anount that ensures the
reproducti on 1 ebruary 2 97. apparatus for,_,uninterrupted reproduction
oﬁpthe vi deo objéggfgén& aé}égg?ﬁ?ﬂéggté QWhn%nRﬁ%n%@°%ﬁaBr8%%r g-a9

vi deo object onto two or nore series of consecutive unassi gned sectors

det ecPEEAY thHel eotRR¥FOFeEeBY &HE RIS K8 N ebeRi VB Es 108e nunber of
bl ocks which is represented as "N' in the followi ng formula: N=Vo*Tj /(N
sec*8*S size) * (1TWe/ vohmonhéide" Fystemepnbteh® 4 Huaess winetlep annexbéntin
optical pickup of the reproduction apparatus, "Vr" represents an input

t r ansfsgrounat ®e0faed dtferl b \pWd Bivofng heo repe odutei entapparaths sk i ¥0éd
represents an effective output transfer rate of the track buffer. 4. The

opti calo e fff@r%e&?gww Pfﬁﬂﬁgg%&g‘é&h% gegavcwenana,a{-ego égﬁg

gener ati ng managenent ormation s reas of the optical disc %fe

t vi,deo object h been ' recorded .in the .recardin tep.. 5..

cgﬁputt re-rggtﬂ‘ﬁpe @c%raiyﬁ&eﬁbd?ﬁﬁ]grelcdgqr dFﬁSageSr gtg}}%mg %fger g%%ﬁdfnﬁé) vﬂﬁeo
objects on an optical for use with_a reproduction,apfaratus, wherein a
recor SR SRS ghetﬁ§®ﬁﬂﬁ%ﬁﬂ°€i§éli§Wﬁ\ﬁ§EﬁPF%tbn§ PRgHatPt IS $FBERE,
each of which is conposed of a set of N sec consecutive sectors, each

sect orf¥eavi'HY' a(a$gegnéds spz& Bytlemashicgnpd] cabtebsd7Reécords sect or

i nformati on showi ng data assi gnnent for each sector n the optical disc,

11 FebruatY 2D. (8h88common file system unit 104 then judges whether the

ect has

statuses of all the sectors included in an AV block in the extent

25 are "1" (unassigned) by referring to the AV block management table

60



sai d program causi ng~a conputer to execute: a reading step for reading the
sector information fromthe optical disc; a detecting stepFesrugdgt®®i3 ng a
series of consecutive unassigned sectors on the optical disc by referring

to the read sector information, a total size of the series being no smaller

than g pLgdenanm noghsh2¢ P.(;%tr ﬁ%{%@ép%d%nt Qr A8t @pampuatl ddighoRNSUNRS

t he reproduction apparat us terrupted reproduc{ion of the video

object; and a rec ing,ste or dividing and._r rdi vi,deo e onto
two oty Hore %%Jr?e:gégfu@%ﬁé%@uﬁ}%e}%n%gg?gn%aggggﬁgpg g:gafbgic% eb$ei %ﬂghg(itng
detecting step, and the predeterm ned size is the number of blocks which is
repre%%ﬂté&a§§sﬁ@fiﬁh?hgvf&hQﬁMrEF@%rnﬁpa:(for non-AvV data) to "00
N=Vo*Tj /(N _sec*8*S size)*(1-Vo/Vr)), where "Tj" represents a naxi mum junp
time OGinansbphédhl (pterup7éf .t hEhe eponmant fdheapystamsinit/rl04 egeésdmss an
input transfer rate of a track buffer of the reproduction apparatus, and

" 40" tREresEstetadneiésetiyeolUbBULhEr 8REEAE Kot afhd hEile¢ agktbyf f(@ter
The conput er-readabl e recordi ng nedium of claim5, wherein the program

furth au h ' t estlit e & p . f-or ' n nt.

i nfor %Z?fbnﬁgﬁ%wgfr?g%%gﬁelgag{%f%% %g%i cawﬁgﬁs%Emﬁg?%ﬁ%n%%rgoeg‘%%cﬁson
has been recorded in t recordi.ng step. 11 February 2003 99 7. A

opt i c&f ai‘gﬁn e%ﬁ’r h’lené{é;‘;?ptaercgt u%hgrP%T%% 5?1]1‘8p F&gl%l(ﬂr%gﬁosce?%ie?{lga,‘
wherein a recording area of the optical disc is divided into a plurality of
bl ocks, each of KW chl® sSkewpodedebedansbrryf 1St coRtRPeE Béditoraf
each sector having a size of S-size bytes, . , the optical disc records
sect othenfisamanidos hshweni thptdad @ hiscinidhbt ihod velch meTtAY Hhlehe #Sptarchl
di sc, said optical disc recording apparatus conprising: a reading unit
oper aphe tpatRadft bResaehonvi FhoesBiBoANHr @ tike-lopdé £abnly seheaesteteert.i Ng
unit operable to detect a series of consecutive unassigned sectors on the

opti cghedh gGeby Jagfterds NBr & 031 Reshb630+38¢! @hd N8 1 108s BebAl Ak 1YHAR Of
the series being no snaller than a predeterm ned size that corresponds to a

dat a n hat _ensur t he, reproduction apparatus for uninterrupted
reprogggﬁi%R%ochh2§5f§% eoﬁ?éct: and a recording unit operable to divide
and record a video og'ect onto two or nore series of cqnsecutive unassigned
sectors detected™ b§- thE FAWNT i W uRPERIERd hetRBReddt g?rﬁrﬁ%dmépfgei‘%er%e
nunber of bl ocks which is represented as "N' in the follow ng fornula:
1V=VotFpleNasdctBeSspiage) bit- YepVeprreahondiing' o' thep deseriona shmurmirm
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25 invalid data by the AV file system unit 103.
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15 'ﬁnit-lOZ are mainly achieved as applications for enhancing the 0S
" or ﬁhe functions of the 0S. Also, the other components other than
these are mainly achieved as functions of the application
programs. The various commands supported by the file system unit
102 are eguivalent to service commands, such as a system call

20 command, provided to the applications.
In the above embodiment, two bits are used to indicate
the assignment status of eéch piece of AV data in the AV block
management table. However, the number of bits may be increased so

that other kinds of attribute information can be added.

