,e3e66, 2R6T@+  DESCRI PTI ON 24 May 2002 OPTI CAL DI SC, RECORDI NG APPARATUS,
GE MEDI UM STORI NG A RECORDI NG PRCIBF\’A% N
m OF THE | NVENTI ON The present inventi Mé%ﬁé@%s to

Wi
RECORDI NG

an optical disc*shet records MPEG (Moving Pictures Experts G oup) streans
in which vid ) nd audi o streans have 10 been mul ti pl exed. The

pr esent inve@m@ﬁmmgmuuw | ates to a recordi ng apparatus, and a
conput er - r eada % @ﬁprage medi um storing a recording programfor the

optical disc. BA ND OF THE | NVENRESNrER: Many novie and hone novie
fans are not satisfied with nerel y-vrewng—vi deo i mages and want to freely

edit the contentopfrtaeofisst | "RECORDMIED REPARATUIRIRS COMMPEERARY del ete
an unwant ed section froman MPEG stream that has been 20 obt ai ned by

mul ti pl R ASARNE FTORACEVMESATM ISEOR 1N 2 URl CORDITIITBPROBRAM MANTRI SO
change the reproduction order of an edited MPEG stream as desired. File

syst ens  hagchapdhe: Vobtuepr eans |i ke a
S

FIELD OF THE INVENTION

The present invention relates to an optical disc

that records MPEG (Moving Pictures Experts Group)
streams in which video streams and audio streams have
10 been multiplexed. The present invention also relates to
a recording apparatus, and a computer-readable storage

medium storing a recording program for the optical disc.

BACKGROUND OF THE INVENTION

15. Many movie and home movie fans are not satisfied
with merely viewing video images and want to freely edit
the content of recorded images.

When editing images, a user may delete an
unwanted section from an MPEG stream that has been

20 obtained by multiplexing one or more video streams and
audic streams. Users may also change the reproduction

order of an edited MPEG stream as desired.

File systems that handle MPEG streams like a

25

computer handles files have
attention for their role in

editing functions described

been subject to increasing
the realization of the
"file

The term



conput er handles files have been subject to increasing 25 attention for
their role in the realization of the editing functions descriggwh§ggﬁg. The
term"file 1 24 May 2002 system is a general nanme for a data
construction for managi ng the areas on a random access storage nedium Ilike
a hard disk drive or an optical disc. As one exanple, file systens
standardi zed under ISOIEC 5 (International Standardization O ganization/

I nternational Electrotechnical Comm ssion) 13346 are used to store MPEG
streansyigtdml' ess lan gardralf NamsySbtem tdecdi teastthatcisione fIREG st reans
are managed usi ng managenent information called 10 directory files and file
entri emangihgsthea dr¢@sentr v irahddes axc=par ateraldeocacdanmdescri pt or
for each extent that conposes a file. Each allocation descriptor includes a
| ogi call ildeock hambled (3 BNJIrsvewiary aheopsdaadi ngiposi t iZoh ofean extent in
the file and an 15 extent |ength showing the length of the extent. By

updat i sgamel¢ pgifdale B wvekengnsdranda ) ze&ed undent ISENGEES, | ogi cal
sectors on a disc nedium can be set as "used" or "unused". This enables the
uSer tdlpdarndtjoad et dadarcd aat i@noPridegiicadtsear/ors. 20 when a user
partially deletes an MPEG stream where_the m ni nrum del etable unit is one

| ogi calnNgERNAT bPN2L04El egE EQLedddbdidy FRYMHAAS benpodsidfie &BF t he
resulting video stream and/or audio stream This problemis caused by the
parti alHS&8l di% oht 25 ShdBief peEFeAHRd Wit Rdd€Sconsi deration to the act ual

anmount of MPEG_strea data,ztored in each Igg%ﬁal 2 24 NMay 2002 sector.
For DVD St andaf® St #sIieCordedit &8 c&fs BSMBEE St $RARE YEESt ding to

MPER2 St andard._ The data si,ze of each gack to he ecorged on_a P%g is set
equal PHTERES RF EalLRETT UP789 FARAICPELY L TRENBEHOT PR EG stream

13 CeoaLBt Al BRSkon SRl ey o RO ELls L g aunil of data

into d@ﬁ@ry includes a separate allocation descriptor for each
extent that composes a file. Each allocation descriptor
includes a logical block number (LBN) showing the
recording position of an extent in the file and an

15 extent length showing the length of the extent. By
updating the logical block numbers (LBN) and extent
lengths, logical sectors on a disc medium can be set as
"used" or "unused”". This enables the user to partially
delete data in units of logical sectors.

20 When a user partially deletes an MPEG stream
where the minimum deletable unit is one logical sector
of 2,048 bytes, decoding may not be possible for the
resulting video stream and/or audio stream.

This problem is caused by the partial deletion

25 being performed without consideration to the actual

amount of MPEG stream data stored in each logical



di visions of a predeterm ned size. These data divisions 10 are then
converted into packets. A grouping of one or nore packets isﬂ%kﬂac5 %gacks
are given tine stanps for data transfer of the MPEG stream |ﬁ6 B ks
the unit used for data transfer. On a DVD, there is one-to-one
correspondence between packs and packets. In this data 15 construction, one
packet exists within each pack. Video packs store divided data for three

ki nds of picture data, nanely, Intra (I) , Predicative (P) , and

Bidiregddongtly Froadipadi seapBlafi claaes. AN tepbetie® aesults from
conpression of an imge using spatial 20 frequency characteristics within

the | meggnprébbedt MEHEI §tReahs dded ridiagesso AMPEB2Ctayendesdl.ts from
conpression of an image using correlation with preceding inages. A B

pi cturereesdidt s ki cofipeassdl pack @0 beageasrdgdcar ed abvdniwi th bot h
precedi ng and 25 succeedi ng i nages. \Wen a partial deletion operation
updat esdtheeGua l24 dviph@0D3gheradgesweat ornsdraeat i on, vi deo packs that store
one frame of picture data may be partially deleted. If B pictures or P
pidctures that Pef ex restbé,pare aphgkdéretanl ¥PAGe sdfrpimt dse data renain,
decodi ng of such pictures will 5 no longer be possible. For audio, audio
frame detcofdedaipl @eath t yoofi clldammacterst otere n angaakli vepack. to
Hereafter, the term"audio frame data" refers to the anount of audio data
that i€ r@prodoéedaiter ohe2BUliPET ratiecamhi s Undap Yer&ralvideal | ed an
"access unit". For . an MPEG stream this is the minimumunit for both
decodi 6§ r&#NS epRedgsdich stEpams Brei deviged fittexd@ides, Dol by- AC3
met hod uses a franme | ength _ of 32nmsec for the encoded audio stream 15 while
MPEG uSdy 18 ¥9RfreCfedgtth @fe b2rBddiechnit Epem (Qhear Apties &icoHe1RBEul at i on)
es a frane length of approximately 1.67nmsec (1/600sec to be precise).

YPrce RRE BRTAL SOREE A oUTHE RARE 5 ame MALP YR ABoHy -8 PE 192Kbps,
the size of one sgt of audio Lraw% dqga s . .

more packets 1s a pack. acks are given time stamps for

data transfer of the MPEG stream, making packs the unit

used for data transfer. On a DVD, there is one-to-one

correspondence between packs and packets. In this data
15 construction, one packet exists within each pack. Video

packs store divided data for three kinds of picture

data, namely, Intra (I), Predicative (FP), and

Bidirectionally Predicative (B) pictures. An I picture

results from compression of an image using spatial
20 frequency characteristics within the image, without

referring to other images. A P picture results from

compression of an image using correlation with preceding

images. A B picture results from compression of an

image using correlation with both preceding and
25 succeeding images.

