o ] " _"abcde3eDX6TTtQ ' _ DESCRI PTI ON OPTI CAL DI SC RECORDI NG APPARATUS,
COVPUTER- READABLE RECORDI NG MEDI UM RECORDI NG A FI LE MANAGEMENT PRGGRAM AND
OPTICAL DISC 5 FIELD OF THE I NVENTION This invention relates to an opti cal
di sc recordi ng apparatus, a conputer-readabl e recording nediumrecording a
file managenment program and an opt] ' BACKGROUND OF THE | NVENTI ON
1o Recently, recording nediuns sucﬁﬁ%gﬁﬁﬂgﬁgﬂﬁ optical discs (M) have been
wi dely used for recordin% data to be read by conputers. Currently,
practical uses of DVD ( BFFICRAL RrS{atBEEORY -££R$Hﬁgg§rare wai ted for due
to general expectation that DVD-RAMS will becone a nmain recordi ng nmedi um of
t he next 1s gener dfOMRUTER-BBADARLEORECORDING MESIMN REGQRIONE) or FD
(Flexible Disc), the mnimumunit in accessing data on discs is "sector"
havi ng several kil gbyires MPAAGHMENT iFROGRAN JdeRND NOPDECAL DUOBE 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). A
file systemis defined, for According to a conventional technique, for
exanpleggggggégggghggggzﬁﬁi%éﬁ of 200KB onto a recordi ng nmediumw th 2KB
sectors; 00 unassi gned sectors on the recording
medi um The 100 unassi gned sectors need not be s physjcally, consecutive.
For exanple, when F8&P SEPFHtEYyr 56pE tREspelt ARel PHEGFhgd3EC 3H°CRHILRAd
10 unassi gned sectors axe found on the recording nmedium the fileis
di vi ded aRRaraties f odr cogRpupsroreadabbes repaeRlipgr mesiiumher §¢9 ARG o2 dédilen
each group of sectors, nanely each group of consecutive sectors, is called
management program, and an optical disc.

4

i

BACKGROUND OF THE INVENTION

10 Recently, recording mediums such as magneto optical
discs (MO) have been widely used for recording 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. AR
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s "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 nedium can be used efficiently even after recording
and deleting of files on the mediumare i5 repeated a nunber of tines.

However, conventionakcb@aohdi A dMRUnyehtanhal Lt%c%ibﬁ@, Fave eRaRbBl, efhen
that uninterrupted reproduction of audio/video data (hereinafter referred

to as AV orded. t di i red...20 re

specificéﬂﬁ&?2%£§§ Fécg%g?néngngﬁggpefggaggg g§$%§9§gﬁ ?@%or |n§gﬁ%§iagg_

are repeated several tines, the AV at@ ngﬁgnot be recorded in consecutiyve
r

sectors. SHEMP datePIREE S dftisted T2A r dBR2FRENE %Y GRSIFPEY oPR  the

extents, as descri bed above. Wen this happens, the reproduction apparatus
cannot 2FeRMERT uReftidit upt edheeplB8ucEnNepsSsenele AVCHRES dBEefo BOSeeke?
operation of an optical pickup that occurs as the optical pickup noves

bet ween thygicalklytgonteentines. For ewxanpls, wikena fosek ssparatdegweerpsa
sector at the innernost periphery and a sector at the outernost periphery

of a s dirsspddEeieery¥ hakBnaMBOt S30p SBverahdhuondrneta gsighe@cerdtodd gase
of nmoving i mages, such a seek of several-hundred mlliseconds interrupts

reproduCtdfih i 6 o K EPEQAYEA TG He L ARPSLRET £39800d I YIRMUA Btk  OFne four

reproduction of noving iInages. escri ove, uninterrupted
r eproductj_on y_pot to be ensured by conventianal file systens. This is
copeci al [ S R B R EFET em FArnReLtPhr T8s taqsh SES AN RAV 7P i ShOUP
like VIR, a plurality of pieces of AV data e.g., TV prograns) can be
recordedP@Hé%%ﬂ?r%ndnaﬁﬁiyeﬁgcpeﬂioqﬁ ShouPUS BEUF eMENGEF S retof @t hgd
medi uns can 15 al so record conputer data, as well as AV data. Accordingly,
part t®ul arexiaihti on shoul d be paid on how to efficiently store both types
of data on a disc. DI SCLOSURE OF THE | NVENTI ON

In such a conventional technique, files can be divided

and recorded into a plurality of extents. This provides 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 repeated a number of times.

However, conventional recording mediums and file systems
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



it is therefore an object of the present invention to 20 provide an opti cal
di sc recordi ng apparatus, a conputer-readable recording nediumrecording a
file managenent program and an optical disc which ensure uninterrupted

f eproduction of AV data and record various types of data including AV data

togeth i gie I The V& a d
di sc re dg%gééppgrg ué §Cal 2’5@R§b a VI é%m% 7 g? gﬁgaﬁgﬁptlcalﬁﬁﬁﬁp
where a recordl are ptical_disc is d|V|ded into a plurality of
zones dﬁﬁ%%seQEEgFﬁEIgHE BEHFGg&FWtf o X HcEnt s tracks, and includes
sector information show ng data assignnment for sectors on the optical disc,
the optical disc FegoreFaFpleppanenud iSeekuPOsyr sa bedagieRg aumectosr ateadding
the sector information fromthe optical disc: a recording unit for
recor diimgnéetmostdperbvpheety anto at seaun ct thscoubatdmastoperdiphery dbra i
o controlling the ' reading unit and the recording unit, where the control
unis: dei&€} stak beasgt tene %&Uu@&sOftd?mﬁﬁl%M@ﬁéalﬂﬂ@dl&%@b@xrcﬁs on the
optical disc by referring to the .read sector information, each series
having &,l0t3¢ mbdfn rfx@atcfiés B E&Hbrﬁ dndudpurg 's?e‘%reaﬂhfiﬁﬁlrﬂ:&éoo‘i@h qhé’ééé’d&k a
single zone, the mn S 'size correspon ng to a ta anmount t
ensur es, unlnterrupted rﬁgroductlon of_the |deo gb g and _control s he
d&f8

recordlﬁﬁ TIPS TEREY ??ﬁPQn§ﬁﬂF?ﬂﬁ?Rﬁ° Rrdeh CE8dPS&r iSEE°

t he above construction, the video object, is recorded in a series of
consecﬂ?@‘élﬁﬁésg’ﬁnéﬂpﬁét@ﬁé% o t“Wé’leg titagesi ze greater than a
predeterm ned size, the series without including a zone boundary. This is

achi eved by sear cli‘isngle@fcrs'mqi akzurd einteonsepted veepnadvcaon segt ovat
prior to the recording of the video object onto the optical disc. The
pr edet eseri saduzicze by séhventibablt Ifd Leni syetenpt ed Thepr adsicéspecialaysw ed
in any 25 types of reproduction apparatuses. As a result, the video object
4 serious problem for mass storages such as DVD-RAM on which, like
VTR, a plurality of pieces of AV data (e.g., TV programs) can be
recorded, edited, and deleted.
Here, it should be reminded that recording mediums can
15 also record computer data, as well as AV data. Accordingly,

particular 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.



recorded by the present optical disc recording apparatus is reproduced by

any types of reproduction apparatuses w thout gaps in the reproduced video

and audi o i mages (without mssing frames). Al so, the record area is divided

into a plurality of zone areas to 5 realize rotation control called Z-CLV

(Zone- Constant Lingar VEIRAl 1Yo AN ng 4 eqardidng Andhy eRrodyalison., By, dol ng
Wi t C ||C|ng%%e

so, a qualified recording efficience i's achi éve out” sa

recordi ng density of the outernost perjphery of .the gptical disc. Al so, the
Uni nt er FEECEATS RRRATT TS | LO8&HOBF e e { RbITP dSB IS obyRcRIdGRE il
outstep the zone boundary. In the above .optical disc recordi ng apparatus,

t he rec8i@FngVAeEe & NAFOTSHNT AreR K nElye bePti G2 HediFft &Sadpviddad tintet
2KB sectors, with each set of 16 consecutive sectors form ng one ECC bl ock
t he vi deopdhjrecltity ebnposes whiahplearcal iinclofdel ;. pakksal baghofaekl jleananty a
size of 2KB, the mninumsize is the nunber of ECC bl ocks which is
reprseseftaekas "decRiciudddeséetbewingohr@iz®ilodr showing data assignment

N ecc=Vo*Tj/((16*8*2048)*(1-Vo/Vr)), where "Tj" represents a naxi mum j unp

time of opt J pigku f duygtd on ar 1 Vrds £ epr. ;
i nput th%sf%bgglfTé Zd(%}((ﬁlggs)g%?fgét?r g%kécﬁ'uf HrQ o} %j %a]r'epo}log uctr%c%%ry&[?gn
apparatus, _and "Vo'_ represents_an_effective output transf.er rate (M of
Che L roBROBAARES. PERCHABCAbote FORAETHCIBRE (RE pradeteid HF SErrTan
ensuring t he uni nt errupted rggrpductipn can be obtained in case 2s )

def ect | YBTSERAGLENaFE Mot NE nePhbed! | AL $he 3eFPeSTdtgoHBEufPFe IFCOTding
unassi gned sectors. In the above optical disc recording apparatus, the
recor di Rjcarddlest eiteopt PREP dhec Aptidiad déds¢ht end @ wetx9l opn2kB for
sectors, with each set of 16 consecutive sectors formng one s ECC bl ock

t heltovi deontlmjoddtings weposeding andlturatd t yhef rpacksingaompackwhaveng e
size of 2KB, the mninumsize is the nunber of ECC bl ocks which is
represepbgdrad3 "NngeG" ideddiad oldowirgadornpha: SbecesdNo@CCconsecutive

Vo*Tj/((16*8*2048)*(1-Vo/Vr)), where dN ecc is a nunber of ECC blocks, in a
series BBaQQTEﬁQ&iégitors on the optical disc by 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



10 unassi gned sectors, that include defective sectors, "T|" represents a
maxi mum junp tine of an optical pickup of an reproduction apparatus, "Wr"
represents an input transfer. rate (Mps) of a track buffer of the

reproducti on apparatus, and "Vo" represents an effective output transfer

rate (Mpsdr@Eat ey t ik ﬁ?eg!éhftero Wl t "&.?@O%Mr’lé‘m&ﬁﬁréﬂ% is

predeterm ned size for ensuring the unlnterrupted repr oducti on can

cConceot TREOSRARS: BrchhVeEvBre. &5 ittt %%1?5*‘%3%%%?%%%8#& g

apparatus, the effectlve transfer rate VQ na be found according to the

fol | owiHy ¥R MARECARE]N HRqs Zoub-2@)dd0) 2MBESER- iftgout missing” frames) .
next- SCR-first-current) where N pack is the total nunmber of packs included
in z5 thsoi dde otgeend taraa skodivised dododed plmmglddy BECdensclegead toSCR
first-current is atinme (in 1/(27mega) seconds) at which the track buffer

of bhe reprbdact tonaappar atostgbdul dabbegut z+Oevfi (8bnpaCkneftanite iidear
object, and SCR first next is atine (in 1/(27mega) seconds) at which the

track bypdfgeiel)t heurepy oddebiran ndpPaidt depttd ¢t it put Bpedbiihgt Pack z0f
the follow ng V|deo object wi th the above constructlon it is p055|ble to

obt ai n, @a?f%é’&‘ 116 ﬁé td 34 Létrgéét angi gk, thto'ﬁec I% S0 | ze
for vidio jects vm? rﬁgarlf%ﬁi t Yate. |s achi eves, F% %SW€%
am efficient use tlcaﬁ %h) aving .a snmal | annun% E% una e% ar eas.
In the BHASYN S f&° AU PRYEY cBht FBE GRi tlc is
generate nana enent i nformation shomﬁng areas of the optlcal di sc mhere t he
vi deo dbieRt RRS HEdRtescoRied FeRrRAUCti@Roiai fFSwHad ahtnednERrBl ¥idge
recordi ng unlt to record the generated managenent information onto the
optiPcalohjsct @addswheh th&stepdichg aone beadsiagt. nanagenent information
fromthe optical disc, the control unit refers to the read nanagenent
i nformati on In the above .optical disc recording apparatus, the
recording area of the optical disc may be divided into a plurality
of 2KB sectors, with each set of 16 consecutive sectors forming
one ECC block, the wvideo 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 is 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



as well as the sector information to detect the series. 20 Wth the above
construction in which the managenent information is recorded on the optical
disc, it is possible to detect unassigned areas at hi gh speed and w t hout
difficulty. The above object is also achieved by a conputer-readable

recordlngnggghﬁghgrgghQ@r@g a file managenent programfor z5 recording a
vi deo object onto an optlcal dISC the file managenent program bei ng to

be run by a conput ch | des:. a readi.ng upnj e fr

an optical disc; b@bo?ﬁ Lﬂﬁqu%ﬁ' g égr °£§%%&o§ﬂ%£¥59@%%tlc

di sc, where a recordlng area of the optjcal, disc |s divided into a

pl ural i t 7e6PrIbREsARARCRE cBRA PRELGRE %ﬁ%@u*%l¢%?lgﬁdaapgeeﬁtp@Hﬁﬂ&§tﬁnﬂf
i ncl udes sector information show ng data assignnent for sectors on the
opti cal ZKBcsethersi | &irdnagerte e throfrien ¢orns ecli hijve heeEsbrswifiogmgingp sorteo
be executed by the conputer: a reading step for reading the sector

i nf orsmat EO0 blLewkt, heheptiicklo dBisscta Hetenipsgedtep hopldewedtingt @aalks,

| east one series of consecutive unassigned sectors on the optical disc by

referringatR phexrgadingchosikaf o Mk Onheasin RnesiRaViRY the! Shuatoed 2F
greater than a m ninum Size and bei ng focated within a single zone, the

nlnlnun1$tée ﬁgéﬁ 3ﬁgéo IggObjgg%gggggggt alshatiyensines ; Yni gy er rdip! &§%8ﬂ§he

reproductron o and recordrng step for recor
vi deo ob ect nto he det ted serie ¥V €,2 cons whi ch
the conp ?EW &ns #heeFFr nﬁﬁ&geﬁen oF %645&? Ptgﬁégﬂogg'E;éRﬂa%rec&WEthe
vi deo object into the series of consecutlve unassi gned sectors which is zo
| ar ger t@¥ne&CprictiefenRar sPfe ECthiBleaksr ed e §R/itdESr rapt €9nsecutive
reproduction of the video object. The above object is also achieved by a
conpuit eruneadabhedoptseatods sc itheltudi includat adedectdiviey aseatownber e "tThé'
data recording area is divided into a plurality of zones which each 25
include gepkukahitisy af agdiagent jumskssinnd dfheadatépteealdipfcBup of an
reproduction apparatus, "Vr" represents an input transfer. rate
(Mbps) of a track buffer of the reproduction apparatus, and "Vo"
represents an effective output transfer rate (Mbps) of the track

15  buffer.

With the above construction, the predetermined size for
ensuring the uninterrupted reproduction can be obtained in case
defective sectors are included in the series of consecutive
unassigned sectors.

20 In the above optical disc recording apparatus, 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,



area includes: sector information show ng data assignnment for sectors on
the optical disc: and managenent infornmation show ng areas of the optica

di sc where a video object has been recorded and are located within a single
Zone. s The above object is also achieved by a conputer-readabl e opti cal

di sc ingkuding o dalA-&LC0L di A0 ahea, i¥herq obhe At ad &y Noe aRachSthe
divided into a plurality of blocks which each include a plurality of
Consec%%%ksg%f%ﬁr oaf“%nteh%eg%%%urc%i%dggga%%ﬁs' B%Hg‘asou@@u%r Efel @6 r =
recordi ng sector 1 nformation owngto a assignnent for sSectors on e
optical disc; d managenent area for recording block informatign show ng
Ght & asEREHTEAL | BRobl BLRSS oPRIRS bt PES) ST ReILOPERTEHS abvé time (in
construction, it is possible to record data in units of sectors or blocks.
Each bl é/K27megfde$e£omBisg| @taMhiyrhottheogasit i faie tof sthackeraedgriion
even if one file is divided and recorded into a plurality of extents, the
si zes of appamdtent sheulldr gertgutanthhe fSirze: opathe dfi otkeatf dlliewiing nuideds
aresult, it is possible to ensure the uninterrupted reproduction of the

vi deo d@bgekﬂgprded on the present optical zo disc by preventing
interruptions which are cased by occurrences of seek operations in the
reproducti on appar gt us. r mapag e i S 1

and bl ocks are per?%Fﬁegﬁgoéggﬁgfeggsgﬁg?ﬁg on ?hr%qisyp%%é%%ggzt?%? 5}%{:25&
achi eves efficjent,use the recording.,area of th pti.cal disc.. 2s ln the
Above CBREECLrY ollido o Tou GRErutaar e PEpRhck Bt St P iRghe
t hat bl ocks have been assigned to data that i.s nainly conposed of video
data, tRéZ8edr VIHRY nePi BRtFaylsRodt VRELARLE Bk draten tTHel Sisdtiyheyes,

bl ocks have been assigned. with the above construction, even if data is
rectt dedog bgxampdevenmirordlf idilleatsygsemothi epticed aifsd ehawhagemensmall
system nmanagi ng data in units of sectors, the bl ocks assigned to video data
are not amoanar idf amdys iqnmoeédlesrdasa. Such a conputerreadabl e optical disc
is suitable for uninterrupted reproduction.

In the above optical disc recording apparatus, the
control unit may generate management information showing areas of
the optical disc where the video object has been recorded by the

15 recording unit and controls the recording unit 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



to In the above conputer-readable optical disc, a block size represented as
"L" may satisfy the following fornmula: L > T*Vi n*Vout/ (Vi n-Vout), where "L"
(bits) represents the block size, "T" (seconds) represents a seek tinme of a
reproduction apparatus, "Vin" 15 represents an input transfer rate (Mps)

f buf f - [ t " . L ;

of t ot 1 vBERAREH T fE 2 4, B IRRCH SmAE, offtln {ARLEAERL D e beading
ter- dabl ti.cal disc,_when the bl i, nf ti h t.hat .

b1 ooks NHDECOAEH ACAANE T HTIDGRA 158 1 S8 h ot o toBPHiafa t CEHE o Ginit

information may show that anong sectors in the assigned bl ocks, only
sectors EGEOFECRFIRE d@ta I Hedeh WG ghe 1%t WRAERaBoFECESAINUAL T,
it is possible to record data other than video data (non-video) into
unassi gnefl $éet orpticalRbdbbocks whilddthvienbeea @dsimpisdyt cofiononedeotdatia.
Wth this io arrangenment, even if video data and other types of data are

r ecorsdede hBhMidicUfiRle Tah%llm:iaﬂliafy upt e e weluet AoRs | Sarastinedudard daaitbof
video and other types of data are stored efficiently. 5 In the above

conput er s s ¢gdfRle APtk 1 S8athn@ Al ior b A0 sBEEB DAV iciRd ddt

0
a plurality of zones which each include a plurality of adjacent tracks, and

L S e e B U BRI

zones. t he "above cons e recor

plurality of zone areas to realize Z-CLV. By doing so, a qualified

recor di néee?FF‘EPEﬁ yP¥ sTRR i HREESF e A fqtcﬁg%gfoci%ere%é’é@rgditﬁ& S SRR

of the. outernost peripherg of the optical disc. A so, the uninterrupted

r epr oducinéarmgtépsufsamstheeophiecel débsobj @cdeioesingt seapstep dedednag

boundary. 15 In the above conputer-readable optical disc, blocks in each

zoneltmayahavieed be sare se'zeeeXxeept canbboukitvbaturiass sijreednisectoxszooe the

boundary, and the block that is adjacent to the zone boundary has a size

bei ng eqygkit@lordd & ggy e ihesize ehet Readt hictd®CkSformation, each
series having a total size greater than a minimum size and being
located within a single zone, the minimum size corresponding to a
data amount that ensures uninterrupted reproduction of the video

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 video
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



20 Wth 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
comon size of the other blocks. In the above conputer-readabl e opti cal
disc, the block that is adjacent to the zone boundary may include a sector

having 2pp8a M M SELT Qb RN 5P d hnd 16 £ Ush@R ng0"ga t &N th 4 416 IRORG S TERIY

m area I ncludes a maxi num bl ock IengtE tabl e whi ¢ch shows, for” each zone,

; ; ¢ i ncl : | . _
S es TEEBES W TRk A e UaPe L D e o REC RANANRHNE 1 T LM Rhcing
he

vari abl e-1 engt h_bl ocks around the zone bounda w.thout difficulty. Int
above co%ﬁ%?groﬁeggﬁbpg%éﬁﬁﬂcgﬁsﬁi¥ F§%1QHW%48§KRQl&E?0ma%OB%eHH egorded

attached to every predeterm ned nunber of consecutive sectors, and each

bl ock negn@eatenposadieds wakhiint agsangle menei.pl e of the predeterm ned
nunber of consecutive sectors. Wth the above construction, it is possible
for she recordi ng/ Thepubdwe bhjeppatl atabsd adateicorell &yd ar epmpdttee-readable
continuously w thout generating overhead since each block is conposed of an

i ntegraloptithp! eadct hacpnadeigerdi agdanurdesr&ind s gensecihb¥e S84d Olisita
The above object is also achieved by an optical disc recordi ng apparatus

for recogggggdgﬂgad@%g)i &%@ié@ﬁ i 55 &hhgﬁrkﬂﬁkgg%% 5&6%%9-?@?85d%%%h

area divided rnto a plurality of sectors and a nanagenent area

recordi ng sector_infornation 20 show data assi gnnment .for sectors on.the
opt 1 cal | TREESER e WA hie Tt i g BTl s PRASRE. FoF2nroaes dimd
the optical disc, the optical disc recording apparatus, i ncluding: a reading
uni t fora¥%%dﬂﬁ§19ﬁésﬁl@&(Q?R%rﬁﬁfiéﬁcaﬁélﬂﬁesﬁgﬁQﬁ FHEQFTRELOR FROMLDGe

optical disc; a judging unit for judging a type of the 2s data to record or
del éPe thataarssigimentypeobeientaiasyi fited apiticdl disc; and a management

area for recording block information showing data assignment for
blocks on the optical disc.
With the above construction, it is possible to record
data in units of sectors or blocks. Each block includes a
15 plurality of consecutive sectors. Accordingly, even if one file
is divided and recorded into a plurality of extents, the size of
the extent is larger than the size of the block at the minimum.
As a result, it is possible to ensure the uninterrupted
reproduction of the video data recorded on the present optical
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



a first type and a second types a first specifying unit for, when the
judging unit judges that the data is the first type, specifying, based on
the read bl ock information, either of: unassigned bl ocks in which the data
i's to be recorded: and blocks s in which the data has al ready been

recor dedo @k S€a20¢mARET YdKWva!Nthat 0b1 oWREN HR | pelgh NE sERigh dudaesqh bat
the data is the second type, specifying, based on the read Sector

i nfor i.Qn,. eith f. ' - tars.in [ j e

Fecor dadiFan SEAC cotthAR U wie! 8ats oY Beco (P St Poltnay g
unit to.for either.of recordin d deletin irst-type data into/fromthe
bl ocks st it By Lt AECEFE: 1, BRFr R oA PURG Polaue: HERTIE S HLHIR no
and del eting second-type data into/fromthe sectors specified by the second
speci fyi ng unit; HYA§harkhes ARATREORPHMNS HePni €Vedr 1fpddtiand sitreeasdedne
of the sector information is and the block information in accordance with
opef at ipns afortven adrea Jufddta ey sfemt whichhuslkes abdid ec orstagerienh, systes
possible to record data in units of sectors or blocks. Each bl ock includes
a plur a{adad/gmgcaa@acgitrﬂ (2 ISBLIRF Sse eSO di f1gé Yb16¥RB iafssarmdd | 0066
di vided and recorded into a plurality of extents, the size of the extent is
| ar ger dha Lie shag udheDlogk Bl WS thd Ml a dRshl by ddnbster-
possi ble to ensure the uninterrupted reproduction of the video data

record Q he pr : ptical_ di sc, by prev ing interruptions. whic re
cased %S/leac?{cgc lrereencgé%gft:a% séjascoperlaii ond" T QIH'% re%P%ducﬁ%lnng%rpﬁ?%Fﬁg.
Furthernore, data 13 managenent in units of sectors and bl ocks are

per f or FEPEURE W dependi ng on the types of data. This achieves efficient
use of the recording area of the optical. disc. In the above optical disc
re¢drdi ng appar at §8, Ghee abavei gomputedpaseidagleniarwiegal ndigge: a block
informati on updating unit for, when the first specifying unit specifies
unassi gnexk Mamkssenpaldt ang"Lhemblyosktinfor tati dolbhywihandioxnuledi cati on of
t he specified blocks from "unassigned" to "assigned"and a sector

i nformation updating gRiv n@lon el -k udhgck informati on updating to unit
updates the' block information by changing indication of the specified

bl ocks "unassi Y ta. i - dat t he: sect okmi nf i by
changiRgﬁﬁﬁ%icg?iongggg%ﬁlq§3€€%$%§?%cf% edqﬁﬁﬂgﬁengﬁégifié% blg%%§5¢$%%1
"unassigned" to "assigned." Wth the above construction, even if daja. igs
record Rrseso?fl%s coehvgﬁ?d%n %Y | e°§y3‘3t erﬁe\ﬂﬁoc%%tsjé%n a #Rﬁ%r?ﬁalﬁ%geneﬁfn
system managi ng data in units of sectors, the blocks assigned to video data
ar &% nott SR IR E 8 et by LBRBENSF TR FLT SHefhea E9rmet edfeaBat el bt i 041 ERec
is suitable for uninterrupted reproduction. 20 In the above optical disc

r ecor dinRprasheaEiars antar afusok angd SVert"orepgesentd @t e L igrii vheottpet
speci fying unit specifies blocks which are assigned to a piece of
first-thyengddn tatde(depel edf thdabesfehe bl ock information by changing
indi cation of the specified blocks from"assigned" to 25 "unassigned," and

the sector infornmahi ehdlREETGcsblize WreSadaB1d4opthack dicr dONthe
updating unit updates the block information by