25 FIG.32 shows the second construction example of the AV

-

63



M LdB~_@ n{ 10% | L| & (
M 1094 & () - 94.0%}| & (
304.0%| & () - A0%| &
109 & () -, 210%4 & () -
q

94.0%hh & i) TR0
104 f; 10%4| & ( 10041 & ()-6 Y40%| & ()-[T dEDCYA0% h& ()-' | %40% h& () - |

-8
waéﬁ?f/"hg&é) Sy & A BT 0 < R P ERBARY

h&. ()s1 1! 10% + 10% h& () -) 39%4.0%
h& ()O é’?ﬂé%ﬁ#ﬁ& O Qt%i%@/éﬁ&o% t&’ ] &d%*jé‘ whi &%‘##ﬂ%\w@i‘ﬂj’% §5eh 10
hL; " 10% h& ()-L8t' 10% h& ()-! @" 109%& () - 9S2Z10% h& () - &03%4.0%
h& (P%m@m@mdm\m@ml\m BO% rest gD itiutod oo frnig t 898 0% RRe( rrpavnofour
h& ()-f940% h& ()- "f10% h& () - $$$% %8886 ?2VKG@D 10%
h&' (pri!ts9'c0Yalel pielct( R/t Dy @00 & 9 -iSddYEbE (ppZ@Bnting the
h& () % &9&&80' s' A2VK@D ' | %40% h& () - lIF‘Vd’&lO%]h& ()- ! k# 109%h& ()- @ %40%

G S@ADEL (UG (heSny ML ARKGELATHIUAE (- cRIEPYent

h& bYd.0% 3"10%h 1
e (S %@%@”)@%% ;f%»}eﬁ&*i% Rk nanaéi%aé%b#ﬁaw#gb?f Vet ve
' 10% h& %10% h& &nPd0% h& %.0% hé& 4+w+++9, 1, , dEhCEA 0%
h& ()0 /iz%%qi@ 3R 2o é%q@qu@qmgf)@(glm/&éﬁ/g% eyam}@% the first
h& () - - dEbC) @4.0% h& ()-(910% h& ()-"' 10% h& ()-| % 10%
' h& ()Av@blxm)s n&iql)ude@/m h& FQ'" -irX hexadeimeds 3naeoh i ) )e ZBsg DI R&ECE- f 2
10% h& ()-L010% h& ()-s.' 10% h& ().-+3%40%
ne ()bh]ldc?ﬁsu] vARdxthéO0b OO %Y &UJcdNvd] &iés3 - 2930%8D&"( in Hestad®chmaQ hL;
0% h& 9' 10%

h& (h&dﬂ@&:@f/&ééégéﬂéeﬂﬂ%l &100c }Zs/&OWI & ()-2940% & () -
M 10%] & () - y10%] & () - P O0%I| & () - h111, 2H2~22} A?bC&! FYA0%4| & () - YL0%| & (

) 1001 & () F‘)/% %g;&%?g& %%{4\,'534 33 b 100 b L0r 2RZRITUERS, SAQH €

()-) YOd0%t| & ()

%3%10%1 & % & 374445(535dEbC99" . 10% %1 &
AR Pa - oavai] R8s o0 @Ezqegwea% SBAPSTEs SSob DY () -
O/<100/&;& () - % 0%E () 3" @O0%& ()- 104| 104
10%HJ&°%5< H60FBELASERENTERE 10U8EReM) 021@ qgl@/&ﬁ%&bépcé%dmw@) tpe
s' 10938 () - Z10%& () - 778; 8u888dELC Y%A 0%E&' ()-y"' 109%3& ()- FYAO%E () -
IR0UGOEAL " DOMDBE( )oiSsEG@mb(:)CSBQ.SQ:QQId,eCUEb'C @ich AV block from which
10938 () -/ FOd0%E& ()-f-' 1096G& () - +FodO%GEE () -y
10%G& He -ABONGSE (BeG (BLocks | inas Il £3054| &'idi'eséoéi:ﬁ.@fi 18Gsuibtracted.
éocm& ()-8 10%G& ()-6QM0%X ()- YAFLOYER' () - 5<dEanst<iO%1| & ()
F % 0% o 0
AP%ife Orind éb@t%)r% C%Q/gg% d2- %%Q@'|§o€)

numbe
=0/<100/4¢| & ()-b<w<<<. =qiza ¥ (Srmnosal e B ¥ 10%4| % O 10%|||&

3" 100/%1?%‘3 F1¥805sFaPLPksy SLhe HEBIBCINEHSH RPEF- 192 (%S 1% T5IR39EH 00m
& ()-# 10%4| &

llog/e)amxe r%&}mg/e)@p&a(dﬁmsg@ﬁz@f@mﬁes%ow#&- ERcorshicv &R g - since it
Y4410%] & () -3, 210% & () - OFY%0%| & () --' 10%4| & () - @ AUADC10%

28’ ()i ¥oABO68IE0) e VIO LRE (FiBey4Pet Ul (pit1087 104AFecognize the amount

)-. YL0%| & ()-SnL0%| & () - &9F

) -, A0%| & ()-1qdE~ @' 109%4| & () - 11 February 2003
1()- . 4%0%| & () -, S410%] & () 8&10%| & () -, nvaB~ @4
0394.0%4| & ()--' 10%4| & () -

& 4)1s 13456G bC 10% h& () - F y10% h& () - 104| 104

of data that can be recorded into.'each AV block without the
information. According to the AV block management table shown in
the drawing, the file system unit 102 is relieved from the
complicated address error process necessary when data is

25 recorded.