When a partial deletion operation updates the



20 768 (32nmsec*192Kbps) bytes. Wien | oadi ng audio frane data into packs,

t he payl oad size of a pack is subject to a maxi num size of 2036 NEM 882 For
Dol by-AC3, this is the non-integer value of 2.624 times the audio frame
data size. Since 25 the payload size is a non-integer nultiple of t he audio
frame data size, dividing the audio streaminto units of 4 24 May 2002

t he payl oad size of the packs and storing the data divisions in order in
packs will result in certain sets of audio frame data extending over a
boundamya heleeem @uth fo pagks.orb, Thedepp@adiast tBhtFigkoteshous Exan®l e
audio frames. In Fig. |, each section between the "<" and ">" synbols is an
audi 0 fganpicwilde tdetd <thagymelpshonand vt hte peesent atI OnBspardtite® and
the ">" synbol showi ng the presentation end tinme. This notation for audio
10 framms Pspaksansedthatt e fat | oai thedimat sl 1 Thelealldt edf ifarenalat a t hat
shoul d be reproduced (presented) for an audio franme is inputted into a
decodero hebp bceutrlee dateseneabiion sdacddinge af shehapdicchirasewillli s audi o
frame data shoul d be taken out of the buffer by the 15. decoder at the
priesentrat | bongear toe ipessibéel.ower part of Fig. 1 shows an exanpl e of how
the audio franme data to be reproduced in each audio franme is stored in
audi o packs. |Fahisudigur@udhe &udie fdame fataa @beraéptoduntd for
audio frames f81, 20 f82 is stored in audio pack A71, the audio frane data
for audiZRmesndstSFaredt sRe@nien audio E@gk/WQHeéﬁéﬁﬂﬁrauﬂhé e dat a
for audio franme f86 is stored in audio pack A73. The audio frane data for
audi o 23kl e girpmepsiak g\ deg fisatsnden tﬁ@ A back Aﬁldﬂeqa.a@laéénes first

and the _audi o pack A72 that cones later. In the sanme way 24 May 2002
the audin@¥ rafer8RELFHFAudrs ﬂﬂﬁmﬁ@@sol§§ﬂW¢dedTﬁéﬁmﬁﬁlthe audi o pack
A 2 that cone first %%9 t he ,audi o pack. A73 that cones I The reason

e aufi®S9r% Yd%ﬂ}% bR e d*RLF one N M |§ 5€8{yi ded and

stored qgvféaggloﬂ¥§¥%hﬁsukg%tgor beth decoding and

reproduction output.
To give specific examples, Dolby-AC3 method uses
a frame length of 32msec for the encoded audio stream,
15 while MPEG uses a frame length of 24msec, and LPCM
(Linear Pulse Code Modulation) uses a frame length of
approximately 1.67msec (1/600sec to be precise). Since
the bitrate when decoding audio frame data for Dolby-AC3
is 192Kbps, the size of one set of audio frame data is
20 768 (32msec*192Kbps) bytes.
When loading audio frame data into packs, the
pavload size of a pack 1is subject to a maximum size of
2016 bytes. For Dolby-AC3, this is the non-integer
value of 2.624 times the audio frame data size. Since
25 the payload size is a non-integer multiple of the audio

frame data size, dividing the audio stream into units of



boundari es between audio frames do not match the boundari es between packs.
The reason that such boundaries do not match is that the dat athgﬂgéwe of
packs under MPEG standard is totally unrelated to the 10 data strucCture of
audio streans. If a partial deletion operation in |ogical sector (pack)
units is perfornmed by updating the file managenent information with a set
of audio frane data extendi ng over a pack boundary as shown in Fig. 1, a
set 15 of audio frane data that extends over a pack boundary that marks a
boundar yc fer plaher gwat balzeded et498 phaldkPershasgedifs eneesidda one part of
the audio franme data will be located in a pack that 1s managed as "unused"
whi | e theioetheomyrinwoldeie 1:9cphedsi wid pagkstinat is 20rmranagesk s
"used". An exanple of a set of audio frane data that extends over a pack
boundar yof saaddico frame datta fS3tendEing dve MPECostandRr g beitudeat es that a
continuous stream are reproduced from beginning to end and uses a nodel 25
wher e t headnot pfaczkslecodi ng is one set of audio franme data. Accordingly, a
decoder for MPEG standard perforns 6 24 May 2002 decodi ng under the

prém se that theThegupmean madtend d&ighel cohbwrucrsampileamuwdiot he
boundaries of a set of audio franme data. As a result, there is no guarantee
that a decddes.w 1In bBighl é,t cahreecky cdedosiewarnaddia %<8t reain'that
includes sets of audio franme data whose beginning or end is missing. This

i s due txyTpelBods Ansareiel frameudwstiy dite dACE seedeel f showd@decodi ng.
To ensure that an MPEG stream car. be properly decoded after a partial

del et i orkhe tPreseateslshp) s6ar0 fiime pasdd the (PEGsyrad BPYEES he
partial deletion, to separate the MPEG streaminto video packs and audio
packs, &P tBrRESEHEHEORNENG deidnet r edhilion e i eR dR5izediRe del et ed
area in a way that ensures decoding will  be possible. This re-encoding

e atesﬁ%ﬁ%g§516 sHFE PﬁgQﬁgG%PQ;QH+Q$ed6?WéP9§Hm,TPﬁe audi o
streamthat. i s.no | onger needed is re di scarded, and the remaining

Ul o SCTERH SR ETR A £2 ofBoged NAGTS. Phat SHAP AR CES! Aot SN oaht &

i ncl udes. the_renainin arts.of .partially.del eted sets of ,audio franme data.
20 Afte Orre-%lﬁcééfldﬁéa, %ﬁ%mgu&iso %Lf(%t%ﬂdl %c?eoa p(gl@ff?dzﬁ*e t?ﬁf?i’ﬁl Eggd again

(o, o0 a0, VEESCHL SRl Th 4 et L e ol o f 205 um oo

t he managemnent "I nformat i on i artta et on rfornmed
in thiSfyah 2 eéﬂgﬂ i 8.0 G e , - i

remul tipl em%gé?hg‘ke ar%&wa?(% fgr‘lagfegbf@é\%r gjlfgetnl—%eﬁdkgﬁgggarn%f%e

15 . decoder at the presentation start time.

The lower part of Fig. 1 shows an example of how
the audio frame data to be reproduced in each audio
frame is stored in audio packs. In this figure, the
audio frame data to be reproduced for audio frames £81,

20 £82 is stored in audio pack A71, the audio frame data
for audio frame £f84 is stored in audio pack A72, and the
audio frame data for audio frame £f86 is stored in audio
pack A73.

The audio frame data for audio frame £83 is

25 divided between the audio pack A71 that comes first and

the audio pack A72 that comes later. In the same way,



24 May 2002 reproduction apparatus. This is to say, recording and /or
reproducti on apparatuses (hereinafter, "recording apparatuses"%8%h§ ?o not
i nclude the required hardware and software are not able to pe? X]Bg tial
deletion. 5 Since there is a great variety of recording apparatuses that
range from portable nodels to devices that are installed in persona
conputers, it cannot be said that all of such recordi ng apparatuses are
equi pped with the required hardware and software. 10 In particular, many
recordi nghapparitsiseratneatdt® £ost kb | firpeesoied Conputergedre only
equi pped with the hardware, software and file systemthat enable the

repr oducheoweein MRS stiddanypatk AUCh tipeci Eomezarflivase amd saié war e

requi renents exist for the 15 realization of partial deletion operations,
only cerdadnot geesk oA7 Becdradi ngompparatiesr wi | Chize mdd 2oho ther fandiparti al
deletion. This greatly limts the opportunities with which users of optical
di scs wifrabhe aldt tbopbef arappaduced delirtdne epetixy i Hname2d DI SCLOSURE OF
THE INVENTION It is a first object of the present invention to provide an
optd cal digtdedatahapteseckpiodtedi andhppapacks timttbatythave a function
for updating 25 managenent information to performthe partial deletion of
MPEG st reauRdamigheoshnesti midipefppassntdg nof4 ma§c200Re nventi on ai ns
to provide a recording apparatus, a recording nmethod, and a recording

progr amRPlaRdREEG Y RREYECMPEG G § eanB NEnt L AROBpENET SWSR. The first

obj ect of the present invention car, be 5 achieved by an optical disc for
recormlﬁf%¥§§5%ﬁﬁ ?snPﬁaP%%QPobﬁaF§é$lﬁhﬁuﬁﬁﬁﬁeﬁﬁ?@cquQNQfstream

i ncl udi ng lurality. sets o iicture data and an audi Q stream i ncl udi ng
a plur alR%&gf %rd\ﬁgéﬁdr%arf} ddétsa,toé%f%ﬁl% H@&e&b?%%a E6nffi&ing a
pl.urality of 10 video object units whose lengths are within a predeterm ned
r ange, F2at nHéiﬂF%bFEc@%ﬁ%q SEOPPAG conpl ete sets of picture data and
conplete sets of_audig frame data. Wth the stated construction, each video
obj bct 15 < uni (1] ntl BAGE T bl GF AEFES T ORSRAT a8 St oL 8P A G FT AT dat a.
Provi ded ti.al: l efi I i 0 i_n unjts of video object
units,tﬁéﬁgﬁgshﬁ&égz éoﬁggﬁﬁgﬁ%%fggeﬁgﬁgéﬁ%ggggﬁ(ﬁgi%aving a former or

latter pard;Qbmdnteli Pfoaidiq J arerdata it the 9LiCRlFrame data
extending over a pack boundary as shown in Fig. 1, a set
15 of audio frame data that extends over a pack boundary
that marks a boundary for the partial deletion will be
changed. As a result, one part of the audio frame data
will be located in a pack that is managed as "unused”
while the other part will be located in a pack that is
20 managed as "used". An example of a set of audio frame
data that extends over a pack boundary is audio frame
data £83 in Fig. 1.
MPEG standard stipulates that a continuous stream
are reproduced from beginning to end and uses a model
25 where the unit for decoding is one set of audio frame