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

10 -



changi ng indication of the specified blocks from "assigned" to

"unassi gned, " updates the sector information by changing indication of all
sectors included in the specified blocks froms "assigned" to "unassigned."
Wth the above construction, it is possible to use the data recording area
ef fici eatLynB¥me@dqr defant hies f i kot YRec dlataadandthde sofEEl- bYpedgdesa dre
m xture since all the sectors in a block are rel eased when the first-type
data is . sto s ab : | [ r ' ragu

bl ook | FF oy Eaetod Tl Aoy P ARt ER e FHMANAGERDR Tb SnddiRa. )
assigned first-type. _data which i inly c osed vi deo data; or_ (3
assi gneﬁngeci’ﬁd:- y Rt dat&%6Ai cﬁmii rTrﬁlt}ir?'nef cg%sgedoggf 352 ot REF tﬁ‘%?ﬁ%fje
first-tyge_data, where the assignnment updating 15 unit includes: a first
updat i n@ffFienstYupdating the bl ock information and a second updating unit
for updating the sector information, where the first updating unit, when

t hessecond updati ricn unhéeé abdueesotbetesectrerdaifle mptiorabydthangithg data

i ndi cation of any sectors included in unassigned blocks to zo "assigned,"
updat esréberdingkat8h oraRt O Nd DYl BNty d headliiay o taendynagsigneashch
bl ocks from "unassi gned" to "second-type data assigned," and the second
updat i ngoinihe WNsDuEbei LYot HRfAlddo Lrldpdatesehb BlEORkel Bhormlign
by changing 1 ndication of” blocks” from "unassigned" to "first-type data
assigned."” es _z59 t t.or _infarnati i i ndi Lgn of all
sectorSSESbEBEEéIgaegnfﬁﬁp%gpﬁﬁbéfgrf%m*éggﬂa%%dgﬂg€§%ﬁg¥hggaggbgg’
construction, it is possible to manage the data_recordi ng area w thouyt
difficulty by recdFdithdhiheé Vresthfsﬁgfé%&tl&“an&h@hé%@%n&-r%ésd&&ém%d
m xture. 5 The above object is also achieved by a conputer-readabl e

r eddr di Fgteedi pipadditar iofy zomfg |axremmdie el brogéaftVor B¥cEPdngg Sdat &
onto an optical disc which includes: a data recording area divided into a
pl ur al i yyabi fHedt nesordimg ae fifinapEment i saraazh feored eciarhiuly sseotidiicing the

i nformati on showi ng data to assignnment for sectors on the optical disc and

bllock | péespaihgNdensity 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 optical 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 *



show ng data assignnment for blocks on the optical disc, the file nmanagenent
programincluding the followi ng steps to be executed by the conputer: a
readi ng step for reading the block information and the sector information
fromthe optical disc; a judging step for is judging a type of the data to
record oiréel ehelubesdat aaxtihem YlodeilhlnssHiiedvhiéld 8hbdwESt fogpe s
a second type; a first specifying step for, when in the judging step it is
judged thahethedaia b8 bNECKET ShikhPRadPerhlyhag. thaseb bt NRalead ek
information, either of: unassigned blocks in which the data is to Zo~be

recordedmaggﬁgglgg?%okﬂgﬁg%%ggtgﬁpgaggnggs al ready been recorded; a second

specifying's h& ] udging 'step it is judged that the data is
t he second type, specifying, based on the read sectar infor ion, either
of : unassi gned sect'br'd? i RSWARIVE hEORSFLUFELPT b G echrRRF sERt BRQg9¢
whi ch the data 25 has been recorded; a data updating step for either of
recofdi ngatéable-3ragdal ethIecks r senopsd dathei ntapne ombowndaicks without
specified by the first specifying unit and for either of recording and

del eti ngdsechaditype data into/fromthe sectors specified in the second
speci fying step; and an assignnent updating step for updating at 5 | east

one of the sector ifH ofp@tiPHv@ndomparBlrogkadRbaleMdtotd N ALEO) daAC R Mdlyh
operations in the data updating step. Wth the above construction, it is
possi bl ec&?ré?%%ﬂ daka hdyuBlkt %t‘%fac}%(& OJng é%fef’g} gﬁédeféfﬁiﬁ%achuhg%!xu%%s
a pluralrty or consecutive“sectors. Accordingly, en It onetilei1o0Ts
divided and recprded into a pluyall f extents, the size of. the.extent .is
arger thansERECLPSeser i drd Bl ey mhock Wk b RwtsEh e il iRedtal
, possible to ensure the uninterrupted reproduction of the video data
recdlded™BhtiRéepPésEht BEEREERIALSS D use et PR TR i DRSEIRBeh are
cased by occurrences of z5 seek operations in the reproduction apparatus.
Furt hernore, data r#fdyebrat aboveniconstreetions drid bs opkssabd epefdor rmbe
t oget her depending on the types of data. This achieves efficient use of the
recor di ngeabediaiy/t hecaptodad iy scapBRrEEuUBESGR) PTEeNoE THIdRAWENGSSduce
continuously without generating overhead since each block 1is
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 .



20 FIG 1 shows the appearance and the recording area of the DVD RAM di sc
which is the optical disc of the present invention described in Enbodi nent
1; FIG 2 shows the cross-section and surface of a DVD-RAM cut at the header
of a sector; m FIG 3A shows the plurality of zone areas 0-23 and other

one: ar ot 0o Wl LA Nesand dpRE 40 el AN Sy AL TRRF TRy, bR

(LSNs) i.n the\ﬁgune area; FlIG 3D shows Iogﬁga bl ock nunpers gLBNs) in the
vol une & HMWWEhAEL G K %hi 83 %Bet weentRGnetaréss, tWHeECC
bl ocks, and sectors; FIGS5 shows a |ast-block-length table; FIG 6 shows a

sect or rERRRjeRERT 1 allaseghdoan mhe bl zrad rréﬂégéﬁehﬂfloé?maetlﬂr& 7 ed¥dR5 t 196 TAV

bl ock managenent table and the sector 15 managenent table (space bit map)
whi ch anemdedigriedt lhidetks rin nifoh ehey siadm menagerentreodndedt | andr bdorded
in the volunme area; FIG 8 shows information included in the file system

nmanagemsy wHY &H nedheé O@a@éhﬁéstaﬁﬂehag pachor T RERIEN §abbedagfethe vA¥g
bl ock managenent table shown in FIG zo FIG 9 shows a hierarchical

di t h t f ti
Flas HE o%“‘f{“%eﬁ’ﬁ“*ﬁgsﬁ%?i‘?lﬂ%eﬁl&étéﬁ%ﬁ%@???gﬁﬁnfb?egﬁgﬁd FRE %?F&@d

ot i | o e SHOAICRrE 0P Ao oFp the. Z8REy SECEPE. 1REOERBIASPhCHEIRY oF

structure of the allocation descriptor; FIG 11C shows an interpretation of
upper tWaR$kIneds SBGtAHS | dRgIHRIRN althScaf®BA descEPptRA : TECQTEEAishans a

detailed data structure of the file identification descriptors for
di r ect orggctors in which the data has been recorded; a data updating unit

10 for either of recording and deleting first-type data into/from the
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 is larger than the size of the block at the minimum.
As a result, it 1is 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
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FIG 12B shows a detailed data structure of the file identification
descriptors 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
reproduction apparatus. FlIG 14 shows the construction of a systemincluding

Fl 15 | ordy aeh 6 Eh WP, B SUAECERE ARRE AT Ans ey o FEOR, pTB R ther

FIG15 is a i agr am sh ow ng the har

recorder 10; FL.G 16 |s Iock dla m sho t he. constru t he MPEG
Cnooder ASBBRRLEas o She BIRAC F BgiaFE ShoRing PREIETRS MASSCHICF TRE O
MPEG decoder 4; FIG 18 is a function bl ock di agram showi ng the construction
of the DG cE®¢@Eding axEadOENtHReOPGACELOM4 S6F t he components; 25 FI G 19
shows the changes in the AV bl ock nanagenent 19 . tabl e and the space bit
map when AV data is Irecbhdedgbdites 2@tslavis dhecchmmesling t hppAYaduwck the
managenent table and the space bit nmap when AV data is deleted; FIG 21
showssa |d$d1 PAmESOETRIES ISP RATIHE hdly ik uldel:e aSbspeke AnBirinatO2nf 0bdbReng
file management; FIG 22 shows an arrangenent of buttons of the renote

controlletnfy Eu@ 23,sbguarngu spRaETy G o; ehapciiie i tunats: gAda

resol ution for each the to quality type ndard and

or ovess BT hed By EREI SR PSETOER SR8 el o ?‘é@%?%%?laﬁi &

10; FI G 25B |s a flomc rt showi ng the programred recording, i5 proce
perfornedjﬁ? 94I§§ R hi L efne tBVDAFELEPEET 7 URPE §OseCt°r
FIG 26 is a flowhart shomﬁng the process perforned by the AV file system
unit 103 ¥rRorRe Fleeei urdh titg ANIMRIEPE, cofpeandhe2blprk 2nfpsmatippwehdeting
showi ng the process of deleting AV files perforned by the conmon file

syst em uninit Odpd&t & 28BAeshbvs kAYnffiolres theoy ahhrafirey dedbtabivonFbE 2BB
shows the changes in the AV bl ock nmanagenent table and the space bit map
correspongih&@i £Peih® 18Rt | OFom 25 ubhbSs2Ynietma dd OWsBaL fnsROW RGHdAei i OERES

of recording 20
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 Dby a conventional file system which uses a file management system

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

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, wupdates 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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non- AV files perforned by the common file systemunit 104; FIG30 is a

fl omchart show ng the process of deleting non-AV files perfornmed by the
common file systemunit 104; FI G 31A shows non-AV files before and after
deletion; s FIG 31B shows the changes in the AV bl ock nanagenent table and

the sp &tlﬁBrﬁgEigﬁpﬁgﬁﬁgﬁa (‘;ltl?% delaldan.. aéblq%f’glcﬁ Qg’gokﬂﬁti‘éﬁo

constructi on exanple genent t

hird I f bl
Shove (HETEHE h BOREEIRER! tEﬁﬁ%%ﬁ%@*ﬁ%?% B L BT

FI G 35 shows the fifth constructlon exanpl e of . the AV bl ock nanagenent

tabl e; "BnaEselgBRdshondiRfalifsi f FReex &M@ $RECHRALGEReNtPY nf GRABELBS;
FI G 36B shows a space bit map corresponding to the nanagenent infornation
shown iimdE G BEAn BIEGa31 isectdumcinohudedckndithgr @psstiolied) bhecks from
construction of the DVD recorder 10 of Enbodi nent 2 based on the functions
of the 'cygionesad’s; t&l CuRBskssgaetll.owchart showi ng the recordi ng process
performed by the AV recorder unit; FIG 39 shows a nodel of buffering of AV

data into the 2s iagk didf heioved ddh creRiadiis! 00 APRIESSUS1e 280 uELCAR i S
a flowchart showi ng the recording process in the DVD Tecorder of Enbodi ment

o oceailt o Seabdt i APRLE Rt as S B R, Y R e Bl

PREFERRED, ENBODI MENTS The fﬁ%lomnn ar.e the tabl e of gon ents of the
pr esentd¥bcH8n SECPPAEHRS ndh ""1l oTEXEPFEQRINGE BF £ EeG By sikal
Structure of Optical Disc (1-1- 2% File System Managenent |Information (Part
1) (1- 2®cliage sygi-eﬁﬁﬁ/ﬁnagéﬁeﬁ e| Algsiativee @ada i» delated. M ni num Si ze
of AV Bl ock

10 In the' above optical disc recording apparatus, the block

information may show whepher each block is: (1) unassigned data;
(2) assigned first-type-data which is mainly composed of wvideo
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
information; 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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i'5 (1-2-1) Entire System (1-2-2) Hardware Structure of DVD Recorder 10
(1-2-3) Function Block D agram (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)
Recor diirgcbidéldniAVtBat B1otk3- &p DPelsatligmgdaf” Non- AV Data 22 (2)

Enbodi ment 2 (2-1) Optical Disc (2-1-1) Pseudo Consecutive Record (2-1-2)

Assi gnment of PsegdaHoongecabbye BeR9EEEcEibA; 143 l%sqwl@sﬁpréeﬁat h¥Bage
Record Assi gnnent Managenent |nformation and épace Bit Map (2-2)

Sl e pbean A S e e e

Enbodi nent 3 1 mum Si z Consecytive Record (3-2)
Recordl?ﬁP%fdégaf%Pglgkﬁmﬁegﬁ gp%ﬁ?&l%@&§c %ﬁ# WYtical disc recording
apparatus of the present invention are described in several enbodinents
with the above-|i Sted apeN& REI SCE1ys EBbdRli dEhteVed kY12 gemPedierpire@dghle. 1)
Physical Structure of Optical Disc 20 FIG 1 shows the appearance and the
recor dirgcareéangf neb¥DmRApIredistonitigh & s Znleoptnamdgenent Aprefjoam i fotrhe
figure, the DVD-RAM disc has a lead-in area at its innernost periphery and

a | ead-petondgagatdats aties Mgt peripher ydivet hvlifieh datrecladss i n betaean.
The lead-in area records the necessary reference signals 23 for t he

Stabi | 2814001 8) 2asEEVOIEWIGEg AGHESS Y ARODIIGE! d¥ clddpc g A, o

a
he | ead- out

identification S|gna sto prevent confusi on w th ot her

area reco S ty ence _si nals ag area. s _The
it artdheSehain: led YBGr) A RTY coBrdRY iftntlfsiBhe Shom%t 35

by which the DVD-RAM can be accessed. Here, the size f tor is set
) 1B G A A A ES PEChPLs Gy e GRRIG (TirGl 419 BEORY DRGEREGRPEY

each are a group of consecutive sectors. The size of each AV block is set
so thatsheowelng datat assdpnegnteFogdPAcHs e Heprerikeabndippar thasfide
ensured even if a seek operation occurs. In the present enbodi nent, the

Si ze | nsedgdmeahoutogiBe sl whhitray arhesa, fadilviwdendy isrttegrss ot es eaeduted by

the computer: a reading step for reading the block information and
the sector information from the optical disc; a judging step for
15  judging a type of ﬁhe data to record or delete the data, the type
being classified into a first type and a 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 blocks 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
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AV Dbl ocks as descri bed above, is managed as follows. "Non-AV data," data
other than AV data, is assigned is areas in units of sectors, while AV data
is assigned areas in units of AV blocks. Non-AV data is nmanaged in units of
sectors: AV data is managed in units of AV bl ocks. Non-AV data is al so

recor degniindeeetonyg Enrdy-blipekaat&atitMNrbbmcihéd oImilegashai fied i gl e
AV dat a and non AV data in mxture. 20 FIG 2 shows the cross-secti on and

surfaceg9 DM EAM, CHE ?hlEh%dH*¥%¥ Qitﬁe%e@¥”reé§r§ﬂ&&“ahatdgiét

each sect or |s conposed”of a pit sequence that is formed in the surface f

a reflectlv f|| ch_a t al | m v t. The pit
cequencee R nbeete 01ARA T B it eC RS SPRFEERY i | Rs"eone
surface of the DVD—RAM to show t he sector 24 address The uneven part is
corrposedPSFl§Yé€ﬁca§\F§Pparach:aﬁrt P 3L IYRERY cUPAARI I cBREBX THZr PRSRTIRE At
"l and". Each groove and | and has a recording mark conposed of a matal film
capdbl eleasphm D dmesenter hetfeonatsoguandceheHod eckt ha foymadsisdmnin
"capabl e of phase change" unit that the recording mark can be in a
cryst al kcoersiaaioe orith ropematyisired | imetisé af 2t depeddt ingostebet her t he net al
filmhas been exposed to a |ight beam Using this phase change

characteristic, dajgtgabnbeabeear ¢ st dits, uneves R%éé;iby\éi k@ treddrd S
only possible to record data onto the | and part of an di sc, data can be

recorde t 0, hot e o] rts ' t hat
t he recgr |gng genl’ts}ll% f)%g?é&%/l ec%:eg %at o? %Péi. Sc. ?{c})!rigg ah
correction i r mat on |s rOV|ded on a DVD- ach roup of 16
sect or SPLRRAIHEY B pratnisaC iR TR0 oA GrERLDALT6 SUERoRS (GTR Tile
given an ECC (Error Correcting Code) is called an ECC bl ock. On a DVD- RAM
t he! dat 4Safd¥ idediafndH &R IMIFE D P ot i PAuBRL:bHeOar B8E SRS SredieZ TR 2% on
control called Z-CLV (Zone-Constant Linear Velocity) during recording and
20 repr bbeceixdentFliG kaspensthhe pher sliizey of Fevnebhoehsapr dhied ed roimuan.
DVD-RAM As shown in the figure, a DVD-RAMis divided into 24 zone areas
nunber egszoae Gdsmlzagne iA3. iAchpgostbbeeatds anguedp ehet r agks ddrmtumt el
accessed using the sane angul ar velocity. In z5 this enbodi nent, each zone

area_ Copgaiidi k8% rafk%heThad?e% déeaa&bee%eangﬂt aihé’ebQEbE}itOfoﬁ’d‘fcal
DVD-RAM i s set separately for eac zone area, wth this velocity being

hi gher éhgcck S Ee@?ﬁggﬁgaiﬁé‘e %ﬁfé‘ﬁ?%ﬂfcﬁ ne-d Cé;ae%e&’eds}cgggcg{ ve%1occi’§ y

di sc. i'S”en pirckup  ¢an no
whi | e . .

15 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.

BRIEF DESCRIPTION OF THE DRAWINGS

20 FIG.1 shows the appearance and the recording area of the
DVD-RAM disc which is the optical disc of the present invention
described dn 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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S performng access within a single zone area. By doing so, the recording
density of DVD-RAMis raised, and rotation control is nmade easier during
recordi ng and reproduction. FIG 3B shows a horizontal arrangenent of the
|'ead-in area, the |lead-out area, and the zone area 0-23 that were shown in
to FI G 3A. The | eadd. BrargvwidHeeadwaull ianeafeaohehaveas DVMA3( Belde’ither
Managenent Area) inside. The DVA records: position information show ng the

posi ti 0pge 9§ ﬁggbgagdfgﬁng pypreimide defects; and replacenent position
irnformation showing the i5 positions of the sectors replacing the defective

sectors | ocated i fbg; FepIAGEIP (A3 o fach 2008 ALERLNBY BnUSSLAL RO

the inside, and thé Tepl acenent” area and an unus area are provi

boundarg Sgtmegn %gne areas. The user area is an area that can be used by
20 the Y7f2 &€t 8% &%FE&Sdrdi ng area. The repl acement area is used to
repl ace defective sectors when such defective sectors are found. The unused
ared is an area tH&G. ¥ moowssd@gicelr sectarnguppess GiINsk viar thhe ke lame
assigned as the unused area, with such unused area being provided to
preventanest aken identification of 2s sector addresses. This is because
whi l e sector addresses are 26 recorded at a sane position in adjacent

tracks within the SEB Y @HRws VoGl vl ks atinde radqLeNses iar eheeqldgd at
different positions in adjacent tracks at the zone boundary. In this way,

sectorsypgich are not used for data 5 recording exist at the boundaries

bet ween zone areas. Therefore, on a DVD-RAM | ogi cal sector numbers (LSN:

Logi cal Sector Nu ), ar.e assiggfd to Qyﬁﬁcal iecto s,of the user area in
' 15 &

order starting fr e SRS ab 55&' abfv FﬁwsﬁngSHFyatrﬁ@s’

sectors_used_for recording data. io As shown in FIG 3C, the area that
red8r dsEuSePlasks  afddi $e669FGsed of sectors that have been assi gned LSNs

is called volunme area. Also, as shown in FIG 3D, in the innernbost and
out er nost FIG.5 shows a last-block-length table;

FIG.6 shows a sector management table and an AV block
management table
FIG.7 shows the AV block management table and the sector
15 management table &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.11lA shows a detailed data structure of file
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peri pheries, volune structure information is recorded to be used 15 to deal
with the disc as a logical volune. The rest of the volune area except the
areas for recording the volunme structure information is called partition
area. The partition area records files. The |ogical block nunbers (LBN:

Logi cal By Nunber) are assigned to sectors of the partition area in
order starting from2o the first sector. FIG 4 shows a hierarchica

rel ation between zopeganaas, sk&ksbliafKsdatBd $EEIOESre ADShEWR i 81 1BBation
drawi ng, each zone area includes 224 ECC bl ocks (3584 sectors). However,

t he nunb%kzoljiﬁﬁ%grs in a zone is not necessary be an integral nultiple of
224, 2s or e "nunber of ECC bl ocks. Therefore, the size of the |ast AV 27
block in a zone is setnég | ar.ger than, 224 ECC bl ocks %9 t hat the nunper of
sectors in a zone b&eBmidCarriMepal I1REFEPRREASE OB LT FIPPER| SWAUrpbER, of
DVD- RAM di scs record a table which shows the size of the Iast block in each
zone, 5 as extiRnt lAngEha@endhiocathebr Aa8FBRPERPEG 5 shows a

| ast - bl ock-1ength table. The | ast-blocklength table shows, for each zone,
the length of the | 83G.APRbIsickvs ehatdet atid €d adataBNtriliitength wie t fidle
| ast AV block is represented by the nunber of ECC bl ocks included in the AV

bl ock. tadiicitiasdtiBN' deateimrshoWsot hei LBk yhe | ast sector (zone
end), nanely, the last sector adjacent to the zone boundary, to indicate

the position of theFE@neﬂ%ﬁﬁ%Eg)%_#idgﬁaﬁi%ge%éggwgtrﬁggukﬁn@%1 etQFle

| ast AV block is set t0 a va ngt his prevents each AV block from
15 i ncl udi a zone boundary..Wth this arrangenent, it is possible to use
t he recoﬁﬁr %ﬁf%ﬁ99+é§%¥§%g£???c 8ﬁt?§ie(1-1-2) Fil e System Managenent