64



1047fy; MLOY%7& () - UAAAABHBBABbC! - ) 1094JU& () - GreA.0% U& () - Z10% U& () -: 10%

U& ()-Y M 10% U& ()-10% U& () - BBCOOVCCCAELC! ™ # 10% U8 () - 117aan&2008- G¥d0%
U& () - @0% U& ()-fGLO% U& ()-s9 %40% U& () - COEDFDDDEJEDC! L-' 10% U&' () -
+39.0% U& () -) FY.0% W& () - (&10% U& ()~ " GYL0% L () - 3981Q%

U& () - EEEEEFLFESSSFdERat 1010 185Uy SRE0v BRI R8e 100U 13 S 30RBNher

U& () -1 4F%0% U& () -, 2F%d0% U& () - 03%0% U& ()- SFTFeFFFG'\GXY:/ 10 U "' 10%
U& (IRfbrmewiog (WhikRvdDeeieatks39eRer (Plothsm Br ( pecterev U Whido

address errors occur and to allow the AV file system to use the
information.

5 It is also possible to reduce the amount of process
performed by the file system by using the most significant bit as
a flag indicating "variable length” or "not-variable length" and
by using the wvalue indicating the size of the AV block as an
effective value only when the flag is on. This is possible when

10 the probability of the occurrence of add?ess errors is very low
and when almost all the AV blocks are recognized as having a fixed
length.

FIG.33 shows the third construction example of the AV
block management table.

15 - . The AV block management table includes an arrangement
of a . plurality of pieces of four-bit data which each shows the
assignment information and attribute information. The lower three
bits of each piece of four—bif data are used for representing the
assignment status of the AV blocks as described in the present

20 embodiment. When the most significant bit is "1" (also referred
to as a variable-length bit) the bit indicates that the current AV
block has a variable length, when the bit is "0," the bit
indicates a fixed length. Here, when an AV block has a fixed
length, it indicates that the AV block includes 224 effective ECC

25 blocks without address errors. Otherwise, the AV Dblock has a
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The block length of a variable AV block is recorded in
5 the variable-length AV block table shown on the right-hand side of
the drawing. The table, replacing the last block-length table
shown in FIG.5, includes, for each variable AV block, a block
number and the number of effective ECC blocks. As shown in the
drawing, in the AV block management table, AV blocks with the
10 variable-length .bit are represented by boxes with slant lines.
The number of effective ECC blocks for each of these variable-
length AV blocks is recorded in the wvariable-length AV Dblock
table. With such an arrangement in which the variable-length AV
block table includes, for each variable AV block, a block number
15 and the number of effective ECC blocks, .-it is possible for the
file system to refer to the variable-length AV block table using
the AV block number when managing the Av blocks with wvariable-
length flag in the AV block management table. Also, the third
construction example, compared with the second construction

20 example, has a reduced size of the AV block management table.
When the physical size of each AV block is set as
variable-length, it is possible to perform the mapping of the
sectors and the AV blocks without difficulty by recording the
sizes of all the AV blocks in the wvariable-length AV block table.

25 it is further possible to perform the mapping of the sectors and
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of a plurality of pieces of two-byte data which each correspond to
one AV block. Each piece of two-byte data indicates the number of
10 files recorded in the AV block, as well as the-assignment status.
The upper four bits are used for representing the assignment
status of the AV blocks as described in the present embodiment.
The lower 12 bits indicate the number of files. Here, the number
of files is 4095 at the maximum. Therefore, it is possible to
15 - record 4095 files in one AV block.
1 1
Here, the lower 12 bits are referred to as a counter.
Each counter corresponds to one AV block. It may happen that one
file is divided and recorded in a plurality of AV blocks when the
file is AV file generally having a large size or due to the area
20 assignment even in case of a non-AV file generally having a small
size. In this case, the counter regards a part of a file recorded
in the AV file as one file. That is to say, whether the AV file
includes a whole file or a part of a file, each case is recognized

as one file by the counter. Also, when a file is divided and

25 recorded in a plurality of extents in .one AV block, the file is
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block as unassigned when confirming by referring to the space bit
map that all the sectors included in the AV block are unassigned.
As understood from this, in the present embodiment, to release an
AV Dblock, the space bit map is referred to. However, when the AV

10 block management:table includes counters as shown in FIG.34, it is
possible to release an AV block for non-AV data when the counter
is "0." This eliminates the necessity for referring to the space
bit map. It is needless to say that the space bit map should be
updated each time data is deleted from any sectors.

15 The second merit is that it becomes easier for a
plurality of files to coexist in Sne AV block for AV data. The
term "coexist" indicates a case in which one AV file is divided
into a plurality of AV files by editing not that an AV file is
added to an AV block in which another AV file has already been

20 recorded. In this case, it is possible by using the counter to
detect the presence of a plprality of AV files in an AV block and
to release an AV block when the counter is "0."

In reality, it is enough to take into account a case

where two files coexist in one AV block. In this case, it is

25 enough to set a flag, instead of a counter, indicating "coexist"
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to use the variable-length bit described in the third construction
example. Furthermore, it will also be possible for the AV block
management table to additionally include the size of AV block if

10 the size of the dafa for each AV block is increased to three bytes
or more.