data. Accordingly, a decoder for MPEG standard performs



20 disc. Since no unwanted parts of audio franme data are left of the disc,
the partial deletion of video objects can be perforned mﬁthoqﬁ;mgﬁggﬁp to
re-encode the data on the optical disc. Since the partial deletl

operation can be conpleted by nerely updating the 25 managenent infornmation
inunits of video object units, partial deletion operations becone possible
for a wide 9 24 May 2002 variety of recording apparatuses. Here, picture
groups may be fornmed in the video stream each picture group including at

| east ongc&6H10fg Rikddrerdatl pAdmai shashkeen hat paganooted, aaed aghoyi deo 5
object unit may include at | east one conplete picture group. Wth the
stated cghst euettiigtluoeachtitieded obpecheudundakudes & paukalti tof of video
packs that conpose a picture group. A picture group includes a set of 10

pi ct ure dladihot fatartmsdbean | My aa fraseléencadedresast hed gsakemgers a
recordi ng apparatus perforns a partial deletion operation in units of video
obj ect uhas, andanader ewdatla dehabependcanrdetétyedladatdewenl ahedi@ft on
the optical disc. As a result, proper reproduction 15 is guaranteed for the
pi ¢ ur e stareamhithats irt¢iudest retoptofabudiiss fame tdetdawhbale del etion
operation. This neans that recordi ng apparatuses can sinply performpartial
del et e dyihnhéng Br neneél ysupdas ngt he Tieigesedue foriwei éosisn of deo
object units. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS These_and ot her objects,
advant age¥nend ff éxaurasddbe framavdataonewidad bkesmthappieeadingom t he
foll owi ng description thereof taken in conjunction wth the 25 acconpanyi ng
drawi ngs that ilTseRarEea Wi 20 cMEMSF HERERMOLATh S NRERPIEGHY i n t he

Drawi ngs; 10 24 May 2002 Fig. .1 shows how sets of audio frame data can
decoded after a partial deletion, 1t is necessary to

10 first read the MPEG stream before the partial deletion,
to separate the MPEG stream into video packs and audio
packs, and to re-encode the video stream in the area
outside the deleted area in a way that ensures decoding
will be possible. This re-encoding equates to a

15 * reconstructing of GOPs. On the other hand, the audio
stream that is no longer needed 1is merelyldiscarded, and
the remaining audio streams are not re-encoded. Note
that the discarded audic data includes the remaining
parts of partially deleted sets of audio frame data.

20 After re-encoding, the audio packs and video
packs are multiplexed again to produce an MPEG stream.
This is then recorded on the storage medium and the
management information is updated.

When partial deletion is performed in this way,

25 the analysis of MPEG streams, re-encoding and re-

multiplexing make hardware and software demands on a



extend over pack boundaries; Fig. 2A shows the outward appearance of a

DVD- RAM di sc that is the recordable optical disc used in the ﬁﬁ? harent s
of the present invention; Fig. 2B shows the recording areas o%a %@%XM

Fig. 2C shows the cross-section and surface of a DVD-RAM cut at sector

| evel ; Fig. 3A shows the zones O to 23 on a DVD-RAM 10 Fig. 3B shows the
zones 0 to 23 arranged into a horizontal sequence; Fig. 3C shows the

| ogi cal sector nunbers (LSN) in the volunme area; Fig. 3D shows the |ogical

bl ock ntebessudBNni apparideiyol uthiar das togsadh shwesrtiecani@nts of
the data recorded in the volune area; Fig. 4B shows an exanpl e data

struct uterotepdddiscendbny apafagusbsshtvesrai pnkdrtals t y" oéceetkiog picture
data arranged in display order and a plurality of sets of picture data
ar r angesbp areadisegs 'br dehatFidp 62t showd wialethel e dueradchy rafwate | ogi cal
formats in the data construction of a VOB (Video 25 Object ) ; Fig. 6B
shows tdmd| sgiftalaforane obta abbeotpaplerifiorm2pamiyi 2D0Qel katidrs. arr anged
at the front of a VOBU, Fig. 6C shows the | ogical format of a video pack
5 Since there is a great variety of recording apparatuses
that range from portable models to devices that are
installed in personal computers, it cannot be said that
all of such recording apparatuses are equipped with the
required hardware and software.
10 In particular, many recording apparatuses that
are installed in personal computers are only equipped
with the hardware, software and file system that enable
the reproduction of MPEG streams. If such specific
hardware and software requirements exist for the
15 realization of partial deletion operations, only certain
types of recording apparatus will be able to perform
partial deletion. This greatly limits the opportunities

with which users of optical discs will be able to

perform partial deletion operations.

20
DISCLOSURE OF THE INVENTION
It is a first object of the present invention to
provide an optical disc that enables reproduction
apparatus that only have a function for updating
25 management information to perform the partial deletion

of MPEG streams. At the same time, the present



that is not arranged at the front of a VOBU;, Fig. 6D shows the | ogical
format of a system5 header; Fig. 7A shows the | ogi cal fo”““zéﬁm Qo@ydio
pack for Dol by-AC3 nethods; Fig. 7B shows the | ogical format of an audio
pack for Linear-PCM nethods; 10 Fig. 7C shows the |l ogical fornmat of an
audi o pack for MPEG Audi o nethods; Fig. 7D shows the | ogical format of a
pack header, a packet header, and the audio franme information; 15 Fig. 8 is
a graph showi ng the buffer state of the audi o decoder buffer; Fig. 9Ais a

graph shomirsgttien baiter ot gowidéhe asordihtempddgatB,i 2 a graph
showi ng the transfer period of 20 each set of picture data; Fig. 10 shows
how t he meildoediacksmé bhAbdst @red tdheravdiral ft@amerdgtram epraducedond a

plurality of audio frames and the video packs that store the picture data
repr oducettesr ERHG vs Ureafsarn shoahdope rexbrdédc .25 Fig. 11 shows how
each set of audio frane data is stored in the payl oad of each pack when the
total size 12 TPHeMiyrai0jecheofayilvaderesertie audéntpackscamchbaded in
a VOBU is an integer nultiple of the audio frame data size;
achieved by an optical disc for recording video objects
that are obtained by multiplexing a video stream
including a plurality of sets of picture data and an
audio stream including a plurality of sets of audio
frame data, each video object comprising a plurality of
10 video object units whose lengths are.within a
predetermined range, and each video object unit storing
complete sets of picture data and complete sets of audio
frame data.
With the stated construction, each video object
15 © unit includes a plurality of complete sets of audio
frame data. Provided a partial deletion operation is
performed in units of video object units, there is no
risk of a partial deletion operation leaving a former or
latter part of a set of audio frame data on the optical
20 disc. Since no unwanted parts of audioc frame data are
left of the disc, the partial deletion of video objects
can be performed without needing to re-encode the data
on the optical disc. Since the partial deletion
operation can be completed by merely updating the

25 management information in units of video object units,

partial deletion operations become possible for a wide



Fig. 12 shows how each set of audio frame data is stored in each pack mhen
the total size of the payloads 5 of the audio packs |ncluded H% g&&y a
non-integer nmultiple of the audio frane data size; Figs. 13A an { how
exanpl es of packs in which padding packets and stuffing bytes have
respectively been inserted; 10 Fig. 14 shows a detailed hierarchy of the
stored content of the RTRWmanagenent file; Fig. 15 shows how video fields
are specified using the CVSPTM CV E PTMin the cell information.; Fig.
16 sho%]ﬁgvc Oé% q@cgcagéﬁe%q@éggﬁa?@ 15 ~ Fig. 17 shows the part,

out of hown™1n at corresponds to cells subjected to

partial deleti q_ré,uél ng Er‘"?ﬁse hﬁ%éggr&gm b Ohel8A i whiceh E/Q_ng{)ocks on

DVD-R. AM are freed fo econe u are as a result of a partia

del eti Qi tdah UgeePEA & PHOLTRI AR #2n @i d8Ba %h(l‘é‘sa agpkes A dhe VOBs,

VOB informati on, and PGC I nforration after a parti al etion; Figs. 19A

and 198 smx\féloakitfa *t%@ﬂdh\A@B%éﬂerl%r%efé%@oaa%éafatrﬁi éa@ﬁr &kiidleo

Q

deleti on; Figs. 20A arid 20B Show VOBU #j +1 and V #+2 1
5 object unit may include at least one complete plcture
group.