I nformation (Part 1% Here, the file systemstructure of DVD-RAM i s,
desctf?bed. The fil eFdPFstdmSershe it 1okl REARIcOipAVe L3k ninko the

| SO 1 EC13346. In addition, the file system manages the AV data in units of
AV bl ockgraaiGmiEhens theedVodabendipdmentread| ereamdtha AVDpiRGGk diesageyeat
tabl e. The sector managenent table is recorded in the partition area of the

vol ume arempmodhidtsiomcamoledatust he file 2s system managenent information
The drawi ng al so shows a 28 , . hierarchical relation between the vol une

area, sectors, and ¢oatent snefst HReSESAOESuctién fof Si & PyEEmSIR¥BLEDRy the
vol une area shown in FIG 3D. s The second | ayer shows sector areas which

i ncl udes tor #ggag a ck t table. e
sector areas cﬁsa%g i n% udede{gr?c%%%ﬂg%}rati {Eldeoélpcg?é%/FPéilge sﬁﬁ%?ggng%ageﬁgnt tﬁg

tabl? (aliﬁ)%g!led a space bit map) show ng the data assignment status for

each' 3ectBPIEHEtoT ded in the sector areas to with LBNs 0-79. - The AV

bl ock managenent table show ng the data assignnment status faor each AV bl ock
is recorded in the &§&6rdp 1s & block diagram showing the hardware structure

of the DVD recorder 10;

FIG.16 is a block diagram showing the construction of
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 the
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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areas with LBNs 84 and 85. As shown in the third |ayer, the "space bit nmap"
col umm shows whet her each sector included in the partition area is i5
assigned or not-assigned. In this exanple, the assignnment state of each
sector is indicated by one bit. For exanple, each sector for |ogical block

nurber st@p1Q iandivten dpdce Gif imglh caiémany agstgned” resbraedyhese sectors
have al ready been assigned as a space bit map. Simlarly, each sector for

| ogi cal bl ock nunb . | St-1Q4h V e s Q'n ( i d kpC
sectors have al reagiéb%gngﬁégn%%éagﬁtaﬁghivqbrll ogﬁém@ﬁgg%%%%? gt}af)c . gt

0" wheh S 1P BRI SRRt (i 1o DT iR of BedooF CRES been T ocor ded

by the user or the_application in the current sector, 25 otherwise witten
as "lI." 29 . TheFAY:BlLoSko¥Sown 1if % L tFRTRRDAS e UBRBRS SfloPYeddie AiALe
block in the partition area, with two bits for each AV bl ock, whether the
cur rent sp¥tiemosiniits IfasBEigrate (D) mandgereento AV data (Ol), assigned to
non- AV data (10), or reserved (11). For 5 exanple, the AV block 0 is given
bits "10" (indicatFng.22sshgmed dr0 aprayemeha” prsivirdie &F hheck dhdies
al ready been assigned as the space bit map and the AV bl ock nmanagenent

t abl e whbeh r3y19 d30tdr non- AV data. Wien certain AV bl ocks are shown as
assigned to AV data in the AV bl ock nanagenent table, all the sectors

included in to thngg_ggogggwgr u§ggwgea§m%§§k9ned in the space bit map.

This makes it possible to prevent m xtur V and non- AV data in each AV
bl ock, and secures ? ta consecuti,ve recording areas. FI G 7 shows
el at | onshi pe. bet vELR- £ hes DD ek B EGEROARs: SBPRLARHOR HEE AT 19T Fhtp.
i5 On the |left-hand side of the figure, the AV block management table is
sholth. ®Helidn £YRRY Jdeighn' ateargdaett " cdn@ primareR§usingi éces of
two-bit data which each shows the assignnent status of AV block. In this
exanpl e, the AV bl Bt&s2fAViBLKai rf Licwehdirawi sigdwH#0g # 2 har emamial erregso 2'dlidly
(non- AV data); 20 the AV bl ocks #3-#75 are witten as "OL" (AV data) and
the AV plreeks s#7peapdrpétiemr ener it efiias "dPstdmnasditgned}. of the DVD
recorder unit 10;
FIG.25B is a flowchart showing the programmed recording
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 1s 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 1is a flowchart showing the process of recording
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On the right-hand side of the figure, the space bit map is shown. In this
exanpl e, the assignnent status of the sectors included in the AV bl ocks #O0,
#3, and #79 is shown in the blocks 2s encircled by dotted |ines. The AV

bl ock #Q_.ha 'gﬂﬁg: : t A, UL s i )
correspgﬁ i%gbggpfﬁfiit e g%gkzgﬁﬁﬂ%ﬁgf%éékﬁé?%ﬁiags§ﬁ§théégtgpg’having
been recorded non- data, are itten _as "0" .(assjigned); sectors Vi ng not
been recor ded non-ﬁgbdgﬁalir@ ﬁﬁPVFgﬁrgssth%T%a. ?gﬂ%ﬁ??s§h8fA9P %ﬁé%%ﬁ
has 5 been assigned to AV data. As a result, in a correspondin% part in the
space bRPTRY, Hltless REFRATRechYathe O of sl ar &Y fF et BRL s 1047
(assigned). The AV block #79 has not been assigned yet. As a result, in a
correspondi ng partFI@.3ha spaee hon-Aépfilesi befhoen andate fAElr tdel sebdmr s
are witten as "1" (unassigned). to It should be noted here that the AV

bl ock managenent tebEe3myshewseededeshasgelat anf ehet ey fblecRY slaedgaiferithe
space bit map is, or may be recorded as one file. In the latter case, the

AV bl 0ck5BRageRRnd Ahland HiRRAALE A% A dgbachi] Ge1bpibhe present

enbodi ment, the AV bl ock nmanagenernt table 15 has™a table structure.

i ormai i on (Phrt 3G H e SR MrRRE  SRTPRERGESE RABHECR, OE % A

nanageggﬂt %nfornation ohg&ﬁ_phan t he sector managenent table and the AV
bl ock QGENBRO IS %n FIG 6. The drawi ng shows 20 hierarchically
the volune area, sectors, and the contents of the sectors. The arrows ~-~7
show the order in %Hpeh3t fleows oEhgethosict iCORITrUHel 90 | @xampie epLVOBe AV
detected in accordance with the nanagenent information shown in the
dr awi ngbldbhé manstgemeyndr tafltehe drawi ng shows the vol ume area 25 shown in
FIG3D. 31 The second | ayer shows various kinds of managenent information
such as a file setrHesysigials @Y HRSEfh PEOhstEhit€ion example of the AV
block management table;
FIG.35 shows the fifth construction example of the AV
block management table;
15 FIG.36A shows a specific example of the management
information;
FIG.36B shows a space bit map corresponding 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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entry, and directory. These kinds of information conmply with the file
systemdefined in | SO | EC13346. The file systemdefined in 5 | SO | EC13346
achieves a hierarchical directory nanagenment. FIG 9 shows a hierarchica

di rectory struotur ereohsCEpoNdk Ngutfathe HBIAGTEN, UL LE00U0; B

FIGS8. In FIG9, ovals represent directorie rectangl e resent

files. e rQat directory branches to directory "VIDEO' and two files
"Filel.g ?'qghjﬁ%FG §2F gﬁkoéamp?ﬁ?%ttory "Vl DEO' branches to three
files "Moviel.VOB," "Myvie2. VOB," and "Myvie3. VOB." The nanagenent

i nformation of FI GF8Gelir EBPYAdS £EeehEP@CEedtidiy) sttdicture., Note that
each file recording area shows only "Mwiel .VOB." in this exanple. 15 The
file set descriptoFIG.#R LBN 80 ifileavehaetondetaybinghotsearpt8iedfiira of
sector in which a file entry of the root directory is recorded. The end
descy i pheisiydihd BhSbshods ddesengt De arébbedset 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 sane format so that a
hierach%%IRfH§'3 Eﬁé&ﬁf,gﬁggted as one desires. Each
di r ect oFF—te—0g— N-83- : oWws—a—stofage 2s position of a file
entry for each file an ch directory incluyded 32 - in a directory. The
third |ayer of thigh%xgﬂﬁf%w+ﬂﬁl%H%stgﬁrgéhﬁﬁlQQNHQQQQPgﬂupﬁuﬁPe prédsent
directories. The file entries and directories are traced by the file
system s@sdidfve a data structure constructed s so that a storage position
of a predetermne file can be traced no natter how the directory structure
i s const(iyctErdbodandntile entry includes an all ocation descriptor show ng a
storage position of a file or a directory. Wwen the file or the directory
i's 4 videdi)ntgpeiddurmidsy of extents, the to file entry includes a
plurality of allocation descriptors for each extent. For exanple, file

entries w_yh 4BNR2Z A0t S94-820re of oOptical Disc

(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

22



i ncl ude one allocation descriptor. This neans that none of these files is
divided into a plurality of extents. In contrast, the file entry with LBN
3585 includes two allocation descriptors, i5 indicating that the file is
¢onposed, of _two extents. Each directory includes a file identification
descrip&%ﬁ %Wﬁﬁ$+ﬁﬁn?o each file and directory included in the current
directory, a storage position of the current file entry. As indicated by
the fil&eht roREL §@ctories shown in this 20 figure, the storage
position of the file "root/video/ Moviel .VOB" is traced in the order of:
file set2deskripsondo-Consecutive Bacpyd( root ) --> ~2 --> directory (
root ) --~ 3~ --~file entry (video ) - directory (video) -j ~5 -~ file
entry ((Wvi-€l) Assitdnmertfofepéentiontontdcand vé2 Refcddas el . VOB). 2s FIG 10
shows the |inkage between the file entries and 33 directories rewitten
in accorgance) Wi thsd ks di IeGIU Y SLF4ICt Uieotd t Nes 81 aMhBEat t NBah88kment

directory includes file identification descriptors reSpectively for: a

par ent .dj ( t root is the root itself), a VIDEO
directcﬁ%fgéﬁéégaéﬁégi.%gégg %%% %Eﬁe "File2. DAT." Al so, the VIDEO
directo jhcludes file identification descriptors respectively for: a

par ent G%é#%d%%ﬁ?r?+% §?p¥?$%C1NBVﬁBP?Wé%Pﬁ file "Movie2.VOB," and file
"Movi e3. VOB." The storage position of file "Mwviel.VOB" is detected by
traci ngl4d T2 the Yrsfeemnd HardeareGSEIACENERs a detail ed data structure of
file entry) As shown in the drawing, the file entry includes a descriptor
tag, | GR+t2ag) dnckiomnBleskr Dpagraimengt h, extension attribute,. and

al l ocation descriptor. "BP' in the drawing represents a bit position, and

"RB?‘lnggﬁgwnﬁe@bfgiﬁgiyg Bytrposktion. i5 The descriptor tag is a tag
that shows the current piece of information is a file entry. DVD-RAM

i ncl udegsyya i s of tags such as a file entry descriptor, a space
bi t napéﬁgé%?%%ggﬁ?ﬁ%P§the i ke.. Each file entry includes a descriptor tag

witten ! ".showing that_the cuprent piece of information 20 is a file
entry. %ﬁé”lé%ﬂ%ﬂf@ﬁ%ﬁgea? rFBﬁPgoiﬁPBPﬁﬁ i3S PS5 %¥F to the current file
entry. The extension attribute is information show ng a higher

(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.1 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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{evel attribute than the contents defined in the attribute 25 information

field in the file entry. 34 - The allocation descriptor field stores as

many al |l ocation descriptors as the nunber of extents in the file. The

al | ocation descriptor shows an LBN indicating a storage position of an

ext ent §i9¥ athiel esg@bjalHF@‘éé%r PI R GSEINCshéWsiR%ie 8¢4C5Ss BYr @dt uPBtéFathe
al l ocation descriptor. In the drawing, the allocation descriptor includes

dat a i micddatp ngrah isderdritf dlcagidn aidniadsl tdepramenBNconfiiisaonnyi&hspahage

position of an extent. Note that the upper two bits of the data indicating

an ext egddi£ngt hrsdows adheust o4pge Fealoddisof thde saxdeent ypecfdi Agfarenceas
io shown in FIG 11C. FIG 12A and 12B respectively show a detail ed data

struct wggf1 4 hes fihe 1g§atig|gggbon descriptors for directory and file.
These two types of the file identification descriptors have the sane

forget each descigtan ngludesy RIRISEEN o A PLAREI ollo 18 LOSDL I Lheahi O

i nformati on, d|rec ory nanme an~address show n
represented by an LLBN, of the file entry of a_directo

i nf or nRTOEROSRAIERS dRitahy #ied she RYRsRAW FANs ééhaﬁﬁeéﬁﬁgngeﬁéﬁ?/ an

address of a file entry corresponding to a directory nanme or a file name is
i dent i filesl. s2ee( pfl-ecM spatior Siise st Mt BEBBK Hetles datasigreaofis halay

bl ock shown in the lower part of FIG4 is described. Each AV bl ock except

t he | asiiwided nigtchazpleriad icgnuasads dil@4ds BXRi bhoekeh \wher e egeduCEf

bl ock has about 7MB. 25 To ensure the uninterrupted reproduction of AV

data, tdshddditive Iectorisze aheA¥ibloolt kscHehorpiped iB setakbonukt Bhkhe
buffer of the reproduction apparatus. FIG 13 shows a nodel of buffering of

AVléat%nifﬁ@b£P&p£é&C§eBEBEEEtlBRetﬁ¥ 93RRI dreabgd AR dde; DVILERMgi sc

even 1f a seek operation occurs. In the present embodiment, ﬁhe
size is set to about 7MB. The data area, divided into sectors and
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 metal film, and an uneven part.

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

25 are carved into the surface of the DVD-RAM to show the sector
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treproduction apparatus. In the upper part of FIG 13, the AV data read from
the DVD-RAM disc is 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 drawing, "Vin" represents an to input transfer rate

(m ni mun?94F88F-of the track buffer (rate of data read froman optica
disc), and "Vout" represents an output transfer rate (maxi numval ue) of the
track buffer, wherd&'hg evdm gants imdeinpased-gdbps aancyyat PRirtbp L IRt a
lower part of FIG 13 is a graph showi ng the change is in the data anount of
the trackgbobter andthi Sonveelpatth ¢4l aph)ldhe" ver Eaenl gavover epice IS
the data anmount of the track buffer: the horizontal axis represents tine.

The "T1"h 1 ePhesRUSr&idd "RabRABLRSBskar Jreadi Rgtayt dihen efdpdl1 &Votathase
recorded in the pseudo ctonsecutive record # . In 20 this period T1, the

data ;amouplf LDg.Lrggk. BUILer o RELeases, e | gy L aL g oL LYLA Vel e <
% O as a | S Re

"T2" (alsSo referre unp period) represen maxi mum trnme taken
by the optical pickup for j ing fromthe AV blqck # .to AV bl ock #k (for
exampl e, PRESS UARATEE GrVRHE BT i RSO R MM R GaTe R ER ot Y T e
The junp period 36 _ includes the seek time of the optical pickup and the
tine reqekabe for a orwtaYsonlbinehatapei dapediddad ®hevhetderi 286, matal
this period T2, the data anmobunt of the track buffer decreases at the rate

of Vout.fihmshas eersampdsed heo per lbghf4beamlhe U izeg ofthibepA¥ skl atlange
obt ai ned as follows, where the size is represented as L bytes. In the

period Tehaf¥cHatdstsc| eadtdrem the ddadddufiftio tAily dddver paas.f orrad.e
If the buffer capacity beconmes 0 during this period, an underflow occurs to

o _ i ! , £ oeh
t he ,decogder 1g\é\yb§{r'lis%r%§_ssag:ﬂgl,o%”%eé&% %&H e5HHBt gdler %@ﬁ%&f@”o?. alh ‘iifcf‘v

dat a cannot to ensure e uninterrupte eproduction o
the AV data (not . to generate th nderfl.o he ,fol | ow formul a need  be
satisfie .S%Fo&?‘rﬁ?ac%gn?%t%‘?%?@%%rﬁf&q bé)%~ t(t‘hreea%da-nt)%ta\%adrqng)t%et %ooyﬁe parts
storarge anount B is the ampunt of data that has, been accunulated in_the
track buPferd RVPHBAMNd MSRRYVAY pErebdtRe. TARCTHRE oBEREASYNOR #s DVPs RAM

total anmount of data read during the
exceeds that of an MO disc. Error correction information 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
(Errox 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 Z-CLV
(Zone—-Constant Linear Velocity) during recording and

20 reproduction.

FIG.3A shows the plurality of zone areas provided on a
DVD-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
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20 period T2. The storarge anmount B is cal culated using the follow ng
formul a. <Formul a2> (storarge anmount B) - (period T1)*(vin-Vout) 25 - (read
out time of one AV bl ock) 37 *(Vin-Vout) - (AV block size
L/Vin)*(Vin-Vout) The read-out anmount R is calculated using the follow ng

f or nul a.ratatsorahskdgnédrt Netl ochie ymed rhlva jOMH-RAM i b8l FTetwskpabe telabdiox
1.5 seconds in the worst case. <Fornula 3> (Read-out anmount R) - T2*Vout -
(maxi nuraganmezdres i axkd] )WMautthis belendiise iy ~higi@rnmegebeldserl a5MBne
Repl aci ng both Bides of the Fornula 1 respectively by Fornula 2 and Formul a

3 gives dised hes fRdd oMb a0 d OF B! ghnedF Yedilh iy, 19r (L4 81 S€VI nTHOY! )ensure
Tj*Vout Fromthe Fornula 4, it is derived thdat the AV bl ock size L shou 3

L S e T

considerati is found th . When AV data is recorded ‘f consecutlve
sect or s RFT %mhngnaSHE%&v thck, SaRe FeHQHﬁeﬁF?%pro&Xn PR sS8ec (HEd
even if a junp occurs 38 . between AV bl ocks. The mini mum si ze of AV

bl ock t FeRXAENANARNSAtYpId P ETRANIcEf oRailsed, 5MBA Pt el pr eSORELOL is
enbodi nent, the AV block size is set to 7.2MB. This is because a margin is
incIudemddetémsﬂaruéuria@imgcamdmuguam@hmepﬁbdnaﬁrmnerror or the like
into account. Also, the track buffer capacity should have 1.5MB at the
m ni mum to prevent ralt G USKERS € a0thdHIdRIHOW. arrangement of the lead-in
area, the lead-out area, and the zone area 0-23 that were shown in
10 FIG.3A.

The lead-in area and lead-out area each have a_DMA
(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 is an 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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{1-2-1) Entire System FI G 14 shows the construction of a system i ncl uding
the optical disc recording/ reproduction apparatus of the present io

enbodi ment. ' The systemincludes an optical disc recording/ reproduction
apparatus 1.0 (also referred to as DVD recorder 10), a renpte controller 6
used foreERECRI Nyt t Ae SBTD RIUTYHOR 150 adhependc drithtk i $pFayn1Eheonirne ed
to the DVD recorder 10, and a 15 receiver 9. After the DV/D-RAMdisc is

| oaded, zbhe ,DVMi»r eBofCU¥r the camprassaddrbesesderiaauckoodded et cdifiSerent
included in the anal og broadcasti ng waves which is received through the
recei vepo8itieeer dsn LY essaskgai@, tive thohdepdinbhegk as the nini mum
20 unit, into the DVD-RAM di sc, expands the conpressed video/ audi o dat a,

and outputs the expan L Vi augdi bgn . ont displ a . Ax2-

Har dwar e Structur eﬂgf dl%%'Dé/Rg% r’dergég 5%6341121?12 gd%? olé%[%di ga%gm %%%w?an%t% he
hardwar e _structure 2s. of .t VD 1 rder e rec r. A0

e uaeE bt RO P Raar, 21 iR NPReEreoaartSredh zohes attds Y e for s pec
decoder 4, a video signal processing unit 5 a renpte controller 6, a bus
7, a refBt @ OYRBHY doTiGHalS T AWRPSFF t (BSNanHOg1iFadeSEEEOSF NumpRr)
control unit 1 includes a CPU a, a processor bus Ib, a bus interface Ic,
and a maire negeigned UToe hwaiadl usectdrexeellit esher prsgyr afrseordd igrddmr
main menory Id to control the entire DVD recorder 10 in terns of recording,
reprodustagtied tinug te.irfspedeatiphetetcondbnskcuniitrel ycahiomolenliherHd/D
io recorder in accordance with the file systemwhen AV data is recorded in

t he DVDgBéNb@gsggéatﬂy%lﬁéﬁdﬂ&ﬂ%ﬁ?dé&gﬁ AV bl ocks. The MPEG encoder 2
conpresses the video/audi o data ich is included in the anal og

br ogdcast i L yed; t '
rogdcast ing wavessl eoRinedd FRUOR. | And eBRLY ain & At dieneralds A IPER

stream 15 The di sCc access unit aving a tra

control .of the control_unit_1, records the MPEG streamreceived.from.the
VPEG eni-BddioBPIRTD. Bre TRTEFR HRGE NATS HEZTF bR SHURs) NS r 88 HAEa he
MPEG stream fromthe DVD-RAM di sc, and outputs the read MPEG streamto the
MPEG de¥8d8Mme4 ayieRthe 20 track buffer 3a. The MPEG decoder 4 expands the
conpressed MPEG stream

Also, as shown in FIG.3D, in the innermost and outermost

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
assigned 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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which is read out by the disc access unit 3, and outputs the expanded vi deo
data and audi o signals. The video signal processing unit 5 converts the

vi deo 25 data output fromthe MPEG decoder 4 into video signals for the 40
di spl ay é%i The renote controller iignal receiving unit 8 receives renote
cont r ol PP gl FP%8%n theSFenbPel@dBEFotRaR 624ndFSndAfk S P oMt ofhe
unit 1 of which operation the user has instructed. s The DVD recorder 10
is, as swoWel P ®aoreolrtauzdre basenesnanhdngegriade mdtinke i®f ud24d. as
a replacenment for a VIR used at hone. Not limted to the construction, when
t he DVDERAM th$es ipmriposiee [SA-REM adiecsr dengried utalhDe whipht etywd hehe
follow ng constructions are possible. That is to say, the disc to access
unit 3 isS Aonpectet Bss@ BYBcRAMr b ¥8haRRAAL Uss 20 Fa SONBEt SlariiFeid /e AN
|F called SCSI or IDE. Al so, the conponents other than the disc access unit
3 shpwn ;itx HlG4H,2re achi eved or operated when the GS and the application
program are executed on the conputer hardware. is FIG 16 is a bl ock diagram
showi ng the constr i pn_of the G.encoder 2. As own in the draw ng,

t he MPEG encoder 2§ﬁhc$uaﬁgw§ %iiggiigihékﬁfﬁﬂﬁtgiRéﬁkﬁrtn#h%;i%§¥$g£° k-
storing_the output of the video encoder, an audi o encoder 2c, an audio

buf fer 2ETESH SEHHlienhOWE  oGPBUEABR ERBEauEN® LPRBERIOT atRY stami o Jeikecle0
2e for nultiplexing the encoded video data and audi o data respectively
stored ineltatedi deo DBuaser LEN .dhd tHe abdngthufdfr the, bhasSTAY Shibei Tisre
Clock) unit 2f for generating sync clock signals for the encoder 2, and an
encoder re@rgs@ntsd by2ghkeohuadatr olfl E0g BldckBNAGicNGdeiese Whd v 35 dde,
encoder control unit 2g sends information such as 41 r the GOP

i nf of matpnN ranRd ¢t heNPi ebthRni BhOWEREAONLER bRetkON49t sector (zone end),
namely, the last sector adjacent to the zone boundary, to indicate
the position of the zone boundary.