FIG.35 shows the fifth construction example of the AV
block management table.
In the present embodiment, the last AV block in each

15 zone has a variable length so as not a zone boundary is within one
.AV block. ' In the fifth construction example, each AV block has a
fixed length of about 7MB, and AV biocks are arranged from the
start of the disc in order. 1In this case, like the AV blocks
represented by slant lines in FIG.35, some AV blocks may include

20 a zone boundary. It is impossible to secure the uninterrupted
reproduction for the AV blocks including a zone boundary.
Therefore, it is required to manage the information indicating
whether each AV block includes a zone boundary. For this purpose,
the fifth construction example allows the AV block management

25 table to have a flag indicating whether each AV block includes a
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hlS case, the file system unit assigns three consecutive

AV blocks whose center AV block having a zone boundary to one AV
file, and does not assign one AV blogk having a zone boundary to
10 one AV.file. With this arrangement, it ig possible to ensure the
uninterrupted reproduction even if an AV file is recorded into the
AV block having a zone boundary.
When it is presumed that only non-AV files can be
recorded in the AV blocks including a zone boundary, the same
15 number of AV blocks as the number of. zone boundaries, that is 24
AV blocks should be prepared for the non-AV files. The total
capacity of the 24 AV blocks amounts to 164MB. That means, the
capacity of the a?ea in whiéh AV files can be recorded reduces.
As a result, it is desirable for the file system unit 102 to
20 manage the above-described three consecutive AV blocks together
for each zone boundary.
It is also possible for the AV block management table
shown in FIG.6 to include a discontinuous flag which indicates
that the AV blocks before and after a zone boundary are not

25 consecutive. With this arrangement, it will be easier for the
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advance, with the set having a predetermined size, the mixed
presence of the AV blocks for AV data and non-AV data is
prevented. This makes it easier to assign consecutive areas to AV
data.

10 When a disc having been written by an AV file system is
not compatible with discs having been written by another type of
file system, and when the disc is accessed only by the AV file
system, it is possible to write as "aséignéd" the statuses of the
sectors in which AV data has actually been recorded, not the

15 statuses of ‘all the sectors included in AV blocks whose statuses
rare written as "for AV data." This makes it easier to manage the
unassigned areas in the AV blocks.

In the present embodiment, the statuses of all the
sectors included in an AV block for AV data are written as

20 "assigned." However, only the statuses of the sectors in which AV
data has actually been recorded may be written as "assigned."
This makes it easier to manage the unassigned areas in the AV
blocks though compatibility between discs having been written by
the AV file system and another type of file system is somewhat

25 lost.
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pseudo consecutive records, instead of the AV blocks, are assigned
to AV data to be recorded, and that (2) pseudo consecutive record
assignment management information is used instead of the AV block
management table. The differences (1) and (2) are described below

160 in detail.

With regard to the above difference (1), in Embodiment
1, the entire data recording area is almost fixedly divided into
AV blocks each with a fixed length in advance whether AV data has
been recorded or not in the.area. In contrast, in Embodiment 2,

15 AV blocks are not used. Instead, areas called pseudo consecutive
records are dynamically assigned: to AV data, each pseudo
consecutive record having a size greater than the fixed length
described in Embodiment 1.

With regard to the above difference (2), in Embodiment

20 1, one AV block management table is used to manage the assignment
states of all the AV blocks. In contrast, in Embodiment 2, the
pseudo consecutive record assignment management information for
managing the pseudo consecutive record is recorded on the disc for

each AV file.

25 Accordingly, FIGs.1-3 and 8-12 used in Embodiment 1 also
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table shown in FIG.6 1is not used in Embodiment 2, the sector
management table (space bit map) is used as well.

(2-1-1) Pseudo Consecutive Record

10 Each AV file in the present Embodiment is composed of
one or more pseudo consecutive records to ensure the uninterrupted
reproduction. The "pseudo consecutive record" is defined as an
area recording AV data or the AV data recdrded in the area, where
the AV data may be whole or partial, has a size greater than a

15 .'size that ensures a consecutive reproduction, and the area is
composed’ of consecutive sectors or ECC blocks. However, the
skipping by the ECC block skip method is counted in for the
consecutive sectors or ECC blocks.

According to the ECC block skip method, when a defective

20 sector which causes an address error or the like is detected, the
ECC block including the defective sector is skipped and data is
written into the next ECC block. This method is more suitable for
the consecutive reproduction of AV data than the linear
replacement method in which when a similar defect sector is

25 detected, data is written into a sector in a replacement area
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L' 10%& (s SF10#& () o], "a 0%, fégﬂéggﬁzbﬁﬁgﬁi integer. The start sector
of each pseudo consecutive record is the start sector of one of
the ECC blocks. That is to say, each pseudo consecutive record is
located within a single zone. The minimum size of the pseudo
consecutive record is set to 224 ECC blocks (about 7MB) to ensure
10 the consecutive.'reproduction of AV data, as in the AV block in
Embodiment 1.

The pseudo consecutive record assignment management
information showing an assignment result of a pseudo consecutive
record is generated and recorded for each AV file. The pseudo

15 consecutive record assignment management information may  be
recorded in the start of the correéppnding AV file. However, in
the present embodiment, the information is recorded as non-AV
files respectively corresponding to the AV files. The pseudo
consecutive record assignment management information has a list

20 structure.

(2-1-2) Assignment of Pseudo Consecdtivé Records

Each piece of pseudo consecutive record assignment
management information (also referred to as management
information) corresponds to an AV file and shows areas on the disc

25 which are assigned as pseudo consecutive records to the current AV
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IG 36A shows a spec1f1c example of the management
information. FIG.36B shows a space bit map corresponding to the
management information shown in FIG.36A.

In FIG.36RA, the management information is described as

a table including entries el and e2. Each entry includes, from

10 left to right in 'the drawing, a start sector number (LSN: Logical

Sector Number), an end sector number, and an attribute. Attribute

"0" indicates a pseudo consecutive record; attribute "1" indicates

an unassigned area. In the present example, the attribute is
always "0."