With the stated construction, each video object

unit includes a plurality of video packs that compose a
picture group. A picture group includes a set of

10 picture data that has been intra-frame encoded, so that
as long as a recording apparatus performs a partial
deletion operation in units of video object units, no
picture data that depends on deleted data will be left
on the optical disc. As a result, proper reproduction

15 is guaranteed for the picture data that is left on the
optical disc after the partial deletion operation. This
means that recording apparatuses can simply perform
partial delete operations by merely updating the

management information in video object units.

20
BRIEF DESCRIPTION OF THE DRAWINGS
These and other objects, advantages and features
of the invention will become apparent from the following
descripticn thereof taken in conjunction with the
25 accompanving drawings that illustrate a specific

embodiment of the invention. In the Drawings:

10



24 May 2002 before and after a partial deletion; Fig. 21 shows an exanpl e

configuration of a systemthat uses the recordi ng apparatus q%lﬁhe ﬁ sent
invention; 5 Fig. 22 is a bl ock diagram showi ng the hardware to g ? ion

of the DVD recorder 70; Fig. 23A shows the construction the MPEG encoder 2;
Fig. 23B shows the internal construction of the 10 system encoder 2e; Fig.
24 is a representation of when a boundary between VOBUs mat ches a boundary
bet ween sets of audio frane data; Fig. 25 is a representation of when a

boundary 15 bet W§§0V@B%é§s nede e i@mtsh agbowndarymbelimen sghs of audio

frame data as a reSult of the generation of an audi o pack that transfers

only a regRbRINGRAF t pQEka RRIn@iraddi;o frane data to the audio decoder
buffer; Fig. 26A shows that a final set of audio frame 20 data is only

Gorb btor U AL e ipveesal apeeipiancd o wra
to prevesi skhe naudi s depedeleduddgblbéremtical disc used in the
5 embodiments of the present invention;
Fig. 2B shows the recording areas on a DVD-RAM;
Fig. 2C shows the cross-section and surface of a
DVD-RAM cut at sector level;
Fig. 3A shows the zones 0 to 23 on a DVD-RAM;
10 Fig. 3B shows the zones O to 23 arranged into a
horizontal sequence;
Fig. 3C shows the logical sector numbers (LSN) in
the volume area;
Fig. 3D shows the logical block numbers (LBN) in
15 the volume area;

Fig. 4A shows the contents of the data recorded

in the volume area:;
Fig. 4B shows an example data structure of a file
entry;

20 Fig. 5 shows a plurality of sets of picture data
arranged in display order and a plurality of sets of
picture data arranged in coding order;

Fig. 6A shows a detailed hierarchy of the logical
formats in the data construction of a VOB (Video

25 Object);

Fig. 6B shows the logical format of a video pack

11



becom ng full; 25 Fig. 27 is a flowhart that shows the procedure by which
t he audi o packing ~,~nlt 15 generates packs while 14 24 May, 02

sinmul ating the audi o decoder buffer; Fig. 28 is a flowchart s% H&OQ%e
processing for the partial deletion of a VOB, Fig. 29A is a representation
of when the deleted 5 area is positioned at the start of an extent; Fig.
29H is a representatior. of when the deleted area is positioned at the end
of an extent; Fig. 29Cis a representation of when the deleted area is

posi tiongd divgayafgégg%a@t exkeRpronkd Ekdg 3dmhows the case where one

set of audio frame data is stored in each pack; and Fig. 31 shows the

changes in the behger it akgol/Bat: el@%ﬁéé%‘i o thgt VeHUs shoMBol Bakilg. 30.
15 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The followi ng is an expl anation

of an optheal id seofndraan dh B0 taRPaF PbHE biFata ayeserbodi nents of the
present invention. This explanation refers to the acconpanyi ng draw ngs.

Fig. 6D shows the logical format of a system
5 header;

Fig. 7A shows the logical format of an audio pack
for Dolby-AC3 methods;

Fig. 7B shows the logical format of an audio pack
for Linear-PCM methods;

10 Fig. 7C shows the logical format of an audio pack
for MPEG-Audio methods;

Fig. 7D shows the logical format of a pack
header, a packet header, and the audio frame
information;

15 Fig. 8 is a graph showing the buffer state of the
audio decoder buffer;

Fig. 9A is a graph showing the buffer state of
the video buffer;

Fig. 9B is a graph showing the transfer period of

20 each set of picture data;

Fig. 10 shows how the audio packs that store the
audio frame data reproduced in a plurality of audio
frames and the video packs that store the picture data
reproduced in each video frame should be recorded;

25 Fig. 11 shows how each set of audio frame data is

stored in the payload of each pack when the total size



20 First Enbodi ment 1-1) Physical Structure of a Recordable Optical D sc
Fig. 2A shows the external appearance of a DVD- RAM di sc that4ba a
recordabl e optical disc. As 25 shown in this drawi ng, the DVS— = *}?Q?
| oaded into a recordi ng apparatus having been placed into a cartridge 15
24 May 2002 75. This cartridge 75 protects the recording surface of the
DVD- RAM and has a shutter 76 that opens and closes to allow access to the
DVD- RAM encl osed inside. Fig. 2B shows the recording area of a DVD-RAM 5
di sc. Asofhawe ipayheatisguwfe, thbeaDdRdRAMLbhs dancdatded anea alOBUSis
i nnernost periphery, a |lead-out area at its outernost periphery, and a data
area in &det wedrgdhembhéaddle avEathecendsio hEérageestary sefzerence signal s
for the stabilization of a servo during access by an optical 10 pickup, and
identification sFggal $2 csipoesenow@daisi srtwiath atdép fetiree dhtal ead- out
area records the sane types of reference signals as the |lead-in area. The
dat a ar estomeanvilti | @2chspdiok détenntbesénoz s shae vz the pastlasisunit
for which access to the DVD-RAMis 15 possible. Here, the size of each
sec?or i®fseheattwkidy Pagk2G hbwdethd reras¥OBPctisord apdnsdftagenf a
DVD- RAM cut at the header of a sector. As shown in the

multiple of the audio frame data size;

Figs. 13A and 13B show examples of packs in which
padding packets and stuffing bytes have respectively
been inserted;

10 Fig. 14 shows a detailed hiefarchy of the stored
content of the RTRW management file;

Fig. 15 shows how video fields are specified
using the C_V.S PIM, C_V _E PTM in the cell information;

Fig. 16 shows how VOBs are accessed using a PGC;

15 - Fig. 17 shows the part, out of the cells shown in
Fig. 16, that corresponds to cells subjected to partial

deletion using cross hatching;

Fig. 18A shows which ECC blocks on a DVD-RAM are

freed to become unused areas as a result of a partial
20 deletion that uses PGG information #2;

Fig. 18B shows examples of the VOBs, VOB
information, and PGC information after a partial
deletion;

Figs. 19A and 19B show VOBU #i+1 and VOBU #i+2

25 before and after a partial deletion;

Figs. 20A and 20B show VOBU #j+1 and VOBU #j+2

13



f-i gure,

of areflective film such as a 20 netal film and a concave-£oi
The pit sequence includes 0.4um-1.87~-mpits that are carved i'hto
surface of the DVD-RAM to show t he sector address.

each sector includes a pit sequence that is forned in the surface

¥?z%éb'il’ t.

The concave-convex par; .

i ncludes a concave part 25 called a "groove" and a convex part called a

"l and".

Each groove and | and has a recordi ng mark conposed of a 16

24 May

2002 netal filmattached to its surface. This netal filmis capable of
phase chaffge;e neadi af tHdhmatat parteedr diagemdoin;can be in a crystalline state

or a non-crystalline state dependi ng on whet her the netal
exposed to 5 a Fight dbkashoWs e téxampliaseahfingaera@iract efi sti c,

fil mhas been
data can

be recorded into the concave-convex part. Wile it is only possible to
record dgs&zeontithi&heusasl paet refccard MYy ( Mpgretd tta$poifcdalNe dbsesedat a can
be recorded onto both the I and and the groove parts of a 10 DVD-R ~M This

means thaverHelomeordi ng density of a DVD RAr|

exceeds that of an MO di sc.

Error correction information is provided on a DVD-RAM for each group of 16

segtors.