As described above, the length of the last AV block is

set to a wvariable-length. This prevents each AV block from

15 including a zone boundary. With this arrangement, 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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unit 1 shown in FIG 15 every time a VOBU is generated in the encoding.

Here, the GOP information includes the nunber of packs in the VOBU and the
nunber of packs in the first I-picture in the s VOBU The packs nentioned
here are, for exanple, video packs (V-PACK) and audi o packs (A-PACK) shown
L n Fl GhliG raeachi dali ngelbatiomd Yeerwdn ofth2KBvoAamer danghy, sacthespr eaent
enbodi nent, the GOP information indicates the nunber of sectors assigned to
the VOBYmxhtheshupher sefrsestors assigned to first |I-picture in the 1 o
VOBU . FIG 17 is a block diagram showi ng the construction of the MPEG

decoder 4. As Sho?@FianQ ter%BE%, theMPEGdecodan b | Nl ubdessAoun  in

r
denul ti pl exor 4a di vi di ng streans into video streans and audi O
streag&wxg vi deo buffer 4b for tenporarily 15 storing the divided video
streans,” a Video decoder 4c for decoding the video streans stored in the
video buffer 4b, an audio buffer 4d for tenporarily storing the divided
audf o streams, anTBBdP8CaBEodayeke SheWSdSE6EIOKy afe SathiE s t¥akidesofkBd in
the audi o buffer 4d, an STC (System Tinme C ock) unit 4f for generating sync
20 cl odecignangnagamadiertadd ef andaddigpof psetkvabknegetmenthaayhe. cl ok
signals, and selectors 4h-4) for selecting either a sync clock signal or a
sync clsaadtc st gaale aaddete Wil 1amieef f 5@t thal uea pinde Sepplayieng t hahsel getedr
signal to the denultiplexor 4a, audi o decoder 4e, and vi deo decoder 4c,

respecti el yemest | taphaul@ike nolad el espied Hhe NEEF deehdely 4xbown 42

in the drawi ng may be constructed the sane as ordi nary MPEG decoders 1 n

which t . t.or j r..4q _ar incl u - 2=3)
Funct i g%%%%%r%?ﬁoas}raﬁs;%ﬁﬁlee%%ﬁ ;%%%%To ﬁ:ngtsi 5%%(%106@ |nagtr%gemés %‘gmo%gafﬁgs
constructi.on e.DVD recorder, 10 based on the quﬁtio s of t

cohpondfitd &ﬁt GActi orf (ﬁM1?£P?%ém??ﬁﬂ?@e?E LeRr-&vé Q¥%Qﬁr%#% eptal a

in the control unit 1 executes the programin the main nmenory |d to control
t he hardfrEBeRREN StRtsG 4ar  paChs Ash ¢h FEGIESORGRS DVD rtécor 8eFted is
conposed of

areas with LBNs 84 and 85.

As shown in the third layer, the "space bit map” column

shows whether each sector included in the partition area is

15 assigned or not-assigned. In this example, the assignment state
of each 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."
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a disc recording unit 100, a disc reading unit 101, a file systemunit 102,
a recording/ editing/ reproducing control unit 10S, a user IF unit 106, an
AV data recording unit 110, an AV data editing unit 120, and an AV data
reproducing unit 130. i5 The disc recording unit 100, on receiving a

| ogi cal sector nunffbe aNdblogikcshowat ani thanthsrdf Lagerosbowsofirrheakinl &v
systemunit 102, records the received |logical data onto the disc in units
of ECC Wioeks feacihdl pektietupasedted, Ibisectanshidd foe leegihcahvdatladigs
| ess than 16 sectors, the disc recording unit 20 100 reads the ECC bl ock,

execut e%&@&@%aeomew%%ié@ﬁ &Qeuﬁggs@lga@& QIO ”besﬂg%‘? TI?S ?I'vsc

reading unit 101, on receiving a logical sector “nunber and t he nu

f I f E I
b L e Fyplcts,
t data t th file 4 t t Th b b
seeter Late el Mo Sitan Ll Thls IRt B LAY

is reduced. This is the same with the disc recording unit 100. The file
syst em Uifl NOIDAY fatades sdmcry the &Vsypdoeh dnhessalosafyr beannbyg sionedngs
and editing AV files, and a common file systemunit 104 for executing
processdﬂunannmnethiUNmaﬁIanﬁ.amé BAohbAY¥chki managembatf cthblsywhéchuaire bo2h
on receiving commands fromthe AV data recording unit 110, AV data editing

unit 12Goravel AVa€ial 2 WERHOEHEEHRG nUAt piEKs drel HHE tds Wiss1i§8eQ to AV
reading to files, nanages flles on the optical disc in units of sectors at

th fnekiid d.
the I“ed%y%t e e R dar &2 b darerrng R uaras )

di V. d d del et dat I d
Recor di N Bab 3ol 428 ﬁm%wrﬁ%ﬁé Ri9R84; SBor HoAY Ea T ot Re Aﬂv"ﬁ‘a%t a
recording unit, 110 or, the like, the AV file systemunit 103 updates the AV
bl ock medfsErRt RANISLS, s NIGVERE FHXAVTS) §EkAV 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. 1In this example, the AV blocks
(AV_BLK in the drawing) #0-#2 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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20 witten as "00" (unassigned) to the specified AV data. The AV file
systemunit 103 then records the AV data into the assigned AV bl ock via the
disc recording unit 100. After this, the AV file systemunit 103 updates
the AV bl ock managenent table by witing the assigned AV bl ock as "01" (for
AV bl ockijgn-exid dptat es Ashe zespdce in tamaprbgsponting gadrtt hien selbéospace

i ncluded in the assigned 44 AV bl ock as "0" (assigned). FIG 19 shows the
changes pit tigp AL liac ksHorngeRRNscbablre aadihfepspaceebbidgapnshenvAYadat a
is recorded. The left-hand side of the drawi ng shows change of the 5

of 1 EL: A%:%f‘&%ﬂt%%i e T ont Pon e %?%ﬁ?ﬂ??@"ﬁ%&l i
e i | . nge ‘of "2’
D ock RPN 197 HEE ol A, inort T A0 of THE AU BOER B PAS

the AV bl ock to managenent table,is changed_from "00" (unassigned) to "OL"
(f or 5 AV Refm)assianed £fQudes dGtaa1126he $E88PSFs RcPuBRITPRPPREIRAY BREEK1BN
are changed from"1" (unassigned) to "0" (assigned). Wth this arrangenent,
each AV Hleckoakre Pifomamelifdé sa simoxnuitbast aAl gheasasionsnanwy wathteandsa
consecutive recording area is assigned to 15 AV data as an AV bl ock. (b)
Del eti ng"RV Passidhedicei ThagAd banwind 700 hdal eicr Abatatassigmed hpeY daka
editing unit 120, the AV file systemunit 103 updates the AV bl ock

nmanageneit rtahhe ,byinw ht kB@raBp¥dRheCk 4oL di RGlet Nb 20 SPEEi ta@d AM daga
as "00" (unassigned). The AV file systemunit 103 then updates the space

P o oS 1480 211, he spokgcs boc wied.gn de o o AL lack ne UL
e gpace bIL D et At 2ol st A% SIOME! 020 Atk OGhatleT
table may be recorded as data for the file system, as the space
bit map is, or may be reéorded as one file. In 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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managenment table is changed from"OLl" (for AV data) to "00" (unassigned),
the statuses of all the sectors included in the AV bl ock #n are changed
from"0" (assigned) to "1" (unassigned). (c) Recordi ng Non-AV Data On
receiving a conmand to record non-AV data fromthe recording/ editing/
reproducing control Tuei t sd88ndt hey e MBRAckE! ersysdes Wiiddsl 04 fdehgih§ement
unassi gned sectors which are witten as "1" (unassigned) in the space bit

map and ar.ee | L he A ; i “30" o > in tk
A bl ook e, B R S A R BRraly e e o it
speci fi ed _non- AV dat a. Tecomrgnfil . Sy.st unj 04 then rds.the
non- AV dae[rgcqym oarfcgeqa%sesq gor{é’d S &egres%\}in§3t %e@ d‘lr}’sfg:o.rln}agcclo %i%%ﬁéjr‘)ﬁ’ twiﬁg. the
After this, the common file system 7nit 104 updates the space bit nap hy.
witing tHe&setYdremndefHaefetBr ded/ LRELASASAY dRea Hele PYSEep defyned) in
When not able to find unassigned sectors which are witten as "1"

(unassi gris)/ IBC 13 & padd ehiets e ilerd rahd cadcldidetiary meanagemeeks WFLEt 8n
as "10" (for non-AV) in the AV bl ock managenent table, the common file

syst em uniHow$4 aasisi ghsreeLEal s direant oAy bldelictuirket erorse $POHd{ngasss gord)
to the specified non zo Av data, updates the AV bl ock managenent table by

changi ng i e dniits 19 rd AR AV IPemt On" ¥9G.6f.or MOrRY)9, adea Updas §e59)§t

space bit map changing the statuses of the sectors to "0" (assigned). (d

Dol eting DA A Pela Qufecebybig; 8scoupaRdate dahele nakd\edat aafLom bbs

25 recor rtrng/ reproduci con unit ‘the ‘common fi
systemu

it 104 updates the space hj , by_changi ng, t he statuse o all
the sect g’rléar?%lé%ﬁ‘ di%ﬁg & hglEEEEPFVed ‘}ﬁ@r‘%zv %ﬁaa ‘“% "g]‘}'?ﬁna@g'ilgeée‘%‘q% vhaRd
it is found fromthe AV block managenent’table that one AV block is .
occupf ed 'BFikeve.- RBREt 6rs ®heh direasory” (URERT gie@ndIet hdabsh&Eepr oEesss
the comon file systemunit 104 updates the AV bl ock nmanagenent table by
changi ng "Mmvike ht UGB pf t"MMovA\e VR, 'f r end” 1'0Mo¢ied . iOR. AV dahs) mand@etent
(unassi gned). The recording/ editing/ reproducing control unit 105 controls
the enti ri;y fidddteics e FIG . sV reReehtiscabl yhet B@rectory structure. . Note
that each file recording area shows only "Moviel.VOB." in this
example.

15 The file set descriptor with LBN 80 in the second layer
shows an LBN of a sector in which a file entry of the 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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to control unit 105~controls display of guidance which urges the user to
operate, receives instructions fromthe user reacting to the guidance via
the user IF unit 106, and, in accordance with the user instructions,
requests the AV data recording unit 110, AV data editing unit 120, or AV
dat a repyogugipgckBirl, (130 to execute is operations such as newy recording
of AV data, and reproducing and editing of recorded AV data. The user I|IF

unit 106 receivesf4§n£ﬂgg§ﬁg% éy_QPeEﬁ&gomﬁgﬁéTgtEgcg§@égﬂéﬁggg |l e

eontroller 6, and inforns ecei ved user 1 nstructions to the récording/

SO LT 2O LTGRO L 00 e A S P UL, G

recordi ng request fromthe control unit 105, issue a comand necessary for
achi evi W2 eedpbyt thel Filkge sysdemi mgd aive my, dabd fEPREEUERNGORS tradiFest s
to the AV file systemunit 103. 47 (1-2-4) Commands Executed by File
system &ii thd02a Featdvageapegicide abmmpusichegmantedEilye tdam d &raestdemo
unit 102. The file systemunit 102 receives various comands from5 the AV

data r ef®f €eAghbW thdlAird¥tdata sediidthgainid datdstAgleda reproducing unit
130, and the recording/ editing/ reproducing control unit 105, and nanages

e 1 eS in acoorsiance Aidh L -4eoshat RamaRds e FlGa2Lomnous 2 ity of

comands supporte the file io"systemunit 102 for the file nanagement.

Th i db he, fil t it._1Q02 j. th
commande Y Eie e B B0 BOPL EREATEY Gorh it cOB Rell T4 1 he A Ee g
return a file identification descriptor., i5 DELETE: delete a file fromthe
di sc. MotEe sPBCFRE cRFSCteRe tDiaRtfRAntQ ¢ elasdiyhneRf BKTRBESKdithE

areas in units of AV blocks for deleting an AV file, and cancels the
assignnhte ofntey or et Hgdes enplvraiditys of adaants drodegelrdpitioy sa fisun-sa¢h
fite extent. For example, file entries with LBN 82 and 584 each
include one allocation descriptor. This means that none of these
files is divided into a plurality of extents. 1In contrast, the
file entry with LBN 3585 includes two allocation descriptors,
15 indicating that the file is composed of two extents.

Each directory includes a 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 "root/video/Moviel.VOB"
is traced in the order of: file set descriptor — (D — file entry
(root) — @ — directory (root) — @ — file entry (video) — ()
— directory (video) — ® — file entry (Moviel) —®Q@ — file
(extents #1 and #2 of Moviel.VOB).

25 FIG.10 shows the linkage between the file entries and
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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. Mire specifically, the command assigns recording areas in units of
sectors for AV blocks for non-AV data, and records data into the assigned

sect bl ocks A _ , |

U oam ToEor IOAISR TRETHr Ee e e B T T e KDY, AL E 2
di t t he disg,. RVDI R, di t . nthe.di.sc., .

STATEFSE 51 NI AFUBG (He® CEPPent H4ERLOtd! THE 1115 SyAfomrctRi AR Ay Lon

obtain an attribute of a file. SET-ATTR change an attribute of a currently

opened F8SFFERLOTSAVERREFEL VeddoriPain APFF ¢ i @F $ReOAY séthfpparent of

specifically, the command recording areas in units of AV bl ocks, and

recor dstiiat aodht bs t e ased iynicts M bl cc RELDEVERGE e atonys tidd.eAV Hiilleds. DAT t'he
disc into data in the is nenory. SPLTT: split an AV file on the disc into

two sAV dhbie€i 1SHORTEN:2 dphet 8 unleresseiy panko( ail redgeparincbhdas A ifd | e
on the disc. 20 REPLACE: replace a part of an AV file with data in the

menory. ; SEARCH: PLECOR (daleqheMial Nelsfe SPaR 1) efbSECh ?QF%HE' Hl‘.j..ee%e%tohrg

di sconti nuous boundary (zone“boundary), return "TRUE" i i ncludes t

di scont i bou y;.agg, R " FALSE', 1 T 38, 4.1 of | de t.he
di scont 5%§§gz’bouﬁg§y. 4 -{8{ lu‘(&%houl %bleé not'gd(?vtﬁ'ee?ée)' t é;’t co%%ln&(js ffz)ltﬁe
recordi pg AV daja_apd nQn- AV data are_separatel y_supported as the AV-WRI TE
command gﬂﬁl? ebaﬁrTE cgﬁﬁﬁnégofﬁgeAvpaﬁgglPQCd¥ﬁiHgﬁﬁhit 3¢l Rt a 1S
editing unit s 120, and AV data reproducin nit ég achi eves processes
such asdgte6E@RNY ééﬁ?ﬂﬁg,l@nGhﬁeGﬂEEUtKHg(ﬁ&t@s gbconbinations of the

10 FIG.11A shows a detailed data structure of file entry.
As shown in the drawing, the file entry includes a descriptor tag,
ICB tag, allocation descriptor length, extension attribute, . and
allocation descriptor. "BP" in the drawing represents a bit
position, and "RBPf represents a relative bit position.

15 The descriptor tag is a tag that shows 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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above commands . (1-3) Recording/ Deleting Now, the operations of the DVD
recorder 10 is described io in detail. The;operations are: (1-3-1) Munual
Recordi ng of AV Data, (l-3-2) Programred Recording of AV Data, (1-3-3)

Del eting of AV Data, (1-3-4) Recording of Non-AV Data, and (1-3-5) Deleting
of Non-AV Data. (#na- 1)a1M%B&Hid??COHQbBQiﬁEoéV el d S JBErE8NUYs reﬁQég' ng

is a recording i mredi ately started when the user presses the "Record”

on the NS AN IId Al NN (8! hhiEed Bl d RPALAMRG L ecopging

and sefs tmo or hree 7 tens on the scree or “éxanp e user

resses .t he RECORD button on 20 the repote.controller 6 shown in FIG 22,
Ito he di Si&QFao-QR s%?%%l%taﬁr FBAYE PRafEN268LFet % & |SEFRIMARPS + hion

control of the recording/ editing/ reproducing control unit 105. Wen the
user podssas exteand 1nsed ekilonorkay sigeatary enofeGebhBr shicsis Viie edaha
gui dance i mage 200 is displayed on the screen, a guidance 2s inmage 201 for
setsingurunnm&@gcnbnuheiamidbatﬂmm pessenptsn. efanpiles tirawinegorthag
time" and "recording quality") is displayed. For setting the recording

time, the desrlidi reésaPYEsothentoGde sONdthe SEdLEAL ONGOadl tdh@lentNOL A gL "
or "specify" by 5 operating the cursor button on the renote controllef 6,

then pry %rseisncis‘ghggt LAn’ B'Rl“tﬁu%ca!% Afsw?a e{oo%‘i"c%hs £ Rt é:%/tenEhe

screen c anges fo a gui dance | nmage urgrng e user to |np e b

o7 con Vi RASEo WL GRRCANER! R | 0F 2080 oo APRRGPAFRY (bl T1E°"Es a

recordi_ng condition reIates to the bit rate and resolution of the MPEG data
and haQQﬂﬁ§§3§§&%% %r@FOEaggtéﬁﬁﬁPa ofaﬁae"ﬁ&%9QEuﬁﬁQQEPLnQT%F%ﬁt fate
and resolution for each quality type is shown in FIG 24. 15 Here, suppose

t hed usehoyal dot FITGOLICnit" and "tine

FIG.12A and 12B respectively show a detailed data
structure of the file identification descriptors for directory and
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 is
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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ensuring” quality on the guidance image 201, and then presses the "Record"
button on the guidance i mage 202, as a sanple case of the nmanual recording.
This series of operations allows the manual recording to be started. 20
FIG 25A is a flowhart show ng the nmanual recording process. The process

starts as a notification that the user has_pressed the "Record" button is
sent t §itafe Afedr Bilvgk é§i CrigrrisgfodtcirRdatsntr WL thnithe i ifer tpE tRer
|F unit 106. On 25 receiving the notification, the control unit 105 issues
t he CREAPEGIMCticormapphtatudhie common file systemunit 104 (step 250) . On
receiving the conmand, the common file systemunit 104 returns the file
identification desrGipBoshehen d tmddelpasSibheréving eatend dadta incd htse
process, the file size is specified as the maximum5 size of the disc since

"no |i m\dycihas, peen, SpREi Aved by tRE s ale A6 £16n €58 BUDIRhMR A 59y Lhe

recording/ editing/ reproducing control unit 105 sends a file identifler

and; a r i ndi i e "tine-ensuring"” quality specified as the
reg%rd&%gggﬁégE%éﬁz%ﬁﬁ%#é?éé}data recording unit 110. io The AV data
recording unit 110 instructs the MPE encoggr 2. to_start encoding the video
and audi o data of 13 pRedePRFHi REEtcRANALE- ceF?@dAyhaﬁRﬂ1QQﬁgr vere 9
and transferring the encoded MPEG data to the track buffer 3a. Wiile the
above PVERCEAM|dipeoteecdirhgectihd AP ddia FEEEPegsS aini t Theo P desind Ate
OPEN conmmand to the AV file systemunit 103 (step 251) to allow the AV file

syst emdatat iE03hea seopertiélli beordéninfthat toackldsefigr of FOFVemethyryhe
control unit 105 and information on the tile entry into a work nmenory (not

i1l ust zgied)s (ddtet i 16 of At 40808 oL edThnthBe dWakK ngE MM ri's Adpredeiesrag to
as 20 "Fd" (File descriptor) . The AV data recording unit 110 issues the

T TESAmE I e [ALELAUS! LB o10nEYEEkch B | Ak o
OIS IOMANE EOTSL, ML 10 (SEEPS (RAZ AN P Tho IS LSl K10
transfer rate (maximum value) of the track buffer, where Vr>Vo.
In this model, Vin=8Mbps and Vout=11Mbps.
The lower part of FIG.13 is a graph showing the change
15 in the data amount of the track buffer in this model. In the
graph, the vertical axis represents the data amount of the track
buffer; the horizontal axis represents time.
The "T1" represents a time required 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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52 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 issued in step 254
to process the allocation descriptor of the last extent to be held in the
Fd. The CLOSE command is issued in 5 step 255 to wite back the Fd in the
wor k menmal e tie 434k RAMdicE tae apftikeli gerkubl aad ehededmel pleaiuirad
file entry or the like on the DVD-RAM di sc. Now, the data recordi ng process

execut eckdly the AMtWREEE @My ostdescribed B %@t %‘t!abllo.l.fé(ﬁ 261hS tRis

flowchart show ng the process perforned by the AV file systemunit 103

havi ng dmbhe m S fff%%'a‘ﬂi

AV- VR Tlg%g%iﬁxrcgn Ei’s tlﬁ\sés\lﬁ? %anq? \f”ff l_?%gs&']s:ttaglr}% l?gll é%}%?’uer emtt fhe

t hree par speC|f d The ree ar.a rs res vely indicate: the
Fd haV|Hﬁﬁﬁ%éﬁ£ BBene B§ thet Eﬁa n%%§ &ﬁ?éﬁfg%% above; the size
of data to be recorded; and a buffer g n this enbodinent, the track buffer
3a) Storing the daffRe Figer@iside Aledlnrk He mbtakned ancfodbawsaswhase
file entry does, information of a storage position of an extent and a

| engt h dfhd hei 2xt £at rephesEdtes apdat egtesery tine zo the AV-WRI TE command
is issued during the period between the opening and closing of the Fd. For

the second or a subseghenpekrssdeTof AvedfaWH e DM thirewr@akabuFfer.
additionally witten, followi ng the already-recorded data. As shown in

FI'G 26, dfw, Akl &sS ééﬁ:?@rﬂl@'dt 1% hﬁ‘?il AH 25 A CUPL Ef £ § 0be £OMBLT HIaTiR5nE

si ze speC|f|ed as a paraneter. Until data of the specified size Is

o ons 1 THe SR e 2Eh e 59%3%%%&% 5 e %Lgr@g%ﬁte#elggt@sg{n?gﬁtlﬁe

disc., Mure specifically, when an opened file doe i nclude already 5
recé?ded‘atﬁ?%“(vm’%etH@lﬁ‘ge\ﬁﬁi-l?ﬁeéomﬁ@dlué:tl%ébg orite 4h aF%cSFHFﬁﬁ be

process); or when an opened file includes already
ensured.