15 - The area identified by the start and end sector numbers

Zspecified-by each entry indicates a series of sectors which has

been assigned as a whole or a partial pseudo consecutive record.

Here, a relationship between the pseudo consecutive

record and the extent which is managed in the file system is

20 described. The pseudo consecutive records and the extents

correspond to each other in a one-to-one relation when the extent

does not outstep a zone boundary; a plurality of pseudo

consecutive records correspond to one extent when the extent

outsteps a zone boundary. For example, when an extent outsteps a

25  zone boundary, two pseudo consecutive records are formed before
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the drawing, bits corresponding to sectors (sector numbers 6848-

15983) of pseudo consecutive area #1 are all "0" indicating
"assigned." It is desirable that the management information and
the space bit map are managed together so that they reflect each

10 other,; although they use different units to indicate the
assignment states of the data area. The optical disc recording
apparatus sets the bits in the space bit map corresponding to
sectors assigned as pseudo consecutive areas to "0" indicating
"assigned."

15 (2-2) Recording/Reproducing Apparatus

Here, the optical disc recording/reproducing apparatus
of Embodiment 2 is explained.

(2-2-1) System and Hardware Structure

Embodiment 2 uses the same structures as Embodiment 1
20 in terms of the system structure shown in FIG.14, the hardware
structure of the DVD recorder shown in FIG.15, the structure of
MPEG encoder 2 shown in FIG.1l6, and the structure of MPEG decoder

4 shown in FIG.17.
Embodiment 2 differs from Embodiment 1 in that (1)

25  pseudo consecutive records, instead of the AV blocks, are assigned
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FIG.37 1is a function block diagram showing the

construction of the DVD recorder 10 of Embodiment 2 based on the
functions of the components. Each function shown in the figure is

10 achieved after the CPU la in the control unit 1 executes the
program in the main memory 1d to control the hardware shown in
FIG.14.

In FIG.37, reference numerals'similarly'numbered as
those in FIG.18 for Embodiment 1 designate like components, and a

15 ‘recounting -of their function will be omitted from the description
:of this embodiment.

Embodiment 2 differs from Embodiment 1 in that the file
system unit 102, recording/ editing/ reproducing/ control unit
105, and AV data recording unit 110 shown in FIG.18 are not used,

20 but a file system unit 202, recording/ editing/ reproducing/
control unit 205, and AV data recording unit 210 are wused
instead.

The file system unit 202 differs from the counterpart
in Embodiment 1 in that it includes an AV file system unit 203 and

25 a common file system unit 204 instead of the AV file system unit
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@O0% & ()-1: $10@6&T() Y¥d0% & ()- C&UE:/ 10-y
file system unit 104 only in that the WRITE command is used to
write AV data as well as non-AV data onto the disc. That is, the
file system unit 202 does not discriminate between AV data and
non-AV data, but deals with them equally. The AV data and non-av
10 data are treated differently by the AV data recording unit 210, AV
data editing unit 220, and AV data reproducing unit 230.

The AV data recording unit 210, AV data editing unit
220, and AV data reproducing unit 230, respectively on receiving
a recording request, an editing request, and a reproducing request

15 from the recording/ editing/ reproducing/ control unit 205, issues
necessary commands to the AV file system unit 103.

The AV data recording unit 210, on receiving a recording
request from the control unit 205, issues a command necessary for
the requested recording to the AV file system unit 103, and also

20 creates or updates the management information shown in FIG.36A.
More specifically, the AV data recording unit 210, on receiving a
recording request, searches for unassigned areas by referring to
the space bit map and the management information, assigns an area
having a size greater than the earlier-mentioned fixed length of

25 about 7MB, and also creates a new piece of management information
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management
information for the newly assigned area.

(2-3-1) Recording of AV Files

Recording of AV files in the DVD recorder 10 is
described in detail.

10 FIG.38 is a flowchart showing the recording process in

the DVD recorder of the present embodiment.
When the user presses the RECORD button or when the
"current time" reaches the start time of."programméd recording,”
a notification of recording start is sent to the recording/
15 . editing/ reproducing/ control unit 105 via the user IF unit 106.
On receiving the notific;tion, the control unit 105
! assigns an area having a size greater than the predetermined size
(about 7MB) as a pseudo consecutive record (step 380). More
specifically, the control unit 105 refers to the space bit map and
20 the management information to detect unassigned consecutive sector
areas. The control unit 105 then aésighs the detected unassigned
consecutive sector areas as a new pseudo consecutive record. In
doing so, when other AV data has already been recorded in the disc
and when the AV data to be recorded continues from the existent AV

25 data logically, the control unit 105 assigns a consecutive
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ensuring” quality specified as the recording condition to the AV
data recording unit 210. The AV data recording unit 210 instructs
the MPEG encoder 2 to start encoding the video and audio data of
a predetermined channel received 'thrqugh the receiver 9 and
10 transferring the encoded MPEG data to the track buffer 3a (step
381). |
The recording/ editing/ reproducing control unit 105
issues the CREATE command specifying the newly assigned pseudo
consecutive record to the common file system unit 204 (step 382).
15 On receiving the command, the common file system unit 204 returns
a new file identification descriptor when it is possible to create
) a file in the newly assigned pseudo consecutive record.
After the above process, the AV data recording unit 210
issues the OPEN command to the AV file system unit 203 (step 383)
200 to allow the AV file system unit 203 to store the file
identification descriptor given by the control unit 105 and
information on the file entry into a work memory (not illustrated)
(the information stored in the work memory is also referred to as

"Fd" (File descriptor).