ECC (Error Correcting Code) is 15 called an_ECC bl ock. On a DVD RAM

dat a areanp mich ded od deverlVDzaeer 5@ ¥edlilze rotation control

Z- CLV(Zone- Constant Ljnear Vel ocity) during recording

10

15

20

25

Fig. 23A shows the ‘construction the MPEG encoder
2;

Fig. 23B shows the internal construction of the
system encoder 2e;

Fig. 24 is a representation of when a boundary
between VOBUs matches a boundary between sets of audio
frame data;

Fig. 25 is a representation of when a boundary
between VOBUs is made to match a boundary between sets
of audio frame data as a result of the generation of an
audio pack that transfers only a remaining part of a set
of audio frame data to the audio decoder buffer;

Fig. 26A shows that a final set of audio frame
data is only partially stored when 4KB of audio frame
data is stored in the audio decoder buffer;

Fig. 26B shows the buffer state when control is
performed to prevent the audio decoder buffer from
becoming full;

Fig. 27 is a flowchart that shows the procedure

by which the audio packing unit 15 generates packs while

14
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oM. T pturality of zones provided on a
DVD-RAM As shown in the figure, a DVDDRAMis divided to 24 %ggﬁg Hyger ed
zone Qzone 23. Each zone is a group of tracks that are accesse uglng t he
sanme angul ar velocity. In this enbodi nent, each zone includes 1888 25
tracks. The rotational angular velocity of the DVD-RAMis set separately
for each zone, and is higher the 17 24 May 2002 closer a zone is |located
to the inner periphery of the disc. Division of the data area into zones
ensures that _the optical pickup can nove at_a constant velocity while
per f or ni HgMEeaESIdIG B AR n2RAGihIRCSERE. PSS Fai ses the 5 recording density
of the DVD-RAM and facgilitates _rotation control during recordi hg and
r epr oduct i on. Fﬁ%?9385§h&&5%1%gPWEb%§§ SRPYRGEEME P TPRES i AC&r ea,
t he | ead-out area, an he .zones_0-2 hat are shown in Fig. 3A. 10 The
| ead-i n EeaPam JF%%dg%%?%&FEbf%%cﬁ §9§Vude a defect management area (DMA).

Thi s def d iti i_nf ' how h

posi tions of sediofs PAB Fhct GECHERES BN 6y dEeHRNE Bodtd 1 Bris

i nf ti hQwi . her, th t f 1 | aci def ecti

Coctor s B prSehie T ATCor 1 17 oBF Atbmah & HET v zone has a ueer
area, n addition 4o 3otenlacenpol ared and;gn wwsgkareacthahdey

provi ded at the ‘bounhdary wi't h” tthe"next zone. uSer ‘area’1's an a

the fil %éé/gt?gﬂ p%%i%foﬁédaa&ectcr{é“@gd% anf NéxfERkacenent area is used

to repl ace defective sectors when such défective sectors are found. The

unused area is ?reliél'r eagkhaty is Fgé%%t':ﬂdie%ﬁCBEdivﬁ%rga{ﬁe Baah wysed

area only includes”two tracks an rovi to 25 prevent m staken

i dent i fi6ald 0nsOho38Gt Q5naddne Theoheas ok foktbhics is that wr.ile

sector addresses are 18 24 May 2002 recorded at a same position in
adjoacent tracks pid hi 8ot Be sy EONBa skofwhle £& Vohle Jeacasdi BAdRRsi tions of
sector addresses are different for adjacent tracks at the boundaries
bet ween f2e18s. data is stored in each pack; and

Fig. 31 shows the changes in the buffer state

that are caused by the VOBUs shown in Fig. 30.

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS
The following is an explanation of an optical
disc and a recording apparatus that are embodiments of
the present invention. This explanation refers to the
accompanying drawings.
20

First Embodiment

(1L-1) Physical Structure of a Recordable Optical Disc

Fig. 2A shows the external appearance of a
DVD-RAM disc that is a recordable optical disc. As
25 shown in this drawing, the DVD-RAM is loaded into a

recording apparatus having been placed into a cartridge



51n this way, sectors that are not used for data recording exist at the
boundari es between zones. On a DVD-RAM | ogi cal sector nunbersy 4 oA €
consecutively assigned to physical sectors of the user area in order
starting fromthe inner periphery. These LSN show only 10 the sectors used
for recording data. As shown in Fig. 3C, the area that records user data
and includes sectors that have been assigned an LSN is called the vol une
area. 15 (1-2) Data Recorded in the Volume Area Fig. 4A shoms t he content

of the ggta r cgdggﬁkgdég? 5“B§d?éﬁt ftﬁeD@%{§%¢ Ige caLea is

used for recor |ng are each conpose a plura y o VOBs

and an 20 RPN (3aal Th '??a\@'gr hgl)rfﬁ%@a?srr%w o IdgehBakncs d1gsgBnagenent

|nfornat|on for the' AV | es omest | evel in Fig. 4A shows the

video s¢peamiapg @&éégssttroe%eTb%eR@zM e@ﬁél@rs%cﬂ' Mhgedel.nto the payl oad
size of ‘a packet, as shown on 25 the fourth [evel. Data divisions produced

by this d'V'S'0@16r92§(HE@wbntWé*%é@@ﬁ&id@“bf@@'@fp%CmWﬂﬁﬁAM24 May 2002
according to MPEG standard. These packs are nmultiplexed into the video

obj ect s VEB #1.a3V@h#eni A RendVEl gheeshove onviiR AN Kdsl evaleadhenAV file
is divided into a plurality of extéents according to I SO I EC 13346, as 5

shown oiréheagecandl iavelrmoBtesseexperisy are eaeki-Rcordeda mtan thused
area in a zone area in the volunme area, as shown on the top level. Note

t hat nametekmidae exé ehpheargssesdaazaae dboandar yn BeeseedN.fi ITdse and RTRW
managenment files are 10 managed using directory files and file entries that
have bekmadtamdarrkzedeupdels [1SQE | BEECEZHRn r Forefflee exxagpb egaladwen fiar Fi g

4A, the AV file that stores VOB #1, VOB #2, and VOB #3 is divided into the
extent stife BraBilanzikDioThede &xsenve alur sngraddessdig aneaptismml hat the
15 file entry for an AV file includes allocation descriptors for the

&t ent igksp, Carahdi@entid isatehes pignecks by pngvimy aanAusfidre are
call ed AV bl ocks. Each AV bl ock has a data size that ensures that a data
under f ["OWER PEhest eedle i n Thouieed-ovd |aiea regerkrds the same

types of reference signals as the lead-in area. The
data area, meanwhile, is divided into sectors that are
the smallest unit for which access to the DVD-RAM is

15 possible. Here, the size of each sector is set at 2KB.

Fig. 2C shows the cross-section and surface of a
DVD-RAM cut at the header of a sector. As shown in the
figure, each sector includes a pit sequence that 1is
formed in the surface of a reflective film, such as a

20 metal film, and a concave-convex part.

The pit segquence includes 0.4um~1.87pm pits that
are carved into the surface of the DVD-RAM to show the
sector address.

The concave-convex part includes a concave part

25 called a "groove" and a convex part called a "land".

Each groove and land has a recording mark composed of a

16



20 buffer, provided for disc access in a recording apparatus. Fig. 4B shows
an exanple data structure of a file entry. In Fig. 4B, a filgmqn% ¥00

i ncludes a descriptor tag, an ICB tag, an allocation descriptor engé% 25
expanded attributes, and allocation descriptors corresponding to each of
extents A, B, C, and D. 20 24 May 2002 The descriptor tag is a tag
showi ng that the present entry is a file entry. For a DvD-RAM a variety of
tags are used, such as the file entry descriptor and the space bitmp
descriptor. For _a file entry, a value "261" is used as the 5 escrlptor t ag

|nd|cat|W§Q§k|¢el@nﬁﬁﬁacﬁﬁgltB £4F SHOWE2GELr i Ut S i BRdedati brlf 68 t he
file entry itself expanded attributes are infaormation show n
attrlbutE§RQQ#?apﬁ|5Eéﬁq Nggnt SR HAR Fﬁ€QX#h%nFef@ gfﬁ@ﬁﬁby t he
211 ocat | GATGEEHr T 't%r”cfs'gfsstnaofwﬂl%ﬁ%fﬁé't% Gt R Gy S SR e e
nurber 1 AEPRIRS R8 MBEIT R Btk £ ok Y nEe e &f 'o"s?%q%b"‘rﬁé.kcm
e g S
o3 inusede 2 Pt dord, vy 0. BTG & (T
2L o R R Ll T g she oAty aphered o
plural ity, ot & &Y SbNalaRrie £ £EOHHET JdN | Ng1 ¥El, UR, 3L €8an2be
recorded onto both the land and the groove parts of a
10 DVD-RAM. This means that the recording density of a
DVD-RAM exceeds that of an MO disc. Error correction
information is provided on a DVD-RAM for each group of
16 sectors. In this specification, each group of 16
sectors that is given an ECC (Error Correcting Code) 1is
15 called an ECC block.
On a DVD-RAM, the data area is divided to several
zones to realize rotation control called
Z-CLV (Zone-Constant Linear Velocity) during recording
and reproduction.
20 Fig. 3A shows the plurality of zones provided on
a DVD-RAM. As shown in the figure, a DVD-RAM is divided
to 24 zones numbered zone O~zone 23. Each zone is a
group of tracks that are accessed using the same angular
velocity. In this embodiment, each zone includes 1888