Here, to ensure the uninterrupted reproduction of the
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 TI.
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>

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

25

(read out time of one AV block)
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recorded data (when. the AV-WRI TE commuand is issued twice in a recording
process) and the data is recorded to the end of an AV bl ock (step 266: No),
the AV file systemunit 103 detects an AV to block with status "00"
(unassigned) by referring to the AV bl ock managenent table (step 267),
changes the status to "01" (for AV data)viﬁl@g\gg8), and changes the
statuses, of all the sectors included in the W | ock from"1" (unassigned)

to "0" (assigned) (step 269y. is We eped.file incl

al ready-recorded data and the daté‘iQAﬁg?f$%€o?ﬁ€8 ﬁébﬁﬁéu3§EQ&N95FUM/

bl ock (step 266: Yes), the AV file systemunit 103 proceeds to step 270.
The AV file system Thf t*ad%- P&t cFeQURfath HaGhFH ated wiinmethe cfoklovbng
the track buffer 3a, and records the fetched 20 data to the first sector of
t he new foawuilgnedInVibl coksbderedatbatt bire frodxbwimg) wmpapariedof jlediskcher
on the DVD-RAM di sc (step 270). The AV file systemunit 103 then updates

t he countkoutstiep Z2tlndBherA\tie lwosytsteansainit |1 03 judges whet her two
sectors in which data was recorded nost recently are consecutive sectors 2s
(step 272¥%orkh8A¥>f il e systemunit 103 judges that the two 54 . :
sectors are not consecutive when the two sectors are not physically
consecutive or mhenggeggpgugogﬁg%5¥ §§i§t§zu%%wﬁgn the sectors. The
presence of a zone boundary between e séCtors is judged by referring to
the | ast-block-length table shown in FIG5, 5 Wen it is judged as negative
in step 272, the AV file systemunit 103 afrf‘%’\?\?sm’t’%eJ‘&i“PoEﬁFil%ﬁ deddMiPttor
of Fd to hold, as one extent, the AV data recorded the AV bl ock imedi ately
before the current AV block (step 273). ¥hen$¢ct8Mpnaged as positive in
step 272, control returns to step 265. io when data of the specified size
is clonpl etely recorded by repeating the #etdrdéggbbdbtsdata i nto sectors
(step 265: Yes), the AV file systemunit 103 allows Fd to hold the

al l ocation descriptor of the |ast extent=incétmeling the |ast-recorded sector
(step 274) to end the "AV-WRI TE" process. 15 As described above, on

receiving the AV-WRJb cOMBNHoth sides of the Formula 1 respectively by
Formula 2 and Formula 3 gives us the following formula.
<Formula 4>
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 Tj*Vin*Vout/ (Vin-Vout)

20

v

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

v

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 Dblock, uninterrupted reproduction is secured even if a jump occurs
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the AV file systemunit 103 assigns areas to the specified AV data in units
of AV bl ocks which are each a consecutive area of about 7MB. Wth this
arrangenent, each extent, except the last extent, in each AV file in which
AV data has been recorded has at |east 20 about 7MB. This ensures the

uni nt erpapledn’ ERTORISIAN, | Irhe dB$GMEdsioe (HE gakep@bcgonyeni

that data having a size of one sector Is recorded onto the DVD-RAM di sc In

e otV EREEBres TRED R r ! B X TR hr oRhecReEs N B

sectors) in_size. 55 ,41-3-2) Programmed RecqQrding of AV Data The . |
progr ankB8 AYcHHATY $52% +2cBRE| ﬁg prétdss petoriePHRRRSEne BeEdisy dsses

the "Record" key on the renote controller with a tinme for programred

r ecor di hgcheded5irerke value, pralsimedn mcunrengerobd adss 'epaut for' thed
"Ti me- Ensuri ng"” on the guidance image 201, as a sanple case of the

pr ogr anhtder dtdradi agcodint s ahlews the pregrkarmeffercoapaoityosheudtatatk
FIG 25B is a flowhart show ng the programmed recording to process. The

process) st@pt §tagha m@dﬂﬁdﬁﬁﬂdwbﬁéﬁﬁqﬂf&hlﬁﬁﬁuf@é@@%eéﬁe@naéﬁfiﬁﬁqord"_
button is sent to the recording/ editing/ reproducing control unit 105 via

t he useg Lg_ Qih QQ. @Q;r agiving the notification, the control unit 105
notifi 1 1 abire Shod ystemunit 104 of the specified tinme and
i ssues t he CREATE d.to t% sane ynit 104 % ep 256). On receivi t he
conmmand, the co CP']IEBZQ LN ?'l%ictonfg:furcgﬁﬂnn Sf%l‘?e sfyisl(%gnﬁ &Qﬁtlf'l‘féil@ﬁin%}?
descriptor when it is possible to create a file. In this process, the file
si ze | sOBpeERL cdl$® BecOREingTheEeBEORAVCEAOR ARRAEDFHEsPENIRR) PEast
specified tine. Also, the recording/ editing/ reproducing control unit 105
j udges eeofidmeateas corresponding to the specified tine can be assigned
based on whether a file identification descriptor has been sent (step 257).
25 Having judged tiwd tbgsaefas iGgrilnpiede ansi pprd.cdlhe disc recording/
reproduction apparatus 10 (also referred to as DVD recorder 10),
a remote controller 6 used for operating the DVD 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) Hardware Structure of DVD Recorder 10

FIG.15 is a block diagram showing the hardware structure

25 of the DVD recorder 10.



66 control unit 105 ends the programmed recording process by performng
the error process. Having judged that the areas can be assigned, the
control unit 105 sends a file identifier. A specified tine, and a paraneter
rndicating the "tinme-ensuring” quality specified as the recording condition
to the AV data redredDV®P wrdorddr X imckhidesnga tbeserdypasidaf li,nfar meE®N,
the AV data recording unit 110 issues the OPEN command (step 259) when it

i's the spesddit e, td B 4@ b ds o & NG $p8fs 2eBodekha, subsetENtsignal
processes of to the AV data recording unit 110 are al nbst the sane as the

Steps 25252805 SOV FEG 20A bl Noh fEa CPEN qommand, o the AV fdil

syst em-uni t repéating to issue the cdmmand unti'l’

end tine, and issuing the CLOSE.command (steps, 258-262). As.,descri bed
Sbove, TIRIEP L AnheEn Pl c Gty ST arie RSN Ehet her enough
unassi gned AV bl ocks for the specified tine are_available for the
progranmed recor dith§. CREEEOEhERIENS ARAEFARF & HPEtaps® FFPGHE DS Py e
reversed. (1-3-3) Deleting of AV Data 20 Both AV files and non-AV files are
del et eca bpushe. rdombace i Le, systena unatnl oengmn tde DEDETEewtmahdunst 1

i ssued. When receiving the DELETE command to delete a certain file, the

common diéeutyst ampuidratdis todgas inhaswermdire nembayn 1fd |0 i 8oaRrAY ftiHee
or a non-AV file by referring to the extension of the file nanme 2s and

attri budee i fd Oriipd | b cditfe £OMMN if | @ SYS! eWrUNEEPAisy, RELXYIRing,
di fferent processes on the AV bl ock managenent table andthe space bit "map

in acco W t he | e tr FJ. G, 27 41 S h
showi ngéc?%gfﬁgbcggsct “of ggﬁé?%hggg\’/ fi ees&f)ﬂgér#%]? n!ég)lgy lt h%g%%% fa; ?\'fge DVD
systemunit 104. 5 The common file _system ynit 104 judges whether an extent
ShaRT 0 HRCUEREE ot by SFEPSERTRS « BLthe 11T e Lot S0t EERS AL, Pect ok A%
(step 240). Having judged as positive in this step, the common file system
unit 102e&Qede@siih hﬁvDHDoaiQ&nﬁh@@eﬁéhtth&amlénmum units of AV blocks.

The MPEG encoder 2 compresses the video/audio data which
is included in the analog broadcasting waves received through the
receiver 9 and generates an MPEG stream.

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 via the

20 track buffer 3a.

The MPEG decoder 4 expands the compressed MPEG stream
which 1s 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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by changing the status of the AV block included in the extent fromto "01"
(for AV data) to "00" (unassigned) (step 241), updates the space bit map by
changi ng the statuses of all the sectors included in the AV block from"OQ"
(assigned) to "1" (unassigned) (step 242), and deletes the extent fromfile
entry (éieplag3l2.ven there is no extent to be deleted (step 240: No), the
common file 15 systemunit 104 deletes the file identification descriptor
and ends the AV fiTre dedngdtieoncqivcesber FE{gR8A shoesdviabeuad tA¥ fid@sivdhe
upper part of the drawing shows that AV files #1 and #2 are recorded in the

AV bl ocken#id EOntEdiidhes fyndiserfidninh&ormpsesd nd o 1 etashd AL £9rms
files #1-1 and #1-2). The AV file #2 is conposed of AV files #2-1 and #2- 2.

1
The |l o p FI.G.28 t hat et the AV
il e #1o0 ERECRO oIS ST amd Lo ol B 25 A e B
bl ock managenment tgable and the space bit map corresponding to the deletion
shotin i n 25 FI G 264° THD IRAOHAH K e o FITIBE 19h oS ‘tife SORTE HHT e
58 deletion, and the right-hand side shows after deletion. In the AV
bl ock neaagenem thdlRrentaeusbatof tt B NF S Rk s2 #19P hpdeReBtaferc vanfeRr|
from"OLl" (for AV data) to "00" (unassigned) in accordance with the

pr oceduugeghatinhiomell GNot. limited spacehédi comaprustavnsewhen abk tDD-~RAM
sectors included in the AV bl ocks are changed from"0" (assigned) to "1"

(unassi@ned) .id t tohae dukednoied sherecbbainghendomes Eakt @dmph&e2§A ignhdot
intended to show that the AV data included in the AV bl ocks #11 and #14 is

hvsi L . . i t ; i d
Eyyfhgaﬁéx%g%%lbgqgvg?gﬁgg%%%ﬂslégs ?¥§g?%?ek:corgf%gﬂ%fgﬂgﬁ?xgygg¥%cgﬁ%?ZQ
K fl hart show.ng.th f I AV fil f d b
e corfenc et 80 et it BnkERI0R Cote TorfoR P TR s Ui Ao ACH 5 BF 2
receiving the WRTTE command fromthe recording/ editin oduci ng

/
cont r ol CHRPEEEE5PUSh &1 ATot | i F3- 82 t ¥n? hinPF i@ﬁ'jua&ggfaﬁgéhgpmﬂﬁﬂﬁﬁq%

non- AV data to be recorded (step 261).
other than the disc access unit 3 shown in FIG.1l5 are achieved or

operated when the 0S and the application program are executed on
the computer hardware.

15 FIG.16 is a block diagram showing the constfuction 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 audio encoder 2c¢, an audio buffer
2d for storing 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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Havi ng judged as positive in this step, the conmmon file systemunit 104
det ects unassi gned sectors which are witten as "1" zo (unassigned) in the
space bit map and are included in the AV blocks witten as "10" (for

non- AV) or "00" (unassigned) in the AV bl ock nmanagenent table (step 262).
Wien t h&het {8 éﬂfpﬁ@agt Wopl ¢ald | Hee uBtaHUERe iadicamadd- Fecter §hps cqurrol
(unassi gned), the comon file systemunit 104 changes the status to "10"
(for nonn2s AV) shewep 1263FIGchangesnyhet snat ase¥ORY the ghnenitei séat drlse
from 59 "0" (assigned) to "1" (unassigned) (step 264), and records the
non- AV datadingQ t Rerdet eakedopechO6tmiBion 2A8)udébe thenimbelr & 15yl
unit 104 then judges whether two sectors in which data was recorded nost

recently_are.c cut, v s 6 i §nl ' d ya: | [
266, co%tlr E):Fler gtagr%nghtboﬁgtée%&g%§§ % %Qéﬁslgs-njg gggg%ngg tlr&\%telr\étGhlerpctg{rffrgn
f|| S uni,t 104 records .Jin the file t he cat i ndescrl tor

' the” BB "Irhel BT et f}%ﬁm%%aé%e%?@pt%e YifRenPatkesl o
(step 268) to end t he non- AV dat a recordlng process, %1 3- S%HDeIetlng ~of
Non- AV ¥t XPEK)r &0& AUt @ IRa e B RRrfand %‘ﬁ%ciLFyFﬁ& -4 Oc e P& PRAVIAS rom

the recordi ng/ editing/ reproducing control unit 105, and when the certain
file isfagrdAlengts, ofhdkBermbaAcordengyy ehnuhhe E@&Sﬁaﬁféﬂﬁﬁduﬁ@ndeléﬂkon
process as follows. is FIG 30 is a flowhart show ng the process of

del et i ngoron-r\6 fmd teisopet fidi oate by thbe namiean dfi | secyst enmasnignt&ds4 tolhshe
common file systemunit |04 judges whet her an extent should be del eted by

referr'?@Bboahaetﬁb|ﬁuﬁBEEYOQfséB€o§9€§s§i§HeHOBoAY1EbEeIG%h%Qu%%lhn|%H@r@
judged as positive in this step, 20 the common le systemunit 104 updates

the s page %It map by changing the statuses of all the sectors included in
the ext F’ from"0" (assi gned) to "1" (unassi gned) (step 272). The conmon
file systemunit 104 tge. er_the statuses ectors

i ncluded in an AV bfGc jrﬁce‘nt Al i w%%%a’é@?gﬁ@&)ss:ﬁyc%ép& Qg

to the AV bl ock managenent tabl e 60
the MPEG decoder 4. As shown in the drawing, the MPEG decoder 4

includes a demultiplexor 4a for dividing MPEG streams into video
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 wvalues to the sync
clock signals, and selectors 4h-4j 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
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(step 273). Wien it is judged so in the step, the common file systemunit
104 updates the AV bl ock managenent table by changing the status of the AV
bl ock from™"10" ( for non-AV data) to "00" (unassigned) (step 274). The
common file systemunit 104 deletes s the allocation descriptor of the
extent firomchle 8irheiagt myay sbep &AL rudiesd r efhy nsame siep cABinaMenMEEG S
judged that there is no extent to be deleted, the non-AV file deletion
process flrsde Fs Gi3LAsihayst gl @tettéc@@&}sA\ért i £8S 4ThehaiPREHReRAMdg Ofr&Ne ot
drawi ng shows that AV black #11 includes non-AV files #3 and i0 #4. Each of
t he, ”qu?ﬂidé s #3 and #4 includes only one extent. The | ower part of

FI G 31A at the extent has been deleted fromthe non-AV file #3.

FI G 31B shaws, t he. AV bl ock managenent table and the space
bit map -cox Rt Aot b8HB8 % shown in 15 FI G 31A. The left-hand

si de of FIG.31B shoms the state before deletion, and the right-hand side
shows after deletlgﬁGIL?ttk?/“ﬂbI%@WC%%%%gehéﬁFktaﬁ%@gﬁqﬁas%%@%$n§f the
AV bl ock #11 remains to be "10" (fox non-AV data) in accordance with the

pr ocedurerstowct rorFldE 3hesiDMe deidoerdé4 démbiased rort hehd| Hukctionshe fspaee
bit 20 map, statuses of all the sectors included in the extent of AV bl ock

#11 are (rgngeshts om £OCh(8aatgned) shewnlin( whas i .14 tachost-dabg rreted
here that the lower part of FIG 31A is not intended to show that the non-AV

dat a '”Ct!é-téd‘%fbd N 4 hg, fﬂﬂeed%% r,%&p $gC lE&eg:%lt‘:étse?cihé bES éﬁlylnt?ggnﬂg;iév

data is alt as 2s inva ata the AV file systemunit

- As apparent fromthe a sc i on e DVD- he present

enbomlﬂﬂﬁquXH e%otﬁ%ng egﬁ?tﬁﬁgéwﬁﬁa Fﬁgwﬂvl R@Q%P&a 'agenent table as
a part of the file systentnana ement information. This constructi on ensures
uni Mt errupted repr BJustPHR &F %@Gdéﬁa RO VERSSARISR 1) ebd GPRPasErgREd

inunits of AV blocks. In the DVD-RAM of the present enbodi nent, when an AV
a disc recording unit 100, a disc reading unit 101, a file system

unit 102, a recording/ editing/ reproducing control unit 105, a
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). IEf
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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block is assigned to AV data, the statuses of all the sectors included in
the AV bl ock are changed to "assigned” in the space io bit map. Wth such a
managenent net hod, even if the DVD-RAM of the present invention is accessed
by a conventional file systemwhich supports only the space bit map, the
fol | owi n§YStsn emxitar e Prievehseldecduss by weiadiog AW dlagectior sanits udédECA
AV bl ocks for AV data, and consecutive sector areas assigned to AV data are
used 15 alcddksst (edxindelodckgecdhposedt ofsliénekadedsin AvddheEdes asstgiededo
non- AV data, only the statuses of the sectors in which data has actually

been recanded i pdoyinaSyi @gStenedi sknrbberapageubit AR, That is to say,
different fromthe case of the AV blocks zo assigned to AV data, the

f th i [ : - h
s " asei gned" 1 n theTRpele Y SOl ¢ A gl s RO e DRE AT

data can recorded _into _an AV bl ock when there are unassigned areas in_it
even 1 f 11??:’ O%\WBFBEV W % bBEHCLBE; EXeCFaJtlc?sdno?‘% r 2kiSRPHAN nohl av
data. 62 This enables the use efficiency of the entire disc to be

i npr oved SSEGER f URhE di0dc fare| 9RSUBERE RYOKESSRS fIATIQN daPaPindiAR D] ards
for non-AV data. In the above enbodi nent, the DVD recorder 10 is, as 5
shown i nneinGAM, £zdast r ucthed Hakedsgstehe ymdani &2t hat ireciesviserd asmmands
repl acenent for a VIR used at honme. Not limted to the construction, when

the DVD- RAMndithe AV tatherdseddangauheeol ddpoavedstsn @1t LOGPELEE S120 N €and
foll ow ng constructions are possible. That is to say, the disc access unit

3 is con t a i i appar. ;! C d i
| F call e%‘%(%gt%r%le%é@é%%o!& t ep%oﬁggngﬁt sr%gtléﬁ:elr&?hﬁ% ?ggﬁélﬁéc%lgzc%éséd% t

3 sh in.ElG 1 chi eved or er at.ed en. the,. OS and_the applicatio
pr og% éfrleleeS%ecrg?rgég%% F‘ﬁeegoﬁ%utt%% hoaqt&m%arvg.g*%’lcth?sugégg, % hespeg:its%rs 2t
recording unit, 100, disc reading unit 10l, and file system 15 unit 102 are
mai nly acRiCeTBd- % mpl i cati ons for enhancing the OS or the functions. of

the O5. Also, the other conponents other than
Among various types of file management functions

performed by the file system unit 102, (a) recording AV data, (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 to 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 100. 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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these are mainly achieved as functions of the application prograns. The
various commands supported by the file systemunit 102 are equivalent to
servi ce commands, such as a systemcall 20 conmand, provided to the
applications. In the above enbodinent, two bits are used to indicate the
assi gnnmant bdioatkisa 0f" Factags egreedf . AV data in the AV bl ock nmanagenent

tabl e. However, the nunber of bits nay be increased so that other kinds of
attribute informatien,can diesasdede Znarifes32inhane the seeend sonsheMehiton
exanpl e of the AV 63 bl ock managenent table. The AV bl ock managenent

tabl e i Relydes, AN Al¢ AGRIPS: 07 PLHEA! AY gk aPiigCes M dutp- byt e data

whi ch e a S|gnnent ormation and attribute ‘ormation. The

upper four bits of e e dat are_use for Lepresen

t he assi gnment sta %#hg Rélﬁ%&%: % t%%s FEB&RY R0ONe 5t' Ble
enbodi nent. The Iomer 12 bits represent the nunber of effective ECC bl ocks
in the &wordigondiatd AYNDb| §6BR. EYr ekafll cnanpgemppst P&OBPockRPHERAdeshe24
("EO" in hexadeci mal notation) effective ECCio blocks, and the sixth AV

bl ock i melsidmme223 sitabis iof fteeaddcbimkkndnat i dife efifgnt-hendECGH dé ooRsthés
descri bed above, in the AV bl ock managenent table shown in FIG 32, the

nunber efra®fihecishersEChablgeclkes hopaeach fAYhll eplades Hlepmaied:off@spwﬂa@ﬁgof
ef fective ECC bl ocks being the 15 total nunber of ECC bl ocks included in

each AVl ogke f 5eEWisChi dbBydeiben ofn&ECRbIades. i £l udixng §~Ho§ﬁdrﬁ§sthe

error |s subtracted. If the file systemunit 102 could not obtain the

nunber a%efnfr?ggt'%ﬁeﬁcccrpé T e ﬁeg‘l%@ Zl‘f\P%ﬁeb%%eﬂﬁb

to perforn1an [ddress error rocess when recor data Sincé it
|npOSS|bIe for the file sten1un|t 102 t0_ [eco nlze th

R O S LA = L TN e St et PR el

to the AV bl ock managenent table shown in the dramﬁng the file systemunit
102 is ﬂ@ﬁ@éve@hﬁréﬁﬁﬁﬁée@oﬁﬁlEéétébea§§¢§9§5elncluéﬁdcéésth%cégsbl?chhén
data is z5 recorded. 64

are changed from "1" (unassigned) to "0" (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
1s 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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Note that it is also possible to have another information which indicates

t he ECC bl ocks or sectors in which address errors occur and to allow the AV
file systemto use the information. 5 It is also possible to reduce the
anount of process perfornmed by the file system by using the nost

si gni fi managiemerds #fiableg ismdcbanigrd "fwom aliPé "l ehfoh” AF Yadw)vatoalblE"”

| ength" and by using the value indicating the size of the AV bl ock as an

ef f ecti yenuaktgned)y when sitheddeag dfs 4N, £t sdstPessihbeuddan i dhe av
probability of the occurrence of address errors is very |ow and when al npst
all thep ARl Qaks 3l @HARCREN AR ag Naudid dhdd)xad | et PunkbGi 33 dfjows the
third construction exanpl™e of the AV bl ock managenent table. i5 The AV

bl ock g . ing| an arrangenent of a plurality of pieces of
four-b??ggaggg%kpéﬁgtgk gﬁgagﬁf%e assignnment information and attribute
information. The | ower three bits of each piece of four-bit data are used
for representing tHe G8SELYNIBHL 2sCRMHENGr ton&eRP s R AY daser fBed ithe he
present zo enbodi nent. Wien the nost significant bit is "1" (also referred
to as areaprdbne/| edgthney t yephediting repntnes whkt 108, ctiheesommerh| fidle
has a variable I ength, when the bit is "0," the bit indicates a fixed

| engt h. siieten wheart a0 A\ddtecks hasaasigred kengolrs iwhiatdi eategrtihatent g AV
bl ock includes 224 effective ECC 25 bl ocks wi thout address errors.