25 The AV data recording unit 210 issues the WRITE command
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10s, 4ﬁ¥9ﬂ58&bgkﬂ@@ﬁ%59§ by @RA08PE tbmand as described above; the

10

15

size of data to be recorded; and a buffer (in this embodiment, the
track buffer 3a)'storing the data.

The Fd specified by the parameter includes, as the file
entry does, information of a storage position of an extent and a
length of the extent. The information'represents the pseudo

consecutive record assigned in the step 380. The Fd is updated

'évery time.the WRITE command is issued during the period between

"the opening and closing of the Fd. For the second or a subsequent

20

25

issue of the WRITE command, new dafa is édditionally written,
following the already-recorded data.

On receiving the stop instruction (step 384), the AV
data recording unit 210 issues the WRITE command (step 387). The
AV data recording unit 210 then issues the CLOSE command (step
388). The AV data recording unit 210 further informs the AV file
management information generating unit 112 that a recording of an
AV file (VOB) has ended (step 389). The AV data recording unit

210 then refers to the Fd (extent) of the recorded AV data to
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in step 387 to record onto the disc the rest of the data in the
10 track .buffer. Also, the CLOSE command issued in step 255 is a
command used to write back the Fd in the work memory onto the DVD-
RAM disc as a file identification descriptor, a file entry or the
like on the DVD-RAM disc.
As apparent from the above description, when recording
15 AV data, the DVD recorder of the present embodiment dynamically
assigns areas as pseudo consecutive records by referring to the
space bit map and the management information. As a result,
compared with the DVD recorder of Embodiment 1, the DVD recorder
of the present embodiment can use the data area on the optical
20 disc more effectively since the data area does not include AV

blocks which are logically divided sections.

(3) Embodiment 3

Embodiment 3 differs from Embodiment 2 in that (1) the
minimum size of the pseudo consecutive record can be dynamically

25 changed, and (2) the pseudo consecutive record assignment
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fixed length of about 7MB to ensure the consecutive reproduction

of AV data.

10 With regard to the above difference (2), the DVD
recorder 10 of the present embodiment does not use the management
information. Instead, the DVD recorder 10 searches for unassigned
areas by referring to the space bit mép to'assign areas as pseudo
consecutive records to AV data to be recorded.

15 (3-1) Minimum Size of Pseudo Consecutive Record

.First, the reason for determining the minimum size of
; the pseudo consecutive record as mentioned in the above difference
(1) is explained.

FIG.39 shows a model of buffering of AV data into the

20 track buffer, the AV data being read from the DVD-RAM disc by a

reproduction apparatus reproducing a video object. This model is

created based on minimum specifications required for the

reproduction apparatus. As far as these specifications are
satisfied, the uninterrupted reproduction is ensured.

25 In the upper part of FIG.39, the AV data read from the
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The lower part of FIG.39 is a graph showing the change

ir the data amount of the track buffer in this model. In the

10 graph; the vertical axis represents the data amount of the track
buffer; the horizontal axis represents time. The graph is based
on the premise that a pseudo consecutive record #j that has no
defective sectors and a pseudo consecutive record #k that has a
defective sector are read in the order.

15 The "T1" represents a time taken for reading out the
entire AV data recorded in the pseudo consecutive record #j that
has no defective sectors. 1In this period T1l, the data amount of
the track buffer increases at the rate of (Vr-Vo).

The "T2" (also referred to as a jump period) represents

20 a time taken by the optical pickup for jumping from the pseudo
consecutive record #j to #k. The jump period includes the seek
time of the optical pickup and the time required for the rotation
of the optical disc to be stabilized. The maximum jump period is

equal to the time taken for jumping from the innermost circuit to

25 the outermost circuit. In this model, it is presumed that the
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defective sector and moving to the next ECC block. The skipping

to the next ECC block is performed Qhen even one defective sector

10 is found in the current ECC block (16 sectors). That means, when

a defective sector is found, the problem of the defective sector

is solved by not using the whole ECC block (all 16 sectors)

including the defective sector, not by logically replacing the

defective sector by a replacement sector (replacement ECC block).

15 This method is. called EC& block skip method which has been

described earlier. The period T4 represents a disc rotation wait

time, where the maximum disc rotation wait time is equal to one

complete rotation time of the disc. In this model, it is presumed

that the maximum disc rotation wait time is about 105mS. 1In the

20 periods T3 and T5, the data amount of the track buffer increases

at the rate of (vVr-vo). In the periods T4, the data amount
decreases at the rate of Vo.

The size of the pseudo consecutive record is represented

as "N__ecc*16*8*2048," where the "N_ecc" represents the total

25 number of ECC blocks included in the pseudo consecutive record.
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data (not to generate the underflow), the following formula need

10 be satisfied.
<Formula 6>
(storage amount B) 2{(consumption amount R)
The storage amount B is the amount of data that has been
accumulated in the track buffer at the end of the period Tl. The
15 consumption amount R is the total amount of dgta read during the
period T2.
The storage amount B is éélculated using the following
formula.
<Formula 7>

20 (storage amount B) = (period T1)*(Vr-Vo)

(read ocut time of one pseudo

consecutive record)* (Vr-vo)

(L/Vx)* (Vr-Vo)

(N_ecc*16*8*2048/Vr)*(Vr-vo)