25 tracks. The rotational angular velocity of the DVD-RAM

15 set separately for each zone, and is higher the

17



24 May 2002 (1-2-1) Video Stream The video streamshown in Fig. 5 is an
arrangenent of a plurality of sets of picture data that each q% F§@ﬁpd to
one frame of video images. This 5 picture data is a video signal ‘according
tto NTSC (National Television Standards Conmittee) or PAL (PhaseAlternation
Li ne) standard that has been conpressed usi ng MPEG techni ques. Sets of

pi cture data produced by conpressing a video signal under NTSC standard are
10 di spl ayed by video frames that have a frane interval of around 33nsec
(1/29.97_ seconds to be.prgcise%. Sits ?%%picture dat a Brodu%ﬁg %y

conpr esStA§E W P 8i drialt AUrieFIPAL LiHhdbRBear &5 SpREYdd ideo frames
that haye a fra interva% f. 40 c. The top level of Fig. 15 5 shows
exanmpl €81 8F -vi deo” ¥TahBs ©. Oqthngg. 45 3L% Jsggf’i &?&?%d?&lgt‘%&%eﬁ% n the

oot PR SRS O Ui bR LB
Tie) . AP SORBEY o PPy A Fames tri Ty BBk i Fe E Rt e

of S aok FPERAEY AP AEY ST ah Y VRS KRR FetAT e Eee Tl b5 Y
e re B e O B L e o RS L BB o ayed
before or afterpihe BramdoFEach 88t i%fomislUse MaifehsneoRMertied into one

of a Bidirectionally Predicative (B) Picture, a Predicative (P) Picture, or

an Intriadd) iRl alidL, FhE. 12Dt Babeli ClaK@SthB RidH&s €§-28ndHaPi Ctures
as all having the same size, although there is in fact great variation in

their sdzZessh¥hen idecpdyng3B pictures or P pictures that use the
time-related correlation between frames, it is 10 necessary to refer to the

iipages that arehepleddeddth hefoseand dfdad-dhe pirddireabhi ngadecdsled. For
exanpl e, when decoding a B picture, the decoder has to wait until the
decodi nip fdcalhanmgesenefl areed (IMAY.t h@HE pidefeet snaauapertat 15 As a
result, an MPEG video stream defines the coding order of pictures in

addi ti eraa detbmidsy pheidiop anbroeatdbrt hevihgr éhe IpoFigioms t he
second and third |l evel s respectively show the sets of picture data arranged
in di spfaysecdersatdidth tbdilhgeordiefec2s Wiwh zepégoemsanofpoaliy iBrpi ct ures
and P pictures is used, problens can be caused by special reproduction

f eat ur g fEmRapéPPorsM @etddi g ethe ¥ i Bhems@ahof fir vaglt tir vi deo stream To

revent such problens, an | picture is inserted into the video data at 0.5s
replacing defective sectors are present in any of the

replacement areas.

Each zone has a user area, in addition to a
replacement area and an unused area that are provided at
the boundary with the next zone. A user area 1s an area

20 that the file system can use 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. Each
unused area only includes two tracks and is provided to

25 prevent mistaken identification of sector addresses.

The reason for this is that while sector addresses are

18



25 intervals. Each sequence of picture data starting froman | pic~ure and
continuing as far as the next | picture 23 24 May 2002 is 4%%&5 Hup o
Pictures). Such GOPs are defined as the unit for MPEG conpression: t he
third level of Fig. 5, the dotted vertical |ine shows the boundary between
the present GOP and the following GOP. In each 5 GOP, the picture type of
the last picture data in the display order is usually a P picture, while
the picture type of the first picture data in the coding order is always an

LBpi?Fur \Mf%#?éigtE%A are géogrg%gi yggigaﬂﬁ Sﬁfégy%%%23381§ﬁ% %h§31afg1
obtai ned R ?ﬁrﬁépk‘é o9 foy! AEOLY rt?ﬁénfé‘gﬁom'rfq]séégémlo Spdo not have

a progra ode a t'he end 6A S e detaile hlerarchy for

the |ogi cal- t%“sééH?E's%réSOfaf/éBéi éfﬁé'r%r{@af‘ért Bty 4 BenkogirGa i § s et

| ocated on the tpp |evel I's shown in rfore detail in the | ower

| evel s. IH%\BdKﬁ@gEE@@ﬂﬂéﬁﬁebﬁ Legaied on the top level 20 in Fig. 6Ais
shown divided into a plurality of GOPs on the second | evel. These GOPs are

thessame as in Firg. thisovhbat she ik stunatdatte i RoS0R J8U t 5o hagakeen
converted into packs. The audi o stream shown on the right of the top |evel

in Fig. B6Adocrdionyeekedt {0 Plaekpovhddrei @5 bbitikdevebneisn t hensane way
as in Fig. 5. The divided picture data for a GOP unit is nmultiplexed with
the 24 DRH-WAM2003gaudilo sdceam hhaibdws beeN)diatsledons eicher Seakywav.
Thi s produces the pack sequence on the fourth level of Fig. 6A This pack
sequenceabetimgmed ptor phivisyi a1 VEBUS o ded theecatsdinids¢at hat cardeshown on
the fifth level. 5 The VOBs (Video Objects) shown on the sixth |evel are
conposedsbaniqngnﬁrbmythhtﬂmserV§BU§phe£mgeama$aiESNESQ@M(nnIYn Fig.
6A, the broken guidelines show the relations between the data in the data
stl@cturébeoﬁaﬁﬁ%m%nuSE@WéQ$ reoardiayuiadedi nedd relpyn R HiJcan 10 be
seen that the VOBUs on the fifth | evel correspond to the pack sequence on
the fourd@ | &he areat hBaf ciaperdat aser AFtanrns dnEhedsscSRFIRNEBI . As
can be seen b aci ng the guidelines, each VOBU is a unit that i ncl udes at
Ieast(nﬁb€£P%ﬂV PEEN18SSHiFeF eaBaldNi i @2rémchdieei BALYEE od of
around 0.4 to 1.0 second, as well as audio frame data that a recording
appar at 8*8Roul d read fromthe DVD-RANI at the sanme time as this pi cture
data. The unit called a GOP is defined under MPEG Video Standard (1SQ | EC
13818-2). Since a 20 GOP only specifies picture data, as shown on the

sgf nd I? the, aud|o dat.a anq_o‘her data (such as sub-picture
data and S SFCPRSE S P vkt B3t his picture data are not
ga” of the GP, Bderzl %%w Eh%”%ao fhedPCoPRIRS QP Yad rd &g usgd Tor

the volume area of a DVD-RAM.

The volume area is used for recording AV files

that are each composed of a plurality of VOBs and an
20 RTRW (RealTime ReWritable) management file that is the
management information for the AV files.

The fifth (lowest) level in Fig. 4A shows the
video stream and audio stream. These streams are
divided into the payload size of a packet, as shown on

25 the fourth level. Data divisions produced by this

division are stored in video packs and audio packs
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25 unit that corresponds to a GOP, and is the general nanme for at |east one
@GOP including picture data wwth a 25 24 May 2002 reproducti " er,| 9 of
around 0.4 to 1.0 second and the audio data that has been nu|?|HEé£8§ W th
this picture data. The arrangenent of video packs and audio packs in 5 a
VOBU is recorded as it is as a sequence of |ogical sectors on a DVD RAM
Accordingly, the data stored in these packs will be read fromthe DVD RAM
in this order. This neans that this arrangenent of video packs and audi o

packs 1 abhe e o’ﬁéa}‘:‘ﬁ?ﬁ dfendata n%ﬁ@séhga&aoa&ké hBreas dxem a

DVD- RAM " Each Vi s a storage capacity of around 2KB. “Since the

data SiZeqgh e WeaaoSUeARLD 008 VAR van jo saverde Ryndref kil obyl es,

t he vi deo 'stream w several hundred video packs. 15 The

fol I owi ngnbg-am:exphanghian of hey.a nerorgiyng aRparAl yevident ifies bhe

start of a ig. 6A, a system header hl is given, wth the arrows

that ext@drfarlqrw hbh g sxsleain headeh ridndifat b ngsthe st degaspagksd ocated at
the start of each VOBU. This system 20 header includes a variety of

paramet eggolvhatoraren & egeicoed Wehetlecodinus st £28kBt sSTherar eawh show that a
system header is stored in the first pack in each VOBU. These system

header s pstoasicxEpar akar srhefaeear¥eBUs i tbredatresefvethe. v2h e 2- 2- 1)
Dat a Construction of the Audi o Packs 26 24 May 2002 Fig. 6Bshows

t hel ogi catéar, nais dleowhden padokatopndedredt. t hEstar tthoita MOBE. AL stioswni n
Fig. 6B,the first videopack in aVOBU i sconposedof a pack header, a system
header, expacket disaslees andonaedobodatari/ that is part of the video stream
Fig. 6C shows the logical format of the video packs that do not cone first
in the VOBU. As Thesm AV F glesCanthdSERWi tenagsmantar €1éash aotthposed of a
pack header, a packet header, and video data, with no system 10 header.