G herw sgr theaA¥ikneey has thépaddndiabimgag et hardniA¥1BkheekS nhahed av
vari abl e I ength when the AV bl ock includes an ECC bl ock having an address

error o t.he: | 9CK wh $ ut | o A t

boundar%%wgﬁg Spg%ﬁ%%ﬁnggh g? aW$§%?§EF§¥X@ b%%c%ﬂ%sq$£§%%§%g ?%%%%ﬁﬂfnt
arjabl e-l ength AV bl ock tabl e shown_on the, right-hand side of..the _draw.ng.
T L EabTAd e AP g aEhE REEECH A BRC ok Rl e 3l PR L O AL
for each variabl e AV bl ock, a block nunmber and the nunber of effective ECC

bl ocks. da§ashovi§¢ nCPHEORr &Ly SHSTAhe DAL bl Bk LRERaFORMEAS abhe, nep-AV

bl ocks with the io variable-length .bit are represented by boxes w th sl ant
lines. Thtanimiey tife ei$etgned ESCtbkecksaf theegilsofrederdingr iabite U0dhgt h
AV bl ocks is recorded in the variable-length AV bl ock table. Wth such an
arr angengferi ahibi cbhéheomaon abi Be | €pgtdm Alh Dt ork4 t @pletesclhdespaicer bdach
vari abl e AV bl ock, a block nunmber is and the nunber of effective ECC

ST BT RSESL kel bl s gt onaal ctndonbheayontl i oot

varjabl ¢,Len9 )l 20 dflef NEo£VaBh 8Ck 1A% TRINs J i3 &1 SLECorENGNN Lre
written as "1" (unassigned) in the space 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 aésigns sectors
in an AV block written as "00" (unassigned) to the specified non-

200 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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construction exanple, conpared with the second construction zo exanple, has
a reduced size of the AV bl ock nmanagenent table. Wen the physical size of
each AV block is set as variable-length, it is possible to performthe
mappi ng of the sectors and the AV bl ocks without difficulty by recording
the sizepsdm addit o Augdacds tite tdpacaiabherd egidnatdibipahd altfsugds it

is further possible to performthe mappi ng of the sectors and ss the AV

bl ocks vt Beyt %%é”s_%ﬁlt&sbyréﬁxg%%kﬁgthge U568 AbnOAIDIatd T RGK nqn

punber, zone nunber in the AV nagenent table, instead of recording

Fi'c 5 Bibtas o ARt St rik RS A 3 bl et

table. The AV bl ock managenent table includes an arrangenment of a plurality
of pi eced@bf Pfo-BYt &1Pstka Whi OF RS L oPY e§5‘8nds?%t%ﬁg Ky oRkatigen L

pi ece of two-byte data indicates the nunber of 1o files recorded in the AV
bl o€k, &Gsnawsigned) Hey dghd @hmsm petess, THe |erEon durlehisys tere weldd For
representing the assignnment status~of the AV bl ocks as described in the

pr esentupddods nehie. AtheloermdRabementndabake dyhectramdiieig othéi beatuderes

t he nunber of files is 4095 at the maxi num Therefore, it is possible to 15

record 4O Fihescknresr AYobl qaer HeAU RadOvedo 129 bt t suRsSsighenned to
as a,counter. Each counter corresponds to one AV block. It may happen that

one file is divi d%‘i’xé”ﬁeé&f&iﬂ?? ie@i%i%%?%%%yoaﬁc?ﬁgblc%%‘csrd’ﬂ"eﬂn&Iee 1fd5|t €

is AV file generally having a Farge siz eto area 20 assi gnnen
even in_case of non- AV .fi | neral Iy having a small size._In S se,
t he couﬁ?%?r?gaar °a® rllreofD‘gSf iF186 T EE S dl}@'i n ItaﬂﬁeA\?R?chefla%a%{nqw\é’fictl :
That is to égg, whet her the AV file includes a whole file or a part of a
fil8, ecamtEabanit RHyFrrers iy ehguikencsuntech Nages e usey | e

is divided and 25 recorded in a plurality of extents in one AV bl ock, the
file i st@7operate, receives instructions from the user reacting to the

guidance via the user IF unit 106, and, in accordance with the
user instructions, requests the AV data recording 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
editing of recorded AV data.

The wuser IF unit 106 receives instructions for
operations from the user via the remote controller 6, and informs
the received wuser 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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regarded as one file. The use of such a counter provides two nerits to the
managenent of the AV blocks. The first nerit is that it becones easier to

j udge whet her to rel ease AV bl ocks for non-AV data. In the present

enbodi nent, the file systemunit 102 rel eases an AV bl ock as unassi gned
when cofi+2A#hgCoymaebier Exegutted hy Fhidee shistem@rtiatl@® | the sectors
included in the AV bl ock are unassi gned. As understood fromthis, in the
present enbodi nentgollowWitlease aheA¥oRdels tshpg@@@@a biyt tHap fig e efaydead
to. However, when the AV to bl ock nmanagenent ~t abl e i ncl udes counters as
shown ip FLG@g4, it is possible to release an AV bl ock for non-AV data when
the counter 1s."0." This elimnates the necessity for referring to the

space bit map. It s dl ess .to say.,t the space_hit map _should b
ibdated each i me MR FIE qaracgy Psmidn, SEel TRE° vHst o Bl serem o
that it becones easier for a plurality of files to coexist in_agne_AV bl ock
for SAV e AVTHRLR cFAFOREGERG sinit nhi Gatdl dReaRALLINGhRRRtohé0AVAV datias
divided into a plurality of AV files by editing not that an AV file is
added tpemnoducbihgckunit wiiBOh aard héheArdcdrdimg/ aleaddddyndeeneRoodacdrded.
In this case, it is possible by using the counter to detect the presence of
a pluratohyrefl At | 2685) nand Adnklgeck tel £oleel easacroraridockivherHehe

counter is "0." Inreality, it is enough to take into account a case where
two filesc6p63HStolhagng AV block. In this case, it is 2s enough to set a
flag, instead of a counter, indicating "coexist" 68 of "not coexist." In

this case, the1ﬁlf&éyf%egﬁgﬂétalgzg%a%fr%%%héﬂa§ (éﬁgg%%&i%%nﬁﬂetg&%en

det erm ne whether to rel ease an A ["lock for non-A a, as SCrib

th t enbodj mepg, _and fer to the " istent” flag to detern;
undPhors (BLE| BRSE LOAR SN TROUH TormafAGERent | 1A PROAhLennl SPotete

fourth construction exanple to use the variable-length bit described in the
third devistthct fdhceairgien RoithekPdran i ¥esponss| behposxmgranNd®r amge

AV bl ock
described below.

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
200 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-AV data, and records data into the assigned

25 sectors.
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ranagenent table to additionally include the size of AV block if io the
size of the data for each AV block is increased to three bytes or nore.
FI G 35 shows the fifth construction exanple of the AV bl ock managenent
table. In the present enbodi nent, the last AV block in each i5 zone has a
vari abl e | engt h soR&&Dnotreadz endifeurftony e vilisEén one AV block. In the
fifth construction exanple, each AV block has a fixed |length of about 7MB,
and AV bl ocks are SEE&ngewvier amsifie ¢ aldtofstteani secondedden. tha diist.
case, like the AV blocks represented by slant lines in FIG 35, sonme AV

bl ocks may incl uder2@a®rz0RebRNdars;1d tndmge | MPOSsible to secure the
uni nterrupted reproduction for the AV bl ocks including a zone boundary.

Therefore, it isr i-red i nf Lon_.jingdjicati whet her each
AV bl ock includes gﬁ?gﬁé o%ﬁ%&?%ﬁ% h#sp%ét%%}ge?ht iégfll-:l%?%'const ruction

exanpl e allows the | ock managengnt 2s table to_have. a flag indicating
whet her each AV bl %I?hclrﬁfﬂ%’ea @%reﬂ%’:}b %rV?eT‘ﬁbsﬁv bl ock

managenment table shown in FIG 35 includes an arrangenment of a plurality of
pi eces of four-bit STATEERI cin@Hicte cabpuspdie (G oFRNAVSEREEK OfTHE\@Ipfate
one bit indicates s whether the correspondi ng AV bl ock includes a zone
boundar ysysHenl ower three bits indicate the assignnent status of the AV

bl ock. In this case, the file systemunit 102 assigns three consecutive AV

bl ocks whose cent eGEAMaRTRGK JIpRWiRg st Zonter ourslasy 4orone. AV file, and
does not assign one AV bl ock having a zone boundary to io one AV file. Wth

this arrangenment, kkrl$1R@SSI 9 S gi nfer L upted Lenkpd I
even if an AV file FS recorde %% 0 ?ﬁéqggpﬁ?ggﬁ ha&?ng a zoﬁE%B&ﬁngg%§ga

V\hepoitr#.sléoresurred that only non-AV files can be recorded in the AV bl ocks
i ncl udi a zone boundary, the sane i5 nunber of AV bl ocks as the nunber of

zone boundaries, that is 24 AV bl ocks should he prepared for the non-AV
files. The total cAYalRLWE5f TREOFE AR bIRBEKEPouRPECt oS48 SCrhat HeEfs,

the capacity of the area in which AV files can be recorded reduces.
specifically, 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
1§ memory.
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 whether 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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As a result, it is desirable for the file systemunit 102 to 20 nanage the
above-descri bed three consecutive AV bl ocks together for each zone
boundary. It is also possible for the AV bl ock nanagenent table shown in
FIG 6 to include a discontinuous flag which indicates that the AV bl ocks
before and after a Zonshdolhdaeynatedndier2s tdatsepenanvgs YWrhrekicssding AV
arrangenent, it will be easier for the O file systemunit 102, when

assi gni ngatwo RNSEEHtAVE dA¥ Dl 92&S sepRjat@dqe, Whebbertéhe d3vot BaNIOCARR VEE
AV bl ocks have a zone boundary in between since the unit 102 can obtain the

i nf or mat Lo BXar 8har FhRduke TeNe addpock managenent table. 5 Wien a set of
AV bl ocks for non-AV data Is reserved Iin advance, with the set having a

predet erm ned si ze,.,th i presence o e | o A ta and .
non- AV data is pr evTehnet 276‘5'1 é’%?g %(cé)sqaﬁtnéea%rlﬁe? Ay%eés%?%niég%%sggg?ﬁ?g al%rga%
to AV da to \Wen di sc having been witt by an AV file systemis not
conpat i bigo\m‘ ?H%P*&gaﬁévirﬁé’rwéwwq t4erF b3y3e d;rﬁ)%/%‘?v?§p8r8fze1sisle§ SPGe@s
and when the disc is accessed only by the AV file system it is possible to
wite asreagsfyned” edhéisgat gseh IHPAIRIGSILT Y WHLNG| cAMAYnNgsignsaL the
actually been recorded, not the 15 statuses of all the sectors included in
AV Dbl ocksboheseostmahdses are witten as "for AV data." This nmekes it easier
to manage t he unassigned areas in the AV blocks. In the present enbodi nent,

t he stat@§e§)oﬁe@éidghg/sg@gggidgmﬂuded in an AV block for AV data are
witten as zo assigned. WEVer, only the statuses of the sectors in
whi ch AV data has gghpaldny %SJ%'}art%ﬁﬁrsd%gf % '%%.D"erkto?c%‘is 10%5% ; %;%fjég%ib@ S

makes it easier to marfage thé unassigned areas in the bl ocks

o B S G IR P PR Al
Data, (1-3-2) Programmed Recording of AV Data, (1-3-3) Deleting of
AV Data, (1-3-4) Recording of Non-AV Data, and (1-3-5) Deleting of
Non-AV Data.

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

15 The manual recording is a recording immediately started
when the user presses the "Record" key on the remote controllerx
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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(2) Enbodinment 2 Now, the optical disc and the optical disc recording/

r epr oduci ng apparatus of Enbodi nent 2 are described. (2-1) Optical Disc 5
Enbodi ment 2 differs fromEnbodinent 1 in that (1) pseudo consecutive
records, instead of the AV blocks, are assigned to AV data to be recorded,
and t haexgppleseuddeconkBIRTINT echbiBe AssaBAnenterandgafentuadidinet i obsi s
used instead of the AV bl ock managenent table. The differences (1) and (2)
are desdisbédyeel.ow to in detail. Wth regard to the above difference (1),
in Enbodinent 1, the entire data recording area is alnost fixedly divided
into AV bl ocks eachomiddtirig xewk rererding admancenhwhesberr A dahavdastheen
recorded or not in the area. In contrast, in Enbodi nent 2, 15 AV bl ocks are

notusedoolast gad. cag eas.cald edopaeudoronseciy i yegneaords argydynagieal]y

assigned to AV a, each pseudo consecutive record having a size greate

than the fixed |engith described in Enbodipent 1. Wth regard.to the ove
(ﬁfp%reﬁegre%ﬁnqngéﬁbﬁmﬁﬁﬁﬁ gBtmenﬁPAggﬁtﬁﬁp %aé@ﬁ% éi%ﬁﬁegfs H
to manage the assignnent states of all the AV blocks. In_contrast, in
Enbodi nBRESSeSt H8epsehdenc oRYEEAR: vellPE8or HE akBEgHABAL SREREFEnefPecity, "
information for managi ng the pseudo consecutive record is recorded on the
di sc fotheacicyeeri tbangssAdoordi gyliganceGsimag: afgr 8 urgimgedthe Esieadi hent
1 also 72 apply to the optical disc of Enbodinment 2. FIG 4 can al so be

appl i edihpulEnodt teat by bpedeltdiigigcidietéy Regchkuittiinice | Aftebodieenisek
the other characteristics are the sane as Enbodi nent 1: the partition

regi on kgodiiided tREO w@ind Urghil Vs @fedPnNecaneas: ©8dcheadingdande Wihd o
of data are perforned in units of ECC bl ocks (each having 16 sectors).

Al sQ, abb?ough t he AV managenent table shown in FIG 6 is not used in
Enbodi nénf "2, the sectof managenent table (space bit map) is used as well.

(2-1-1) Pseudo CD”?§§L“£é§%§§¥§§‘éuality" as a recording condition relates

to the bit rate and resolution of the MPEG data and has three
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-
ensuring” 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 operations allows the manual
recording to be started.

20 FIG.25A is a flowchart showing the manual recording
process.

The process starts as a notification that the user has
pressed the "Record" button is sent to the recording/ editing/
reproducing control unit 105 wvia the wuser IF unit 106. On

25 receiving the notification, the control unit 105 issues the CREATE
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io Each AV file in the present Enbodi nent is conposed of one or nore pseudo

consecutive records to_ensure the uninterrupted reproduction. The "pseudo

consecutive.record" is defined as an area recording AV data or the AV data

recorded in the area, where the AV data may be whol e Er partial, has a size
o]

\ |
gr eat er CPRAANY 150si A8 t RAFMORs ut £4€ a T ubPdE I odit§Rn258Ad t hén

area i s conposed of consecutive sectors or ECC bl ocks. However, the

ski ppi ngebyivhagECle btomkarki ptivet¢eryndrn Hiokthtsaptian fusyltt HE 4 credapns vehe
sectors or ECC bl ocks. According to the ECC bl ock skip nethod, when a

def ecti ¥£120 ishaitifiddchotadeesraptaddrndssm eit ol sopdssddliketd Scaeteet ed,
the ECC bl ock including the defective sector is skipped and data is witten

into the;pext EQCthleckrod8is, Mehbogiis sre syi tpbberien bhe te@nsRcUiue
reproduction of AV data than the |inear replacenment nmethod in which when a

i Mgl ar o fobegly 66! ofi I ANALURES Ol fiPd 119 YELL! ERebRE0R BECLAL Wbk
repl acenent area 73 aving been reserved 1n the sanhe zone. isis
because_a junp_to the replacene areg_does not.occur .i.n.case_of the ECC
bl ook SRo pERBt FEHOBRBR phBado. RLRGECHRT vEST 8Lt 9! nERbUEE CECERIESaRS THe
nunber of which is represented by any integer. The start sector of each
pseudo €OREEOIt | WaitecdNd | SePRS sfar £idect sAefidierof affe BCCPBIré&ieser
That is to say, each pseudo consecutive record is located within a single
zone. Theditatimm shezebimeéhenpseimlp” conskLtyi ypecefbded Bs sbe trec224ilEGC
bl ocks (about 7MB) to ensure io the consecutive 'reproduction of AV data,

as in t8end¥thbackd mhenedidmid decobftel mip eutio: consecutive record
assi gnment managenent i nformation showi ng an assignnent result of a pseudo

congecutive recordris genegatad AdhreLey deghifor 18achi AV Hibes T PO
15 consecutive record assi gnnment nmanagenent information may be recorded in

the sta f e,corre i n Lle. e in. the_presen odj nt,
t he inf%#ﬁggfgﬂ ?s é%cgﬁggﬂ!agnﬁgﬁghg fFﬁggg%ééﬁécFFVel?ngﬁreé%gggf%%nﬁo

the AV files., Th seud
predeterﬁid%d é%annel received through the receiver 9 and

transferring the encoded MPEG data to the track buffer 3a. While
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

52



consecutive record assi gnnent managenent information has a list 20
structure. (2-1-2) Assignnent of Pseudo Consecutive Records Each piece of
pseudo consecutive record assignment managenent information (also referred

b0 as nagenent. . f ormat i on) corres s tg an, AV fil nd reas_ on
t he di @35%%% ecg%?ﬁﬁea(sas?ppsgggg’ c@ﬁ’ggcﬁ?\}gsr gchger d%ﬁagﬁf feTEH Fent
AV 74 file. The optical disc recording apparatus assigns_unassi gned_ areas
on the 6?)??Eap5§i)s§p°ase%e% RERERREL PYECESSor dst R AV YRILE Gomand 1s
recording of the AV files. 5 FI G 36A shows a specific exanple of the

managenensuedf dmestem. 2B GLIcR wIvees atRpaes lbice timn cdesespphdrngft cchde

managenent i nformation shown in FIG 36A. In FIG 36A the nanagenent

i nformalaon ésteesctobed sld irmbitee iFt) uditng ebosEesorhmaand ig2.id=apdd et ry
includes, fromto left to right in~the drawing, a start sector nunber (LSN

Logiscal s 96t 965 NIFDAE] o A R ifE Q45 MUARE wo BRCmeAB 9! bRBlIkte ATty e

"0" indicates a pseudo consecutive record: attribute i ndi cates an

The:ar ST ACAT F1 B by PR ST IR e e i, ] MR SR P 1R,

entry indicateB @ Eg@iss of sectors which has been assigned as a whole or a
parti al °Psbl8oPUBRSEuE $E ‘record. Here, a rel ati onship between the pseudo
consecutive record and the extent which is managed in the file systemis 2o
described. The psélfRth d&&esealai vecPEabrasPrpdet hecestehed RV e FHmVRIIE
each other in a one-to-one relation when the extent does not outstep a zone
boundargommaptfiuial deygcofibpsendo detasdcut i ve records correspond to one
extent when the extent outsteps a zone boundary. For exanple, when an

extignt outsteps a 2% 2016 DPUTHHWEhdMD 15@ring CONgepbices sl @eefdS e by
forned before 75 '
the AV file system unit 103 having received the AV-WRITE command.
Here, it is presumed that the AV-WRITE command is issued to the AV
file system unit 103 together with three parameters specified.
The three parameters respectively indicate: the Fd having been
15 opened by the OPEN command as described above; the 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 posiﬁion 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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and after the zone boundary, both corresponding to the extent. (2-1-3)
Pseudo Consecutive Record Assignnment Managenent |nformation and Space Bit
Map FI G 36B shows a space bit map corresponding to the 5 nanagenent

i nformat,i G_36A. In _the exanpl hown in the draw

Cor eaptfdPng 6 REeBPBFet{88: PUPenhnEPREbBAE  1S8SP OFpdalRy Ciodlt ve
area #1 are all "0" indicating "assigned." It is desirable that the
managenehe PNfé#%&tﬁ&ﬁt&Wduﬂhg éBéCésﬁignﬁaﬁrSﬁé FEn&§ed deddet 8T STEE R
they reflect each io other, although they use different units to indicate
t he assbgnnmene ssacéoref thd da¢acndea.tlThe dita cantdi stheecdrdcng More
apparatus sets the bits in the space bit map corresponding to sectors

assi gnedpagiFieisda wonseent i ¥8 admased 0 £i0'e | desathog "assl@hed.al dédady- 2)
Recor di ng/ Reproduci ng Apparatus Here, the optical disc

recqy di gg/go%ét@luablgg a%ﬁﬁér?‘t U5 e OTa-HROGHITEBbmma b8 &XP! 2586Eq 2on?c )&ﬁysg em

and Hardware Structure di nrent 2 uses the sane structures as I ment

12 t f th t h

struct UFECSPES DHEPEERS! Geroshahan non Ghesed e t; Arerids %’“%.@%@adv-
encoder 2 shown in FIG 16, and the_structure of MPEG decoder, 4 shown in
FI G 17. TERRSASRRNE2S2 di $HETs $honPEFHBATFerfOmPand ¢ hit 16F1Pess HeeGaoin a

consecutive records, instead of the AV bl ocks, are assigned 76 to AV data
to be r@em@dnmmqmsx2§n@s§haodé§ﬁsé@umaﬁm®§br@ abke gAREneL an AV
managenent information is used instead of the AV bl ock managenent table.
Accor di bbbk algireayr2é¢ di fidey enhef AVMAe prycgrenm ursi st b0@ddenechs i RV
nenory |d shown in FIG 15 for use in s the present enbodi nent. (2-2-2)

Funat i op1BlceckviRiag @ty G | sudadsinghé@n bl ogkrdiraghamesh@nenwt el ock
constructlon of the DVD recorder 10 of Enbodi nent 2 based on the functions

of the gé&fefk@‘&é%) ?691*90"‘”&%'}14%2 éﬂegug@atésteﬁaﬁbuevq%ﬁ -3

t he CP a I’n the control "uni exécut es progran1|n the main menory |d
to control__the rdware shown.in FIG 14. .1n uneral s

S | ar P8 ERInb 6T BREad APascifch FRENTES diEnBhUrHaRE. Pladel pnbns HaroTs
conmponents, and a 15 recountlng of their functlon will be onitted fromthe

descri ptReAUsEEd Hits AN nekRck ERBRI Meht (Prasfienrsdd r 6m ERBodiafsignedin

that the file systemunit 102, recording/ editing/ reproducing/ control
uni t (step 269).