25

(N _ecc*16*8*2048)* (1-Vo/Vr)
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(consumption amount R) = T2*Vo
Replacing both sides of the Formula 6 respectively by
Formula 7 and Formula 8 gives us the following formula.
<Formula S>
10 (N_ecc*16*8%2048)* (1-Vo/Vr) 2 T2*Vo
From the Formula 9, it is derived that "N__ _ecc"
representing the total number of ECC blocks included in the pseudo
consecutive record should satisfy the foliowing formﬁla to ensure
the uninterrupted reproduction of the AV data.
15 '?Formula 10>
- N_ecc Z Vo*Tj/((16%8*2048)* (1-Vo/Vr))
In this formula, "Tj" represents the jump period that
has been described earlier. The maximum jump period is about 1.5
seconds. "Vr" is a fixed wvalue (In the reproduction apparatus
20 model shown in the upper part of FIG.39, Vr=11Mbps). Also,
considering that the video object is represented by a variable bit
rate, "Vo" is obtained from the following Formula 11. That is,
"Vo" is obtained from Formula 11 not as the maximum value of the

physical transfer rate of the track buffer output, but as a

25 substantial decoder input rate for AV data represented by a
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In the above formula, "SCR_first_current" is a time (in

10 1/(27mega) seconds) at which the track buffer of the reproduction

apparatus should output the first pack of the video object, and

SCR_first next is a time (in 1/(27mega) seconds) at
which the track buffer of the reproduétioﬁ apparatus should output
the first pack of the following video object.

15 As shown in the above Formulas 10 and 11, the minimum
size of the pseudo consecutive record can. theoretically be
calculated in accordance with the bit rate of AV data.

Formula 10 cannot be applied to a case where any
defective sectors exist on the optical disc. Such a case 1is

20 explained below in terms of the value of "N_ecc" required to
ensure the uninterrupted reproduction, the "N_ecc" representing
the number of ECC blocks in the pseudo consecutive record.

It is presumed here that the pseudo consecutive record

includes ECC blocks with defective sectors the number of which is

25 represented as "dN_ecc." No Av data is recorded into the dN_ecc
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S, #'19%§N%4)nté?¥ﬁg%%d reproduction of the AV data even if defective
sectors are included, the pseudo consecutive record need to
include as many ECC blocks as represented by the following

10 formula.
<Formula 12>

N _ecc & dN_ecc + Vo* (Tj+Ts)/((16*8*2048)*(1-Vo/Vr))

As apparent from the above description, the size of the
pseudo consecutive record is calculated from Formula 10 when no

15 defective sector is included, and from Formula 12 when any
'_defective:sectors are included.

It should be noted here that when an AV data sequence
is composed of a plurality of pseudo consecutive records, the
first and last pseudo consecutive records need not satisfy the

20 Formula 10 or 12. This is because the last pseudo consecutive
record has no subsequent AV data,.and that the uninterrupted
reproduction between the first and second pseudo consecutive
records is ensured by delaying the timing of the decode start,

namely by starting supplying data to the decoder after the track

25 buffer stores a certain amount of data.
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same as FIG.38 except that the step 380 is replaced with step 400

*+

and the step 390 is deleted.
The flowchart of FIG.40 is described concentrating on
the differences.
10 : When the user presses the RECORD button or when the
"current time" reaches the start time of "programmed recording,"
a notification of recording start is sent to the recording/
editihg/ reproducing/ control unit 105 via the user IF unit 106.
On receiving the notification, the control unit 105
15 assigns an area having a size greater than the above-described
minimum size as a pseudo consecutive record. (step 400). More
specifically, the control unit 105 calculates the actual bit rate
of the video object using the Formulas 10 and 11. However, here,
a predetermined size satisfying the minimum size may be used
20 instead for the sake of conveniences. The control unit 105 refers
to the space bit map and each allocation descriptor of the file
management area to detect unassigned areas on the optical disc,
creates a free space list showing the detected areas, and assigns
an area among the detected areas which is larger than the minimum

25 size as a pseudo consecutive record. In doing so, an area
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the drawing indicates that the corresponding area is not
assigned.,

10 Presuming the minimum size is determined to be about 7MB
(3500 sectors), it is found that unassigned area cl is smaller
than this value, and unassigned areas c2 and c3 are both greater
than this wvalue. In this case, the recording/ editing/
reproducing/ control unit 105 assigns the unassigned areas c2 and

15' c3 as pseudo consecutive records.

The same steps as FIG.38 follow the above step. it
should be noted here that when reﬁording AV data, the AV data
recording unit 210 uses the unassigned areas located on the
innermost side first by referring to the free space list, followed

20 by the unassigned areas in order from the innermost to the
outermost areas of the optical disc. Also note that the free
space list is not recorded on the optical disc.

FIG.42 1s a flowchart detailing the procedﬁre of
assigning the pseudo consecutive record performed in the step 400

25 of FIG.40.
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The control unit 105 creates the free space list based
on the detected unassigned areas (step 422). 1In doing so, an area
including a zone boundary is treated as two unassigned areas,
before and after the zone boundary. It should be noted here that

10 the control unit 105 judges whether an area includes a zone
boundary by inquiring the AV file system unit 103, that is, by
issuing the SEARCH DISCON command shown in FIG.21. The positions
of zone boundaries on the optical disc are fixedly set in advance,
and are stored and managed by the AV file system unit 103.

15 Furthermore, the control unit 105 depermines the minimum
size of the pseudo consecutive record using thg Formulas 10 and.11
(step 423). Here, when defective sectors are found, the control
unit 105 uses the Formulas 12 and 11. To simplify this process,
the control unit 105 may determine the minimum size of the pseudo

20 consecutive record using a bit rate of AV data determined in
advance in compliance with the picture quality (e.g., a gquality
classified into "high, "standard," and "and "time-ensuring" shown
in FIG.24), an expected rate of defective sectors, and a margin.