10 managed using directory files and file entries that have
been standardized under ISO/IEC 13346. For the example
shown in Fig. 4A, the AV file thet stores VOB #1l, VOB
#2, and VOB #3 is divided into the extents A, B, C, and
D. These extents are stored in zone areas, so that the

15 file entry for an AV file includes allocation
descriptors for the extents A, B, C, and D. The extents
produced by dividing an AV file are called AV blocks.

Each AV block has a data size that ensures that a data
underflow will not occur in a buffer, called a track

20 buffer, provided for disc access in a recording
apparatus.

Fig. 4B shows an example data structure of a file
entry. In Fig. 4B, a file entry includes a descriptor
tag, an ICB tag, an allocation descriptor length,

25 expanded attributes, and allocation descriptors

corresponding to each of extents A, B, C, and D.

20



Fig. 6D shows the |logical format of the system header. The system header

shown in Fig. 6D is only appended to the video pack that is l?ﬁ@*?%ﬁ?% t he
start of a VOBU. This system header includes maxinumrate |5 8 on

(shown as the "Rate.bound.info" in Fig. 6D) and buffer size information
(shown as "Buffer. bound. info"). The maxinumrate informati on shows the
transfer rate to be requested of the reproduction apparatus when inputting
the data. The 20 buffer size information (shown as "Buffer.bound.info" in
Fig. 6D) shows trhe Heghesipthf frarg Size ttadeshedgirest eda bf thheprepeanduct i on
apparatus when inputting the data in the VOB. The following is a

descri penbayof st he fddea e28 ropnstiarctd iV DfRAACHR pagkie gt eft hagst Asedat a

construction of video gacks is not part of the gist of 27 24 May 2002 the
present U fdenEHEh. aAcESLditAdIEy oMY dRE R P ToHRE rtle i BR26E BL8P8Ppacks

wi |l be explained. Fig. 7A _shows the logical fqr . Of -an _aydi o ck for
Dol by- A#SS BFREPF-Angﬁoﬁn fislgreFie&tr?/A, aeé’é?}%di%&ts pja%ku?ﬁamaeggﬁ pack
header, h er re id i ng whet her the conpression
teghniqﬁgsgg%gﬁhg g%giéngﬁfé§ﬁﬁﬁﬁat§?§fbg% i’s Li near - PCM or Dol by- AC3,

audi o frame inf@pgRtEN:agNdndwkl Wiallibnt@f i$eltntft audi o f rene gaia that

have been conpressed using
entry itself.

The expanded attributes are information showing the
attributes with a higher-level content than the content
10 specified by the attribute information field in the file

entry.

The data construction of an allocation descriptor
is shown on the right-hand side of Fig. 4B. Each
allocation descriptor includes an extent length and a

15 logical block number that shows the recording start
position of the extent. The logical sectors on a DVD-
RAM that are occupied by an extent are managed as
"used", while logical sectors that are not occupied by a
valid extent are managed as "unused".

20 On the other hand, information relating to VOB #1
to VOB #3 is recorded in the RTRW management file as the
VOB #1 information, the VOB #2 information, and the VOB
#3 informaticn, as shown on the sixth level of Fig. 4A.
Like the AV files, the RTRW management file is divided

into a plurality of extents that are recorded in the

[}
Ut

volume area.



10 the conpression technique indicated by the sub streamid. Fig. 7B shows

the logical format of an audi o pack for Linear-PCM nethods. I n
Fig. 7B, each Linear-PCM audi o pack has the sane el enents aség '@%F%@bjﬁ AC3

audi o pack with the addition of audio frame data information. This audio
frame data information includes the follow ng: 1. an audi o_enphasis_flag
showi ng whet her enphasis is on or off; 20 2. an audio mute flag show ng
whet her an audio nute is on or off; 3. an audio frame nunber for witing a
frame qwﬁ¥ﬂ f/t e pudi fpame that is the fir s audio frame in the pack
In an ); 25 4. a quantization word | ength show ng the

word | ength V\hq«%éarkfgggbosftr%sgﬁglﬂ,g has hegn guan iged; 28 24 May 2002
5. an audi o sanple |l ength show ng the audi o sanpling frequency: 6. a nunber

g;daUdEQfHKﬁEﬁéﬁtt@¥ Arey1 he asatt ptofopatisalof sp eceareandb daathetinaur al ;

each correspond to one frame of video images. This
5 picture data is a video signal according to NTSC

(National Television Standards Committee) or PAL (Phase-
Alternation Line) standard that has been compressed
using MPEG techniques. Sets of picture data produced by
compressing a video signal under NTSC standard are

10 displayed by video frames that have a frame interval of
around 33msec (1/29.97 seconds to be precise). Sets of
picture data produced by compressing a video signal
under PAL standard are displayed by video frames that
have a frame interval of 40msec. The top level of Fig.

15 5 shows examples of video frames.” In Fig. 5, the
sections indicated between the "<" and ">" symbols are
video frames, with the "<" symbol showing the
presentation start time (Presentation_Start_Time) for
each video frame and the ">" symbol showing the

20 presentation end time (Presentation_End_Time). This
notation for video frames is also used in the following
drawings. The sections enclosed by these symbols each
include a plurality of video fields.

Compression according to MPEG standards uses the
25 spatial frequency characteristics within the 1image of

one frame and the time-related correlation with tmages

[
(g%



5 7. a dynam c_range-control that conpresses the dynam c-range starting
fromthe first access unit. Fig. 7C shows the | ogical fornatwgéﬁfug' packs
under MPEG Audi o nmet hods. As shown in Fig. 7C, each pack of N h&% has
the sane elenents as the packs in 10 Dol by-AC3, but with no sub streamid
or audio franme data information. Fig. 7D shows the |l ogical format of a pack
header, a packet header, and the audio frane information. 15 The pack
header shown in Fig. 7D includes a Pack-Start Code, an SCR (System C ock

Ref erencehatangra Biggnapdduxeratre ¥ dhese, dhe SeRmshowssibr befe at
whi ch the audio frame dat'a in the present pack should be inputted into the

decoder byf frercfheeedrald e1s £bavedteudi ardeeederobubfer™) provided for
the audio stream In a VOB, the first SCRis the initial value of the STC

( Syst em BigHE K ©€kpnbhaty i Bredovadedaas(®) sbandarte f eat Bredicat fleeoder
under MPEG standard. As shown in Fig. 7D, the packet header includes a 25
"packet gpartpicotlerprefdr'at hahtira t(e fPistucede ihig.pdcledtowa Bstream
ID" that is se~ at the fixed value for 29 24 May 2002
5 pictures, P pictures, and I pictures as all having the
same size, although there is in fact great wvariation in
their sizes.
When decoding B pictures or P pictures that use

the time-related correlation between frames, it is

10 necessary to refer to the images thaf are reproduced
before or after the picture being decoded. For example,
when decoding a B picture, the decoder has to wait until
the decoding of all images referred to by the B picture
is complete.

15 As a result, an MPEG video stream defines the
coding order of pictures in addition to defining the
display order of the pictures. In Fig. 5, the second
and third levels respectively show the sets of picture
data arranged in display order and in coding order.

20 When a sequence of only B pictures and P pictures
is used, problems can be caused by special reproduction
features that perform decoding starting midway through
the video stream. To prevent such problems, an I
picture is inserted into the video data at 0.5s

25 intervals. Each sequence of picture data starting from

an I picture and continuing as far as the next I picture



a private stream and a PTS (Presentation Tinme Stanp) that shows at what
time the audio frame data shoul d be outputted. The audio fracz eétgo

i nformation includes the 5 "nunber of frame headers" that gi EMep 00 nber
of audio franes in the present audio pack and the "first access pointer”
that gives the relative nunber of blocks between this audio franme data
information and the first byte in the first access unit (audio franme). 10
(1-2-2-2) Buffer State of the Audi o Decoder Buffer The following is an
expl anag soa @op hecebaiyest i pitharien)er nafushatcomé sbe aediinegcader
buffer when a PTS or SCR is assigned to a pack header or packet 15 header.
Fi g. 8 thReawgriaphfsboMPES tdempubbaricat at eOnf thiee Ehird desederobuffer. In
this figure, the vertical axis represents buffer occupancy and the

hori zonFab.a s tlepr deerded tveret 12@ 1THel e adhemts ofhe heoundamed secti ons
k11, k12, and kl3 in Fig. 8 represents the transfer rate of an audi o pack.
Thi s trhesvern dtlee i presersang@OPorndadhaulo b lpackng TB@Pr esgectéaeh hei ght s
of the inclined sections k11, k12, and k13 show the anobunt of audio 25
frame daf8’,t ltdte ipictamsf aryre 06 the dakb déctdere bdétar by dach audio

pack. Overall, the payl oad of each 30 24 May 2002
display order is usually a P picture, while the picture

type of the first picture data in the coding order is

always an I picture.