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 then updates 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
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105, and AV data recording unit 110 shown in FIG 18 are not used, 20 but a
file systemunit 202, recording/ editing/ reproducing/ control unit 205,
and AV data recording unit 210 are used instead. The file systemunit 202
differs fromthe counterpart in Enbodinent 1 in that it includes an AV file
syst em ugéettd@3 aadez5natcoawns ekiultd vay swvii@nunithe204 wionstseat ofs t her AV ddt e
system unit 103 and a common file systemunit 104. The AV file system

unit 203 H&Eieamr eBhkBeutWéi be Syeh ean shé 383naBky kRikhRat dt.slaas ol
3 TE Th £l

support the AV command shown in FIG 21. 5 e comon file systemunit

204 diff frogmt C file syst ' 4_gn ' hat, _t TE .
conmand ?ééﬁgég ‘t ot}\?lvrel l%er?%né!a é’éasgm%ﬁéjz%é%%%?ﬁg/ ééFgQS%{t ghtehgeecﬁ\@cr.slz‘ﬁh%t
is, the file systemunit, K 202 does not discrimnate between AV data and

non- AV d3PATeBUBYGERF ST IR FheTR® oL TP TORE JRRTER S ARIE rRAY 4o T o
are treated;differently by the AV data recording unit 210, AV data editing
uni t 52209WhandiAVigal adgedra s FRELNE tip3T-ePTHR AV g Y ddloradi S5 ke turpio,
AV data editing unit 220, and AV data reproducing unit 230, respectively on
recei vi ng02 adtowdi hgeraflesitiam dhicrimgiorquiesd mndald.epodus rextent,
request 15 fromthe recording/ editing/ reproducing/ control unit 205,

| ssues NEREsA¥r Matemrmidyrded tthee AW fleclsybimsduatell0Befohe Aedahidrrent
recording unit 210, on receiving a recording request fromthe control unit

205, i sSspgs sar iihe; d;ce LAgt @t V 444 e
system a0 ARd B 20 o o b br et ae  Re. panagerentTl rsPneR o
shown in Flgi3gA. %bre S eci%%pal , the AV data recording unit 210, on
receivinﬁoa F& oF&iH&nﬁe Fest-CPs&atches for unassi gned areas by referring
to the space bit nﬁﬁland t he managenent jnformation, assigns an area having

a siPe greater tharfR9fe dd ih -t IRFRE F$X B FRNYEHCEMP2S EabduE eAgS dethd

al so creates a new pi ece of nmanagenent information 78
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 the 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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shown in FI G 36A. Here, when a pseudo consecutive record has already been
created, it is desirable that an area followng or as close as possible to
t he exi stent pseudo consecutive record is assigned as a new pseudo
consecutive record. The AV data s recording unit 210 then creates a new

pi ece of (pERageMPRbLgrakfedB D iddind e nemipaw@ssi gned area. (2-3-1)
Recordi ng of AV FiTes Recording of AViirTes in the DVD recorder 10 is
described in detailppdo ﬁ%&%ﬁmﬁméda ke B%P shawi ng tP@cB?ﬁQﬁ% %szl%{

in the DVD recorder of t resent errbo When the user

RECORD butt wh th "cur.rent tlrre" achg rt time, of
"progran%%]a ng‘glddivﬁg gh%otl PPircation %or%e%ﬁ %eﬁﬁ ® § iRt
recordi ng/ 15 editing/ repraqducing/ control uni t 105 VI a the user I F unit
106. On TRREFOLAGTL He thodi Fide ifOF, ROIRITEEMTDITAHATAHES 388 gns an area
having a size greater than the predeterm ned size (about 7MB) as a pseudo
consécutive record Heteap i380). phesumsgethat ctbd yusehesel@asl"Spdai b and
refers to the space bit nmap and 20 the nmanagenent information to detect
unassi gnerimenErsuting” sett the agebdanddeintyd 01, urist al Gardlen aasd P1S HHee
det ect ed unassi gned consecutive sector areas as a new pseudo consecutive
record. d;Bf‘o §BhiHe§ Ore ¥HLA A her THYs dat Bowast1ee Ieaslyr &aeadr eeebded nigh tdee
di sc and when the AV data to be recorded continues fromthe existent AV 2s
data logically, the control unit 105 assigns a consecutive 79 recordi ng
area that continues fromthe already-assigned consecuti ve recording area of

the existent AV dat is p The recor / editin
repr oduci ng controlﬁﬁnz{s’éld@ saengléJ ?’ﬁrlt SRSt ﬁ&g&aﬁ%e%ﬁe&ordlng
indicating the "tineensuring” quality specified as the recordi ng condition
to t'le ALQAEEESrecording unit 210. The AV data recording unit 210 instructs
the MPEG encoder 2 to start encoding the video and audi o data of a
predet er mi ned chanrBle mecwiesd dttawiughd e netef veatDoanthat thansserr |hm@
t he encoded MPEG data to the track buffer 3a (step 381)

pressed the "Record" button is sent to the recording/ edltlng/

reproducing control unit 105 wvia 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 104 (step 256). On receiving the
command, the common file system unit 104 returns the file
identification descriptor when ilt is possible 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 judges 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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The recording/ editing/ reproducing control unit 105 issues the CREATE
command specifying the newly assigned pseudo consecutive record to the
common file systemunit 204 (step 382). 15 On receiving the conmand, the
common file systemunit 204 returns a new file identification descrlptor
when itcpgtﬁéim BRétt 0l@PeatBds fithe | RTOREARBRI) FEAPENPsAKRFesS by
consecutive record. After the above process, the AV data recording unit 210
i ssues phefoPENngommened ron perésfdl e systemunit 203 (step 383) 20 to
allow the AV file systemunit 203 to store the file identification
descriptor given l@atireg cgnidg@d ushttlObhanchdddor k@l obeonashghelis efmdy
into a work nmenory (not iIIustrated) (the information stored in the work

menory k8ngkse igieried senas aFei éFiJiénQS?%Eékpt A Etpe%if-ﬂé%l A Gand a
recordlng unit 210 issues the mR E command 8 he AV file systen1un|t

203 eve f 3 0 ed e t_ of G
dar (spepehdbetafnblBErL R LA PRt RERsPARES §%.3EL% o e ind 43 B
perforn1th|s process until it rec ves a |nstru tion fromthe control
(i ¢ 10580¢eRag 388n9a5)-onera” H1e | &V, d8ERed SFACLAS WAE dommand 98
issued to the systemunit 203 together mnth three paraneters specified. The
three paeardvérg ragsecttivrgsy afdinkeenathen FdthavAigdeéen resarsting Wikt
OPEN conmand as descri bed above; the size of data to be recorded; and a
buffer (Lo tilissiesnbrhe NePEN ¢tbemandt r(adlkepb EFBr ﬁh@nsibrisgﬂhaaahﬁe&fﬂ@f
Fd specified by the paraneter includes, as the file entry does, information

of a StQiﬁ@etBO%‘tatrltO&e(HorQﬁrﬁj(t@éﬁelﬁnm@ | enghb Qﬁbbé@u%httegipoc%es of
information represents the pseudo consecutive record assigned in the step

380, ThenEdaks didatatd safyer st EMe1bhe WRTEomBNd Lanbsaued lindngod he

perlod etween openi'ng a osi ng o the F or the second or a
subsequ ue. of the TE. conmand S addltlonall W t .
foIIomﬁﬁgﬁfhggaﬁp8gﬁyl?e¥£$ géﬁdafisu%ﬂgr '@?HH Fﬁ@mgpgp |h§¥¥%d% dﬁﬁie
(step 384), the AV ao _data recording unit 210 issues_the WRI TE comrand

(step 38YFtemnenAy 498a FeReRBLRG BRI 15948 FRenAVs¥RILE ROMAAASE Wininankt (

step
is the end 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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388). The AV data recording unit 210 further inforns the AV file nmanagenent
informati on generating unit 112 that a recording of an AV file (VOB) has
ended (step 389). The AV data recording unit 2s 210 then refers to the Fd
(extent) of the recorded AV data to 81 create or update the nmanagenent

i nf or mapeénfiofms e@i B8O enThatocssseheorA\tatAV rieborkli ngnageneftOtebdat enda
new pi ece of management information when an AV file is recorded for the

first tine; spheeA¥idamap’ eeokdicetdanide 24GHIPGR efbdhe JRIGHRERDt result.,
information and the space bit map when an AV file is additionally recorded.

The created or upgated Mnagement LAk oE Mahled ol H@%%éé‘@f%@l@ﬁ%ﬁngé

a non-AV tile via the common file systemunit 204. It should be note

that t Ll TE co nd_is issued in_step 7. tQ record ont he disc the
rest OPEYXE&ISPapg%%Pﬁge?O ?ri@ﬁ DR éﬂiﬁxs%ﬁﬁf 4&#?0 %%hnd issued in
step 255 is a command used to wite back the Fd in the work nenory onto the
DVD3RAM di sc as a Th8 ETEeR: fiileabyohenedett ptt Jufdss ehaihar &7 erdenitke
on the DVD-RAM di sc. As apparent fromthe above description, when recording
i 5 AV dabhauldhbeDipletedriderroferhinpriscihe efbbeli eRbryd9hafheabppcaddiegns
areas as pseudo consecutive records by referring to the space bit map and

t he marnagefehe i(Btepmaiioon. Aznvdnesuldgedaparesi wivd fhetbVD seepr, deheof
Enbodi ment 1, the DVD recorder of the present enbodi nent can use the data

area oncéiRoAPEital s¢ot & SeniPreefimedd ol ﬁ/héim%i@@kdﬁéﬁagéﬂénﬁo%ibﬂ%t
i ncl ude Av bl ocks which are logically divided sections. (3) Enbodi nent 3

Cotodt e hiAE B ARE Y % A O B BB Sl
COTECURYE 1S SPSTABATHY Fop oRARISIR | MITALRY ! Soleketoete
space bit map by changing the statuses of all the sectors included
in the AV block from "0" (assigned) to "1" (unassigned) (sﬁep
242), and deletes the extent from file entry (step 243). When
there is no extent to be deleted (step 240: No), the common file
15 system unit 104 deletes the file identification descriptor and
ends the AV file deletion process.

FIG.28A shows deleted AV files. The upper part of the
drawing shows that AV files #1 and #2 are recorded in the AV
blocks #10 to #14. 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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Wth regard to the above difference (1), the DVD recorder 10 of the present
enbodi nent determ nes the mninumsize s of the pseudo consecutive record
in accordance with the bit rate of a video object to be encoded actually,
while in Enbodinent 2, the mninmum size of the pseudo consecutive record is
set to ffdtsh) engd heid ARMHE-NEAYR 150 RNSHows! RELeeNSRAWLHVE .M eRROGHE! iZQN
of AV data. io Wth regard to the above difference (2), the DVD recorder 10
of the ' S t I of i QNg4l,n ad,
SPfrc?é]? e:?&?%@éﬁ@”{%ﬁfee M dis (e Iﬁ?éa 'W@f&ck%‘ 9£fﬁéh§0#14 3L

the DVD recor sear ches for unassi gne reas by referring t he "sSpace

bit map_to assign areas, as.ps 0, consecut,ive records to AV.data to be
recor deci}?arf%e‘iﬁ’i M Q:frmﬁﬁcgﬁ ?ét{]déjfaqclgge%(?o eﬁnsé(‘:l&tais\?é'gﬂg%r &nFiapézp,rc%%e
reason for determ ning the m ninmum size of the pseudo _consecutive record as
nent i oteth n i RFOFENTe epBAYR (1) FSGe¥dl-ai ndd Ehe 33P3FOWPIE nB@dl, of
buffering of AV data into the zo track buffer, the AV data being read from
t hes DV» o sk s cobya bl rgps azhacttd s iappardedisin e ddi¢i hboakyi dee abpaged
This nodel is created based on m ni num specifications required for the

repr oduetd M @PPRESS Usnedys darmas thiesssigeadf] catt osisoal @ satheteadnethe
uni nterrupted reproduction is ensured. 2s In the upper part of FIG 39, the

AV dat atHéE@gtJié et de Bt SVIRAMG S.L“sI iy%t%‘?ﬂt%%d%@l £8 SReWECHaR ‘E‘ﬁ%sav': o

The process AV data 1s then tenporari stored in the track buffer (

menory) nd, i nt I he der, . 1t raw n Y/ sen a
put 193 SR 1l LaR By R B O P B R0
optical_disc), ,and "Vo" represents an @ytgut transfer n%§e of the track
buf fer YleEBaed tWapdthe A'e)datihete RaYE. WEEDL RiSs TR \A3 NBBstheTRY
| ower part of FIG 39 is a graph showi ng the change in the data anount of
t héot r bkl dusyeremnunhitslAgdel . In the io graph, the vertical axis
represents the data anount of the track buffer; the horizontal axis

repr esefis3+4peRedbeddnapbfi Nohased Daat he prem se that a pseudo
consecutive record # that has no defective sectors and a pseudo
consecutive recor ¢rgk sdhals RasidRefLal st wiard narsSréads i drt hecerdehy
5 The "T1" represents a tine taken for reading out the entire AV data
record i N &-hes u ut\l,ver.e | A JEE% f hye sectors.
In thigg%%r%%dg*¥§§tﬁgrggggggn%gn?hgf%?ﬁgmﬁiéégﬁ%uf efg?ﬁg%gggggyét t he

rate of (Vr-Vo). e "T2" (alsa referred to.as junp period) represents 20
a tinme taken by tﬁ@%ﬂﬁqqﬂﬂn i [?*%ﬁeTLHEﬂ%gl¢?0n1the pseudo

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 "00" (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

59 *



eonsecutive record #) to #k. The junp period includes the seek tinme of the
optical pickup and the tinme required for the rotation of the optical disc
to be stabilized. The maxi mumjunp period is equal to the tinme taken for
junmping fromthe innernost circuit to 2s the outernost circuit. In this

model, infg 5%&&@%%%@ ) LRy tfwe ‘?&nafgﬁﬁh%ml %’Hélfoeféé’)d | 8nabadedad %”@he' n

this perlod e data r anpunt o e frack buffer decreases at the rate

of Vo. |ncI t hre riods "T3" " 15, pres nts a

Caken 1 SPRFEY e ol S ek pEEeBRBHOSRGt ks o SeaP  poPhE T cSaindh EuLe
consecutive record #k that has a defective sector. Anbng these periods T3
to T5, SHSLSE VodtrT4 ﬁeﬁP@§eﬁF§g§stWﬁ@tpﬁ%eﬁWPoPQQEQﬁﬁrﬂftWﬂ%Qﬁ”¢%ﬁ@ EeE
bl ock that has a defective sector and noving to the next ECC bl ock. The

ski ppi nFea@ndrd naes t ECEAsinGGl i srpecpnspBUtiNen (Sr@P odfed def edihieve Secler
tois found in the current ECC block (16 sectors). That neans, when a

def ext i yadgect as potiieendn shepplebl egontroherdetienti ¥e seepolels whémedt by
not using the whole ECC block (all 16 sectors) including the defective

sector, 1%0t;i19dgé99'a%a|rl J@M@C'Eﬂet%nﬁ%ﬁﬁcﬁll\éﬂ Spstoh Onia ey apeREhls
sector (replacenent ECC™block). i5 This nmethod is called ECC bl ock skip

nmet hod i b de b ar],i per.i repr.ese ad
rotati o\#ﬂvJ\clgort Q?L%ne%gﬂ éﬁ%kee%lai rrulr%‘]% astcl%ﬁlot gﬁs%% ;%’oreu %e ?féaeq%)é#e?g
one conp otation tinme of,the di this deI it resuned t hat
The xR RS i ) R Hea S ubBREOTosHEe. GRS 5 R bdbs 195
and T5, the data anount of the track buffer increases at the rate of
(Vr-Vo) 2684 (IR et it R -Ahedabe araRBEALNEcEFE88E68 at the rate of Vo.
The si ze of t he pseudo consecutive record is represented as
"N _etc* 16~~F4Pelathicre ahHhNON-BEcDatapresents the total z5 nunber of ECC
bl ocks included in the pseudo consecutive record. 85

On receiving the DELETE command specifying a certain

file from the recording/ editing/ reproducing control unit 105,
and when the certain file is non-AV file, the common file system
unit 104 performs the deletion process as follows.

15 FIG.30 is a flowchart showing the process of deleting
non~AV files performed by the common file system unit 104.

The common file system unit 104 judges whether an extent
should be deleted by referring to the file entry of the specified
non-AV file (step 271). Having judged as positive in this step,

20 the common file system unit 104 updates the space bit map by
changing the statuses of all the sectors included in the extent
from "0" (assigned) to "1" (unassigned) (step 272).

The common file system unit 104 then judges whether the

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
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The smal | est value of N_ecc, nanely the m nimum size of the pseudo
consecutive record is calculated through the foll owi ng procedure. In the
period T2, AV data is read fromthe track buffer. Only this is perforned.

I'f the buffer capacity beconmes 0 during this period an underfIOM/occurs to
t he decaqder.. t hi s, happen the .uninterrupted re rodu |on of the

dat a cagﬁgtepn\ghgﬁéure heIll}erle ‘ﬁ) %H%ﬁ?% Fﬁelﬁ’nl ®r¥ f)?éd o&%qq o‘ﬁl ?
the AV data (not to Benerate t he underflom%, the follow n fornula need io
be sati SFSEEM YPditmiP4 Bpdasesr 558 AMobhPCE) MAnageRetpbadH Safbl iRy I ime
storage amount B is the anount of data that has been accumul ated in the
track bohkerstatuhecéndhef Aheéoleek ofird. "IRE 1 pmsemphdVodasadurito R'0Q"
the total amount of data read during the period T2. The storage anount B is
cal cul at(&ﬁatssb;@@eﬁhe (sakpori7Ag . f orhul aommbnar Mille §ys2@nm sindrade Arduidtdy -
(period T1)*(Vr-Vo) - (read out tinme of one pseudo consecutive

recog d) $H¥r ‘a‘i‘?.bc’at@.leéxvﬁlascrﬁ.};{'&byobf tﬁé‘ SQEeQxQ* TRRAMYr )50 e\‘ﬁ‘)r@s(stéﬂ\l
ecc*16*8*2048) *(1-Vo/ Vr) 86 In this formula, "L" represents the size

the pseydg,conseitia vt%rn eg&gt%%hfvgonswﬂgal 99 AWYILRA 3168 GHlaled s

using t dllomnng ormu a 8> (consunpt ron “amoun
RepIaC|n both %bqfs of qé?Fo [ espec g Formula 7 and Fornula
8 gi ves s SHHET ﬁ%gﬁ il S oRTAs b IR del¥e6on  Borspect voRv)
T2*Vo Fron1the Formula 9, it is derived that "N ecc" representing the total
nunber of ECC bl ockEGi aikh ugieeWs ndehetpdendB-BY¥n§édasi-ve Thec BiPShAALE of
satisfy the followwing fornmula to ensure the uninterrupted reproduction of
t he AV daeadrBvicRprahdws tratN-2¢cbPRodb*#11( {261882648)0n-EAWEiME)s #h ddd s
formula, "Tj" represents the junp period that 1
10 #4., Each of the non-AV files #3 and #4 includes only one extent.
The lower part of FIG.31lA shows that the extent has been deleted
from the non-AV file #3.-
FIG.31B shows the changes in the AV block management
table and the space bit map corresponding to the deletion shown in
15 FIG.31A. The left-hand side of FIG.31B shows the state before
deletion, and the right-hand side shows after deletion. In the AV
block management table, the status of the AV block #11 remains to
be "10" (for non-AV data) in accordance with the procedure shown
in FIG.30 since file #4 remains in the block. In the space bit
20 map, statuses of all the sectors included in the extent of AV
block #11 are changed from "0" (assigned) to "1" (unassigned). It
- should be noted here that the lower part of FIG.31A is not
intended to show that the non-AV data included in the file #3 is

physically deleted. 1In reality, the non-AV data is dealt with as

25 invalid data by the AV file system unit 103.
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has been described earlier. The maxi mumjunp period is about 1.5 seconds.
"Vr" is a fixed value (In the reproduction apparatus zo nodel shown in the
upper part of FIG 39, Vr=l1Mps). Al so, considering that the video object
is represented by a variable bit rate, "Vo" is obtained fromthe follow ng

Formula 11. That isag" XBibaEén@bEf%&equer AR @és%ﬂlpﬂ%,astﬁéﬁeowxmigb%

val ue of the physical transfer rate of the track buffer output, but as

pubst am il SSRAIGT: MRS, LA el R USRS £ 87 YRY SRR

pack is the total nunber_ of packs included in the vjdeo object that should
be recor FERAIFREREC BELBI 0tks. 25 REr mh 14Re vof 1§ p oS orfRRRHFPPEnt
record length (bits))* (1/reproduction time of pseudo consecutive record
(sec)) =@Ripaaetigrs* 8)Phiz7 onsCRuULtAioN ARRUrSSRUNLRSerEUPFedt ¥¢praduabion
above formula, "SCR first current” is atime (inio 1/(27mega) seconds) at
whi chs t hefl rEit kdaukf erimfe tdwnseptioivet adpaappareatarss sdoed dinutypudtt st hef AV
first pack of the video object, and SCR first next is atime (in 1/(27nega)
seconds) ratodMy ch the track buffer of the reproduction apparatus shoul d
output the first pack of the follow ng video object. 15 As shown in the

above Formulas 10 apg ;ﬁfthbﬁﬁéﬁngglgbée(geééﬁﬁf?ﬁégﬁ%@ggéecWﬁéﬁkgfcgﬁd

can theoretically bé calculate ance w rate o dat a.
Formul a cannot be applied_to case where any  defectiyve ctors exist on
the opti %’g'locgf st® S A EhsECi @‘?72 ! aﬁﬁ%d &SRS ?%r ﬁzfoft?’t%es‘?/‘éFﬁ’és

of "N ecc" required to ensure the uninterrupted reproduction, the "N ecc”

r epr esentififg YR nifbERCOAVESR M} &L | FRAMECPsEAd028SATBEE | V@ rddrePate
is presuned here that the pseudo consecutive record includes ECC bl ocks

wi t hidef &dtti veasect GLEht sechurbararsfgantdth met26dr epresentfed hes DWUN-RAN . O£
No Av data is recorded into the dN-ecc 88 defective ECC bl ocks due to the

ECC bl ockhskippe sign whiiakbehas obeds desedd dedl ear bi ebnveht ilopsd tiime TSystem
generated by skipping the dN ecc defective ECC blocks is represented as

_ran AN eqmicrMiRighortt Jrfilyf ARNSPaIe HEECN kiR 1 R AP 08 dREChre
prevented: data is written into sectors included in AV blocks for
AV data, and consecutive sector areas assigned to AV data are used

15 and lost.

Concerning the sectors included in AV blocks assigned
to non-AV data, only the statuses of the sectors in which data has
actually been recorded are shown as "assigned" in the space bit
map. That is to say, different from the case of the AV blocks

20 assigned to AV data, the statuses of the sectors in which data has
not been recorded are not shown as "assigned" in the space bit
map.

With the above construction, non-AV data can be recorded

into an AV block when there are unassigned areas in it even if the

25 AV block has already been assigned to another kind of non-AV data.
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5 FIG39. Wth the above description taken into account, to ensure the
uni nterrupted reproduction of the AV data even if defective sectors are
i ncl uded, the pseudo consecutive record need to include as many ECC bl ocks
as represented by the following io fornul a. <Fornu|a 12> N-ecc ~ dN-ecc +

the of 260bp CRACHES, ERe bR BtibheRyORR HER pETPe B FPRKE I RL PO

when no i 5 defective sector_is included dfro Fornula 12 when
defectl9¥e§e&FoF§eapéSFn&PGéBGeSIP°§Ho%deg%C%%t ﬂrh%ved?ﬂﬁta%%e%vaHXQSks

dat a seguence is conposed of a plurality of pseudo consecutive records, the
first a @rlaﬂﬁjﬁﬁﬂﬁﬁt%onsecutlve records need not satisfy the Zo Fornula
10 or 12. This is because the | ast pseudo consecutive record has no
subsequent AV dat aInaruhe haibovde embiodieendpt eche epVdduetdanddret Weerid,heas
first and second pseudo consecutive records is ensured by del aying the

ti msng ghowhe ide¢ade 18t atbnskaielkrdbpaskar bhnghsupRleyin@ dafaa tio tH€ used
decoder after the track 2s buffer stores a certain anount of data. 89

(3-2) sgorad' QPE é}‘f:’f“& e%oﬁesowﬁwuﬁédr\xtf &R i n e ggﬂgresarcte fei S

descri be is a flowchart show ng the re I ng process |n
5 the DVD_r er of the {esgg? g&gdlnent TE P is the sa
FI G 38 EQBE O h R~ 3B0PYRFRPI 9t Gt kO Spu&'& a?ﬁd%h%e%% %@o
i s del eted. The flomchart of FIG 40 is described concentrating on the

di ffer eREEd UM of A cROPRBLAZEY 5#&@%%%@@5&%%%? \ﬁﬁ@n Hcrﬁlble
"current tinme" reaches the start tine of "programred recording," a

noti fi c@bhiabn isf toesavdi fyesdast iesceent undtt Reisecontiendededias y/DVD-RAM
reproducing/ control unit 105 via the user IF unit 106. On receiving the
notid i catriwe, ddparonis Oltanatcdf@iputébrasasgniaannaladadieny SCH zer gIBR] er
t han t he above-descri bed
Also, the components other than the disc access unit 3 shown in
FIG.1l5 are achieved or operated when the 0OS and the application
program are executed on the computer hardware. In this case, the
disc recording unit 100, disc reading unit 101, and file system
15 unit 102 are mainly achieved as applications for enhancing the 0S
or the 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 equivalent 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 each 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
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mnimum si ze as a pseudo consecutive record (step 400). Mre specifically,
the control unit 105 cal cul ates the actual bit rate of the video object
using the Formulas 10 and 11. However, here, a predeterm ned size
satisfying the mninum size may be used 20 instead for the sake of
convenlﬁg}%ﬁ8 The contgo& ﬁglt 105 refers to the space bit map and each

al | ocatd &%9?%?15?n f“#HeStile managenent area to detect unassigned
areas on the optlcal di sc, creates a free space I|ist showi ng the detected
areas, and assigng énAﬁwﬁﬁ%ﬁ%H@a@ﬁéeﬁéﬁEcFéBlSré§§LHQQﬂ14% FLFRRICIRARY
t he nlnlnun125 size as a pseudo consecutive record. In doing so, an area 90
i ncl udiafy & pdpneaBddydarf piecesadtdd taw-thytaurdasd gukichr eash beftove &he
after the zone boundary. FIG 41 shows a free space list. In the draw ng,
the "staddieedrad "irof) tidt igoWhd e ttiadt esdeiformaniiar s ofhé hepper four
unassi gned areas; the "end sector” colum shows the end sector nunbers of

t hes unassi gned éﬂa{&@spleaéyi &y @Iﬁyeebl&aefa G L NG Vf@éf‘@éehﬁﬂ?ng the

correspondi ng areas are assigned. "The "Free" shown in the draw ng indicates

t hat the n re Qﬂgp oyn e
IS detg?ﬁgﬁééﬁéggbg%%%ﬁi éﬁ&??%Ségazgétors)as ? ng oundg'tnhh’ter1 gggghehz
I | th h I d~ 2 d bot h
or oat oreHIRGLTERE. valhe. LPHeENLS DS rehd Sok ”&%%ne%@?% e ?33?%%33@‘39/
control unit 105 assugﬁ; t he unassigned areas c2 and 15 C3 as pseudo

consecBG& @FedeT dh HiRe SRAPEiEs A Qe kol IFOF 19emdbee Shepfipst
shoul d be noted here that when recording AV data, the AV data recording
uni t 237 dslescit henainakss @dd @Edd's dnobatcedecnmahenphationst efifdetimes ECBy
referring to the free space list, followed zo by the unassigned areas in
order fydeikde andetRBSEikent A& BUlRKTETHc1/IRRS 203 t(TpwptigahedhgeciAbso
note that the free space list is not recorded on the optical disc. FIG 42

is a fhgy&¥@{5 et AELLRYLhecer gegduie of assigning the pseudo consecutive
record per orn%g %n t e gte go% g of FIG 40. 91 The control unit 105

refers to t he spage na ach al,lo i O ar . of L
managenent area t%‘ Sdé ee rﬁ%%@ Fgﬁga’af‘élagtarb% ‘?Y] géf: an(?%erﬁ%?i E g%f)

I n doing so, the control unit 105 di sregard areas that SO S

record FVP¥RAt A0 ( LGy 32/ s A eﬂ“WRﬁﬁr%ﬁ RFF889F¥§ Fﬁcspﬁngsﬂé;Eoﬁ?gglAﬁmt
105 creates the free ;gfce | i st based on the detected unassi gned areas
(step 42Xck| hsdaies@rsed arthg caunper udfng faeesadehHGRdYOGKS thehnadthe

two unassi gned areas, before and after the zone boundary. It should be
nonedIﬁntnlhahmbertmf(EmnrhﬂomkntiﬂGBuﬁedgés whehh@V drlerleafroml| wiésha
zone boundary by inquiring the AV file systemunit 103, that is, by issuing

the SEAR(H RIRKEN comEndh g iint1iddéndl anThadresst e@tdrofisz subthagraari es
on the optical disc are fixedly set in advance, and are stored and nanaged

by the AV file $y¥stemypitnlQdit 102 could not obtain the number of

effective ECC blocks, the file system unit 102 would be required
to perform an address error process when recording data since it
20 is impossible for the file system unit 102 to recognize the amount
of data that can be recorded into each AV block without the
information. According to the AV block managément table shown in
the drawing, the file system unit 102 is relieved from the
complicated address error process necessary when data is

25 recorded.
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15 Furthernore, the control unit 105 determ nes the m nimum size o
pseudo consecutive record using the Fornulas 10 and 11 (step 423).
when defective sectors are found, the control unit 105 uses the Fo
and 11. To sinplify this process, the control unit 105 may determ

f the

Her e,
rmul as 12
ne the

m ni mum si ze of thet@sevHatzojigonsecutdid I gs@$slipsengta biHavedt eabtAYr

data deternined in advance in conpliance with the picture quality

qual i txﬁ% a5 s migh" Ehaficfa'h lsanday deccapdocard of

[
in FIG , an expected rate o ef ective sectors, and a margin.