The recording/ editing/ reproducing/ control unit 105

25 then assigns an area among the detected areas which is larger than
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recorder of the present embodiment dynamically assigns unassigned
areas as pseudo consecutive records by referring to the space bit
map and each allocation descriptor of the file management area.
As a result, different from Embodiment 2, the DVD recorder of the
10 present embodiment dynamically assigns pseudo consecutive records
for recording AV data, without recording the pseudo consecutive
record assignment management information.
It should be noted here that in-Embodiment 3, the free
space list is created for each recording. However, the DVD
15 .recorder may create the free space list when the optical disc is
- loaded into the optical disc drive, and may update the free space
list each time the DVD recorder records AV data.
Also, the DVD recorder may create and record the free
space list onto the optical disc, refer to the recorded free space
20 list before recording AV data, and update the list after the
recording of the AV data.
The present invention has been fully described by way
of examples with reference to the accompanying drawings, it is to
be noted that various changes and modifications will be apparent

25 to those skilled in the art. Therefore, unless such changes and
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As apparent from the above description, the optical disc

5 recording apparatus of the present invention is suitable for
recording AV data onto a random-access optical disc and ensuring
uninterrupted reproduction by a reproduction apparatus. The
optical disc of the present invention is suitable for recording AV
data +fto ensure- uninterrupted reproduction by a reproduction

10 apparatus. The computer-readable recording medium of the present
invention is run on a computer including a recording/ reproducing
unit for optical discs, and is suitable for recording AV data to

ensure uninterrupted reproduction.
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objects on an optical disc, wherein

a recording area of the optical disc is divided into a
plurality of blocks, each of which is composed of a set of
N_sec consecutive séctors, each sector having a size of

S_size Dbytes,

the optical disc records sector information showing data

assignment for each sector on the optical disc,
said optical disc recording apparatus comprising:

a reading unit operable to read the sector

information from the optical disc;

a detecting unit operable to detect a series of
consecutive unassigned sectors on the optical disc by
referring to the read sector information, a total size of
the series being no smaller than a predetermined size that
cérresponds to a data amount that ensures the reproduction
apparatus for uninterrupted  reproduction of the video

object; and
a recording unit operable to divide and record a
video object onto two or more series of consecutive

unassigned sectors detected by the detecting unit, and

the predetermined size is the number of blocks which

is represented as "N" in the following formula:

N=Vo*Tj/(N_sec*8*S size)*(1-Vo/Vr)),
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comprising

unit operable to generate management information showing
areas of the optical disc where the video object has been

recorded by the recording unit.

3. An optical disc recording method for recording wvideo
objects on an optical disc for use with a reproduction

apparatus, wherein

a recording area of the optical disc is divided into a
plurality of blocks, each of which is composed of a set of
N _sec consecutive sectors, each sector have a size of

S_size bytes,

the optical disc records sector information showing data

assignment for each sector on the optical disc,
said optical disc recording method comprising:

a reading step for reading the sector information

from the optical disc;

a detecting step for detecting a series of
consecutive unassigned sectors on the optical disc by
referring to the read sector information, a total size of
the series being no smaller than a predetermined size that

corresponds to a data amount that ensures the reproduction
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a recording step for dividing and recording a video
object onto two or more series of consecutive unassigned

sectors detected in the detecting step, and

the predetermined size is the number of blocks which

is represented as "N" in the following formula:
N=Vo*Tj/ (N_sec*8*S size)*(1-Vo/Vr),

where "T3j", represents a maximum Jjump time of an
optical pickup of the reproduction apparatus, "Vr"
represents an input transfer rate of a track buffer of
the reproduction apparatus, and "Vo" represents an

effective output transfer rate of the track buffer.

The optical disc recording method of claim 3 further

comprising

a step for generating management information showing areas
of the optical disc where the video object has been

recorded in the recording step.

A computer-readable recording medium recording a program
for recording video objects on an optical for use with a

reproduction apparatus, wherein

a recording area of the optical disc is divided into a
plurality of blocks, each of which is composed of a set of
N_sec consecutive sectors, each sector having a size of

S_size bytes,

the optical disc records sector information showing data

assignment for each sector n the optical disc,
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the series being no smaller than a predetermined size that
corresponds to a data amount that ensures the reproduction
apparatus for uninterrupted reproduction of the video

object:; and

a recording step for dividing and recording a video
object onto two or more series of consecutive unassigned

sectors detected in the detecting step, and

the predetermined size is the number of blocks which

is represented as "N" in the following formula:
N=Vo*Tj/(N_sec*8*S_size)*(1-Vo/Vr)),

where "Tj" represents a maximum Jjump time of an
optical pickup of the reproduction apparatus, “Vr"
represents an input transfer rate of a track buffer of the
reproduction apparatus, and "Vo" represents an effective

output transfer rate of the track buffer.
6. The computer-readable recording medium of claim 5, wherein

the program further cause the computer to execute a step
for generating management information showing areas of the
optical disc wherein the video objection has been recorded

in the recording step.
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said optical disc recording apparatus comprising:

a reading unit operable to read the sector

information from the optical disc;

a detecting unit operable to detect a series of
consecutive unassigned sectors on ‘the optical disc by
referring to the read sector information, a total size of
the series being no smaller than a predetermined size that
co;respopds to a data amount that ensures the reproduction

apparatus for uninterrupted reproduction of the video

object; and

a recording unit operable to divide and record a
video object onto two or more series of consecutive

unassigned sectors detected by the detecting unit, and

the predetermined size is the number of blocks which

is represented as "N" in the following formula:
N=Vo*Tj/ (N_sec*8*S_size)*(1-Vo/Vr)),
wherein “Tj" represents a maximum Jjump time of an

optical pickup of a reproduction apparatus, "Wr"

represents an input transfer rate of a track buffer of the
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reproduction apparatus, and "Vo" represents an effective

output transfer rate of the track buffer.

The optical disc recording apparatus of claim 7 further

comprising

unit operable to generate management information showing
areas of the optical disc where the video object has been

recorded by the recording unit.