§EceRsyr iieg

(e. g., a
wit DEHN

he

r dina/ editing/ duci ng/ I ' h [
among PREZBSCE IS RS hhi EREI S5 RPN (Hhish B0 £ hRe Sk Rur S akhg.

pseudo ,consecut,ive record, and determ nes the recording order (ste
The or &BEOF®edEt:Y i ned to be, for exanple, fromthe innermost sid
outernost side of the disc so that the seek nove is as small as po

p 424).
e to the
ssible. s

As descri bed abovEt viserekszopdEagbAY d@t arednee DVDer caaedet of theopessent

enbodi ment dynam cally assigns unassi gned areas as pseudo consecut

ive

recor dpelfot-ficer biyngheofiile spatembby uspngndheambsal Isdeatiiforcatesdsiptag of

the file managenent area. As a result, different from Enbodi nent 2

, the DVD

recordgr £afy 4 he d Q40 Be Nty &0 deNd ngyRanbgak hy tassirddhIRsaldyth” and

consecutive records for  recording AV data, wi thout recording the p

ere L Tl ot A FhaTRAEIRE s R I e A G

seudo

ot gl

ding. Ha ., the QVD 15 d t he f, i st wh
{he opPrRERe e TSGR | HRY: (HE® obiFeat SaPEe GFFYS, ‘P T Tt 8 the

free space list each time the DVD recorder records AV data. Al so,

t he. DVD

r etor dénengr et bl BNdOf eEBLd OCREIFEBE S R 2 IHKESHNEETPRE diSt iNRAY dt Q¥

refer to the recorded free space 20 |ist before recording AV dat a,
updat eandewhiest adfiper ahé tkeohdi mbooks tdee Al cegnlzdheapreseingia
has been fully described by way of exanples with reference to the

acconmpaewigtt .drawi ngs, it is to

and
vEhkedn

FIG.33 shows the third construction example of the AV

block management table.

15 The AV block management table includes an arrangement

20

25

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-bit data are used for representing the
assignment status of the AV blocks as described in the present
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

blocks without address errors. Otherwise, the AV block has a



be noted that various changes and nodifications will be apparent 2s to
those skilled in the art. Therefore, unless such changes and 93

nodi fications depart fromthe scope of the present invention, they should
be construed as being included therein. |INDUSTRI AL USE PGCSSI BI LI TY As

appar envattabilehdealgahe descrApiblockd eaopd icatidble lengenr dheg aprarmst us
of the present invention is suitable for recording AV data onto a

random geegrsiABLLEAL &hSECENSLSES HaPichd! N RI e L b Ry QIUGIHAD the av
r.eproducti on apparatus. The optical disc of the present invention is

sui t abl 18@8& Ggchdi ng AV Qata 1o aoyddenthib r?&ﬁé‘%é&ﬁ’&é’?g?“ on by a
reproductiron i 0o apparatus. The conputer-T1eadable recording nedi um of the
present invention js run aon a conputer incl udi a_recording/ reproducing
unit for optical kéecsb,LEL‘?s{:(r)J(d Ji%n%{}rt%‘glae ‘f%?l‘%éﬁ%r%wnﬁfﬁﬂgdégarteﬁoém én
uni nterrupted reproduction. 94 Substitute Sheet - 10 January 2003 What is
cl ai®nedthe: vasiablanlengtkahV dpbeck dedtlft fdiapharatide foghtedenidisigeviafeo
obj ects on an optical disc, wherein a recording area of the optical disc is
di vi dedtheat drawing al | Theoftdidlocksrepbading whech dst cohpoketienfth setblaf N
sec consecutive sectors, each sector having a size of S size bytes, the

opti cal sHbwe riacords. sectioicliut«d,met o o eSO il Tt Be ag¥i PURIK, for vaadx
sector on the optical disc, said optical disc recording apparatus

compr | Shilhe? LEANIUHL Ulldn OPESADLErLOLE 80 RERe aREhaY. | NAOT URBIAN 1LY QIR he

optical disc, a detecting unit operable to detect a series of consecutive
unassi gned sectors_on,th tjc disc by referri tQ. the read sector

i nfor na?F%H,lng’t ot Al tgﬁzg\‘gl‘%iﬂgﬁ sgﬁpggeﬁlgin%ge%%b]g%‘al 8& bt%ﬁ)acﬁ(sa Wl&% the
predeterm ned_size that corresponds to a data anpunt that ensures the

r

epPodutRF oRPABFALRAKE fRIT UAT Rt EPPESFEER HESHrOYUBPKER 3 itheS Y3 RB0 LéBjSS0t ;

and a recording unit operable to divide and record a video object onto two
or noreTBer r cofiseffectavendssi dgnkeckectors edsthe@edthgse hwadaeddeing
unit, and the predeterm ned size is the nunber of blocks which is
repr esehérdtas AW' bilodkse sl Ireworgleidor iml aheN=vatTpbléNleagt8* RBi bapck
(1-Vo/vr) ) , Substitute Sheet - 10 January 2003 96 where "Tj" represents
a maxi nHabiEMP Wik @fucd an arrangement in which the variable-length AV
block table includes, for each wvariable 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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optical pickup of a 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. 2. The
optical disc recording apparatus of claim 1l further conprising unit

oper abl e the geVebdloz kEanagen@nt dnEoLoalton shoveagr i egs tak tdtewpt seakor
di sc where the video object has been recorded by the recording unit. 3. An

optical eivSodLCOrHaRE NBENOErf Oz JrRCOREGBE L VG0t AR] €BF SpBCEAN @&ﬁagéinent
di sc for use mnth a reproductlon apparatus, wherein a recordlng area”of the

opti cal | n alLity k o]
conposedqb eﬁﬂgqé%ﬁqggc&ggﬁggég |$égsgﬁgo$é8$e§%ﬁ8g F £Vﬁ§%§gkgs%9et8?
S-size bytes, .the optical_disc records sector information show ng data

assi gnne @rPdeQ%eﬂf 't Y Ik hE B%?f% di sc, said optical disc recording
met hod conprising: a reading step for readlng the sector information from
the optical disc; aFdeteéétshgwst tpef pudshecornsd racddree@mplohsetuthgeAv
unassi gned sectors on the optical disc by referring to the read sector

i nf or mat bdcka nariademsdze tdblde series being no snmaller than a
predeterm ned size that corresponds to a data anount that ensures the

reproduction  Substhbuh& Perik mdthdaneras Y2008 Ihcapprisatdis d¥Ffangement
uninterrupted reproduction of the video object; and a recording step for

di vi di ng and, acardisng B bdeeegbhbect@nboct eas Wi&hsgébﬁscm:r%s;[)ﬁnd to

consecutive u signed sectors detected in the detecting step,

pr edet er m _ne i.s the nunber of _bl ock h_ is.represented as "N’

Phe ol | GRMAYT SRRS: | RBGE: TIFER SEcrHoslSeinre. (BTUrTEehnERs Rypber Ot
represents a maxi mum j unp tlne of an optical pickup of the reproduction

appat@t ufiled TecaHcesk Ans the ApBLotkandfeiveddt @softhe BSRlgHEersbatene
reproductlon apparatus, and "Vo" represents an effective output transfer
rate of (e t napkerbufder . bdtsThereptiseal Horxc neguwmsntyinget hbeé ofisslgnmest

further conprising a step for generating nanagenent information show ng

areas of styatwptofakhdi 8¢ Werckd hes vdeleor Db¢@cinhahebeer seenordamsbd tméhe.
,recording step. 5. A conputer-readable recording nmediumrecording a

pr ogr am frote MesRNAITNg Hiicdea nahicarLs BB ANNBRY G3 FidkdIse midd) ane numbex
reproduction apparatus, wherein a recording area of the optlcal disc is

di vi ded i or 1 pLuLal ool bl PRk congh Of Mlcheds composed al. el of

N-sec conseclfive séctors, each Sect aving ‘a size of size ytes
optical disc r ctor, infor o ow ng data assignnent for each
sect%? n &5 tfﬁég;ﬁh S lnS%%%P?% gogﬁeet -10 January 2003 98 ¢ said
program causi ng a conputer to _execute: a reading step for reading:the
sector information FRERyt ABSoptawEH %ﬁsﬁ%t%.ﬂE?eE??ﬁ§r§Fe§°f&?(ﬂﬂ%ﬁ%?ﬁﬁra
series of consecutive unassigned sectors on the optical disc by referring
to the ré&athsestumtamicomrgispondsatioovae 8Vzeleick.he Idemags HRdPRP chatedher
than a predeterm ned size that corresponds to a data anount that ensures

t he reprdduet iien dpareat ksidf aecordededhupt @d uredridducis aww aflddies witte® the
obj ect; and a recording step for dividing and recording a video object onto

two or mgfiQ sSerd esv of i LONGEEeEL YEy URASShenad 13861e0rss AetRetftk it tHee area
detecting step, and the predeternlned size is the nunber of blocks which is

reprgsen i he _f W f 0
Si ze)?os( 1%%@ isé}{t eQretn i? (& rs% nggngégghga%m J{e@éﬁ% l'%\ﬁar}]g opt?%% L
pi ckup of .the reproduction ap resents i.npu ransfer
Pate of &Ltack BU %?'%P SRS he PREnFNEEr oR o HR P At BET Ana e % %li%pmg%ﬁ?%d
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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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Substitute Sheet - 10 January 2003 99 ' 7. An optical disc recording
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file, and does not assign one AV block having a zone boundary to
10 one AV file. With this arrangement, it is possible to ensure the
uninterrupted reproduction even if an AV file is recorded into the
AV plock 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 area in which 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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sectors in which AV data has actually been recorded, not the

15 statuses of all the sectors included in AV blocks whose statuses

are 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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10 assignment management information is used instead of the AV block

management table. The differences (1) and (2) are described below
10 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, afeas 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.1l-3 and 8-12 used in Embodiment 1 also
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table shown in FIG.6 is 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 recorded 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 Dblocks. 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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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 corresponding AV file. However, in
the present embodiment, the information i1s recorded as non-AV
files respectively corresponding to the AV files. The pseudo
consecutive record assignment management information has a 1list

20 structure.

(2-1-2) Assignment of Pseudo Consecutive 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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a table including entries el and e2. Each entry includes, from

)qqqqq#r ;

()-$10%

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
specified 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 space bit map are managed together so that they reflect each

10 other, althoughr they use different wunits 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 "O" 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.1l4, the hardware
structure of the DVD recorder shown in FIG.15, the structure of
MPEG encoder 2 shown in FIG.16, 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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assignment management information is used instead of the AV block

U&

management table. Accordingly, a program different from the
program is stored in the main memory 1ld shown in FIG.15 for use in
5 the present embodiment.

(2-2-2) Function Block Diagram

FIG.37 1s 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 1ld 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.1l8 are not used,

20 but a file system unit 202, recording/ editing/ reproducing/
control unit 205, and AV data recording unit 210 are used
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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The AV file system unit 203 differs from the AV file
system unit 103 only in that it does not support the AV_WRITE
command shown in FIG.21.

The common file system unit 204 differs from the common
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
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
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
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

about 7MB, and also creates a new piece of management information

78 .



10 U@ 10% U& ()-8210% U& () - &10% U& () - &Y4AMLO% U& () -, 2$10%

U& ()-0g2aBYNClp $109B& ()- &109B& () - $109B& () - $109B& () -1 $109B& () -!

Sz) 1098B& () - 2s/ | dEYNC! p

$109B&' () - $109B&' () - F' 109B&' () - $109B&' () - f $109B&' () - 9$109B&' () - 2ndEYNC! p

) Z109B&' (ShoWSL0VRE FIG - AEP0YBRHErerf #d1dD @8 pErudarlooBRe ¢t 8$20®Rgyd | BdEY

NCl p 61098& () - 4GLOYBE () - f2$109B& () - 90$109B& () - F

. & 10988 dl)realiy/BEet) cheamenhCip $308B81(hb1689BRAE) ah 1828&' £5114@Bn0Br as

10Bf ; 1098& () - F8:' 1098& () - 9~! cdBbCl p !Lf

(0B 08 (s 349BRCK ok AR (o SAQBESL) SMUEES (10830UBEA L cHUIIERD! g

I L# 109B& () - ! $1098& () - F$109B& () - $1098& () - $109B& () - OM 109B& () - e D

| 8051098¢ 1098 0 %4098 8
. égnﬂxﬁ%& @gg@ %E f%%e@ ; SO $d - " RIORE () - @B () 3364

ofuj _=p Ty
10%3&' 98M 109B&’ & I | 4$1098B&;
$1o%(32&' ﬁc%ﬁﬁd% % %{3}‘ 35658 eé) (éloé/% }(Eilﬁ’?io%%&'ft‘ﬁnw%ﬁﬂeﬂtp

#1098 () - FS100B& () -, $109%8& () - $109B& () - 1098& () - $10%8& () - AdE) =!I p
'5010%3&' QIR C(J; _thes rpepky (358590 &a(f?a' $109B& () - ¥%$109B& ()-"[dYN
Clp ! 105 10B 105 109B& ()-L9109B& () - 6$109B& () - 4109B& () - 2

10988 () -(GNSHEYNGgedrding of AV Files

f3$109B& () - S&L0YB& () -1 $10YB& () - $109B& () -f$109B& () - f Z( 1098& () - 3s9| dEY
NC! p ! Recording of AV files in the DVD recorder 10 is
f$109B& ()-y109B& () - 109B& ()-f$109B& () -fy$109B& ()-f $109B& () - | BAEYNC! p

| .
f*$1098& BEF S8 11098 () - #& 1008& () -1 $1098& () - f F$109B& () - >b
"dEYNC! p !

f 6310988 () - f 41008 1§: ?55&%%&%5’“?*‘656%&2"(’%% FosRE O T DR TG 3% 15k
|~ @p '3 10% 10% U&' () -! F( 109 10B 10B 10Bf;

1098& () -9 &e(%okdle%fﬂf @ I%%é%‘% gf“&?ééwef%m% U& ()-f$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/

55 editing/ reproducing/ control unit 105 via the user IF unit 106.
On receiving the notification, 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 assigns 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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possible.
The recording/ editing/ reproducing control unit 105
5 sends a file identifier and a parameter indicating the "time-
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 through the receiver 9 and
10 transferring the encoded MPEG data to the track buffer 3a (step
381?.

The recording/ editing/ reproducing control unit 105
iésues 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)

20 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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The Fd specified by the parameter includes, as the file
entry does, information of a storage po§ition 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
15 every time the WRITE command is issued during the period between
the opening and closing of the Fd. For the second or a subsequent
issue of the WRITE command, new data is additionally written,
following the already-recorded data.
On receiving the stop instruction (step 384), the AV
20 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

25 210 then refers to the Fd (extent) of the recorded AV data to
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106Y$10c(§&m(1_21nd$&9e/§‘ ko %EQL/@ ﬁgcﬁlgr@‘ L@ 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
1s 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
200 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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5 of the pseudo consecutive record in accordance with the bit rate
of a video object to be encoded actually, while in Embodiment 2,
the minimum size of the pseudo consecutive record is set to a
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 map 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 Dbased 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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input transfer rate of the track buffer (rate of data read from an

5 optical disc), and "Vo" represents an output transfer rate of the
track buffer (decoder input rate), where Vr>Vo. In this model,
Vr=11Mbps.

The lower part of FIG.39 is a graph showing the change
in the data amount of the track buffer in this model. 1In 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. In 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 #3j 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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the period T4 represents
a time taken for skipping the current ECC block that has a
defective sector and moving to the next ECC block. The skipping
to the next ECC block is performed when even one defective sector
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 uging 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).
This method is called Ecé 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. 1In this model, it is presumed
that the maximum disc rotation wait time is about 105mS. In the
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

number of ECC blocks included in the pseudo consecutive record.
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consecutive record is calculated through the following

procedure.

In the period T2, AV data is read from the track buffer.
Only this is performed. TIf the buffer capacity becomes 0 during
this period, an underflow occurs to the decoder. When this
happens, the uninterrupted reproduction of the AV data cannot be
ensured. Here, to ensure the uninterrupted reproduction of the AV
data (not to generate the underflow), the following formula need
be satisfied.
<Formula 6>

(storage amount B) = (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
consumption amount R is the total amount of data read during the
period T2.

The storage amount B is calculated using the following
formula.
<Formula 7>

(storage amount B) = (period T1)*(Vr-Vo)

(read out time of one pseudo

consecutive record)* (Vr-vo)

(L/Vr) * {(Vr-Vo)

(N_ecc*16*8%2048/Vr) * (Vr-Vo)

(N_ecc*16*8*2048)* (1-Vo/Vr)
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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 following formula to ensure
the uninterrupted reproduction of the AV data.

15 <Formula 10>

N_ecc & 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 value (In the reproduction apparatus

20 model shown in the upper part of FIG.39, Vr=11lMbps). 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 1l 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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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 reproduction apparatus should output
the first pack of the following video object.

15 As shown in the above Formulas 10 and 11, the minimum
size o0f 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 ECCIblocks 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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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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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 recqfding/
editing/ reproducing/ control unit 105 wvia the user IF unit 106.
On receiving the notification, the control unit 105
15 assigns an areé 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 c¢l is smaller
than this value, and:unassigned areas c2 and c3 are both greater
than this value. | 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 recording 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 1is a flowchart detailing the procedure of

assigning the pseudo consecutive record performed in the step 400

25 of FIG.40.
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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 determines the minimum
size of the pseudo consecutive record using the 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 quality
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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4

5 As described above, when recording AV data, the DVD
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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data to 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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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 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
corresponds 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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areas of the optical disc where the video object has been

recorded by the recording unit.

3. An optical disc recording method for recording video
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



10 +$10%&' ()-)10% ()-' 10%& () -1 %10%&' ()- 9@ ' 10%& ()- & 109%& ()-o*adE:/ 10
10@ 109& () - 98M 10%& ()-s6$10%&' () - YA10%& ()-0$10%&' ()-9-M 109%&' ()-.1/uVv7/
10" 10988 () - F_1098B& () - $10%8& ()-! (10%BB& ()- #109B& ()- a0UBE& ()

10/ 03dE7/ 10 3109B&' () _ Substitute Sheet - 10 January 2003

, 10988 ()-s109B& ()-$109B& () - $109B& OF- $109B& () - 3k?} dE7/

10", ) $109B& ()appk0¥Ba's() £$10MBEnEPr sUX ADIYBEbfdduction of the video

$109B& () - s109 &'%%-_}: E7/
10° 6$109B& () - SPTTIBEALY - 1510988 () -/ $109B& () - ss-9' 109B& () - F+$109B& () -" %
& (D] > 10810%& ()-! ,,(10%& ()- .,,(10%& ()- 10B 10B

10B: 1098&' () -, 8109B& () - EndE] > o . .

T 100 () ki 1098 (] BIOVELT. SEove: FF- 841694 )1 AR e

109' $10%&' () - HBIOYB{to @& 10VBde SHetO¥R O)f- EDDOUEN € ) vOSLOUR ignediZaB] >
1096$10%&: 8 oY4 10&&'?):}- &52§1100/e86'23299%1€%8%:§§é Lt +8 %E%/&' ()-8& $1(1g)8;& ?) ! 7{ ~
Vo100, T) 10068&F (S P50 R 1P AT T oY Fy-“"490 10 109@

109& ()-8' 109 ()-{pxV7,: 10 :Y10% & ()-! &(10%&' ()- '$ & 109%& ()- '$

& 1098 ()- & 10%4& ()= )! &(10%&. (). /p .k, 10 Y109 .

Lo%bbE 8 LS$1(()%)&' E‘S‘é é@&%‘%ﬁ?&?&m???f&b%%S?‘;%-“elg"%g’%? )/?3}'{ 1Bt MG 10

- YOy$10% &' () - Ls ' ddpse&ehre@ as "N" in the following formula:

$10%& ()-L$10%& ()-L$10%& () - 10%& ()-!\dEK: 10

N=Vo*Tj/(N_sec*8*S size)*(1-Vo/Vr),

where "Tj" represents a maximum Ijump time of an
optical pickup of the reproduction apparatus, "V
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.

4, 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.

5. 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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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

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 jump time of an
optical pickup of the reproduction apparatus, "yr"
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 recordiﬁg 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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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 on the optical disc,
sald 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
corresponds 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, "Vr"

represents an input transfer rate of a track buffer of the
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