10 1-2-2 Data Structure of VOBs

The VOBs (Video Objects) #1, #2, #3 ... shown in
Fig. 4A are program streams under ISO/IEC 13818-1 that
are obtained by multiplexing a video stream and audio
stream. VOBs do not have a program_end code at the end.
15 Fig. 6A shows the detailed hierarchy for the
l1ogical construction of VOBs. This means that the
logical format located on the top level of Fig. 6A is
shown in more detail in the lower levels.
The video stream that is located on the top level
20 in Fig. 6A 1is shown divided into a plurality of GOPs on
the second level. These GOPs are the same as in Fig. 5,
so that the picture data in GOP units has been converted
into packs. The audio stream shown on the right of the
top level in Fig. 6A is converted into packs on the
25 third level, in the same way as in Fig. 5. The divided

picture data for a GOP unit is multiplexed with the

24



audio pack will be filled wth audio frame data, so that the height of each
of the inclined sections kll, k12, and k13 is 2,016 bytes. The respective
widths of the inclined sections 5 k11, k12, and kl 3 show t he 2f&fa¥24q02
period of one pack, while the respective start positions of the inclined
sections k11, k12, and k13 in the horizontal axis show the SCR assigned to
each pack. For the exanple of Dol by-AC3, the transfer rate 10 to the audio
decoder buffer is 384Kbps for two audio streans and 192Kbps for one audio

stream T pavbosdoai 508 ach ack L3 30 Dyt ehe suddiapayie ¢ ransfer

period for one pack is tes Thi's nmeans that the

{ransfer ol ¢ her 2a01a s SE A Qanteam: date Bdhe, pryhaadcal one

pack is conp i n around 0625 (=2nsec/ 32nmsec) tines the reproduction

per i od o yte gack. 7He, hepRed RAIdcgl coths At ¢3S § ocT odpid ons in

buf f er occupancy of the audi o decoder 20 buffer e to the outputting and

decodi ng (gfi ssuaBhaed Baudi 8) f kel datd ahollif SESPRE! Ifer d¥ esagkati on
start tinmes of audio frames represented by the audio frane data. The

poskti onghef tdesstopprRd PAbEscel) BhorAdod3 dHe t exher ilzons al aasi s show
the PTS assigned to each 25 pack. The audi o pack A31 shown in Fig. 8 stores

the 3l c2hdwe@082 audilufsame ydaiB MRdseAVDBEN0a A23nidwd Shodl d be
decoded at the presentation end tines of the audio franes f20, f21, and

f22. O these setfesl aud oFfiganméidatthetbeoketi oyhiidet idwisa #23wi sheecoded
at the 5 presentation start tinme of the audio frane f21, before

relations between the data in the data structures on
adjacent levels. From the guidelines in Fig. 64, it can

10 be seen that the VOBUs on the fifth level correspond to
the pack sequence on the fourth level and the picture
data in GOP units on the second level.

As can be seen by tracing the guidelines, each

VOBU is a unit that includes at least one GOP that has

15 picture data with a reproduction period of around 0.4 to
1.0 second, as well as audio frame data that a recording
apparatus should read from the DVD-RAM at the same time
as this picture data. The unit called a GOP is defined
under MPEG Video Standard (ISO/IEC 13818-2). Since a

20 GOP only specifies picture data, as shown on the second
level of Fig. 6A, the audio data and other data (such as
sub~-picture data and control data) that are multiplexed
with this picture data are not part of the GOP. Under
DVD-RAM standard, the expression "VOBU" is used for a

25 unit that corresponds to a GOP, and i1s the general name

for at least one GOP including picture data with a

25



the audio frame data A22 and A23 are respectively decoded at the
presentation start tinmes of the audio frames f22 and f23. O %gﬁlaégbﬁ
frames stored in the audio pack A31l, 10 the audio frame data ay e
first to be decoded. This audio franme data should be decoded at the
presentation start time of the audio frame f21, so that the audio pack A31
needs to be read fromthe DVD-R ~M by the end of the presentation period of
the audio frame 15 f20. Consequently, the audio pack A31 that includes the

audi o frapBodalcd R, pd22odansk AZBolifdliVef - t8N1SCR dd@bnghawsi athé nput
time that” precedes the presentation start tinme of the audio frane f21. 20

f1-2-2-3)qBuf berc St et f Bast hreaf degl Stipgamdhewliel] avhng pscamexpl anation
of the changes in the internal state of a decode buffer provided for video
streangjdtherei nafter, the "video buffer”) due to the assigning of the tine
stanps PTS, DTS, and SCR in pack 25 headers and packet headers. Vi deo
streans are enciitedawrbihgeméabl efcadelsd? pa24&svan@08ddiengtdckisieiho t he
| arge differences in code size between
5 a VOBU 1is recorded as it 1is as a sequence of logical

sectors on a DVD-RAM. Accordingly, the data stored in

these packs will be read from the DVD-RAM in this order.

This means that this arrangement of video packs and

audio packs is the order in which the data inside the
10 packs is read from a DVD-RAM. Each video pack has a

storage capacity of around 2KB. Since the data size of

the video stream in one VOBU can be several hundred

kilobytes, the video stream will be divided into several

hundred video packs.
15 The following is an explanation of how a

recording apparatus identifies the start of a VOBU. In

Fig. 6A, a system header hl is given, with the arrows

that extend from this system header indicating the video

packs located at the start ¢of each VOBU. This system
20 header includes a variety of parameters that are

required when decoding streams. The arrows show that a

system header is stored in the first pack in each VOBU.

These system headers act as separators between VOBUs in

the data sequence.

25

(1-2-2-1) Data Construction of the Audio Packs




the different types of pictures (I pictures, P pictures, and H pictures?
used in conpression nethods that use tinme-related correlation,, K Vjd

streans also include a 5 | arge anbunts of data, so that it iszﬁ#¥wgﬁg?t to
conplete the transfer of the picture data to be reproduced, especially the
picture data for an | picture, between the decoding tinme of the video frane
that was decoded i medi ately before and the decoding 10 start tinme of this
| picture, which is to say during the reproduction period of one video

frame. Fig. 9A i@ gkapkriien PHeVIIERN d4 aMes rant the QCWY%QI:H he
vi deo decoder buffer. In Fig. 9A the vertical axis represents the

occupancyrPhnthe dideomdSzrdeaoder Huibers. Wiseshbehorhzpngal aaxis
represents tine. This horizontal axis is split into 33nmsec séctions that

each matwhe t He rseproidieci pacReriiroda ofoBuviideacdmpse eandef ATEgck andard. By
referring to this graph, 1t can be seen that the occupancy of the video 20

decoder Hudder, changeast énehebidir ! 0a ephchiclt theadkeot arpat vedao Haediei ght
of each triangular tooth that conposes the sawtooth pattern represents the
amgunt afhatat asi padie parthef viltewi sieeeahr.eam to be reproduced in each 25
video frame. As nentioned before, the anmount of data in each video frame is
not equal, sinc&ide &0oshiowd tldelddicdyd fbym2@02>f otheactiddaaeo frane
is dynami cally assigned according to the conplexity of the franme. The

gr adi entpasfkathatr idangubiar cooet 1f i showsnt lidg r'é@Bler Pt eslobwinhénvi deo
stream The approximte 5 transfer rate of the video streamis cal cul ated
by subt Fdet i ngCt h§hewgp W idabepeickhea aadea &t rIeampPsed (e auPpak rate of
the track buffer. This transfer rate is the sane during each frame period.
During i dR¥i o8 PedkpondprAg o e Vlﬂ&l@glﬂ%ﬁarlOthgé'l Q@ nSEB§EMIA,
picture data is accunulated with a constant transfer rate. At the decode
tﬂ@e, tﬁ?%ﬁ%?ure data for the present frane is instantly outputted f=om

t he vi deo decoder, buf%@r. The r%?sog a.sa %ﬁégmgatte n.is achieved is that
the processing Frém tHe SEONSgdi® 189LRE i sc&dert et PEFTESR out put
fromthe video decpder buffer is continuously repeated. ,The OIS given to
each vi 3&GYakk sﬁg\‘ﬁs Stﬂ%?mnléeé‘fj%iﬁo‘t’ﬂelé e]dgdagg &ﬁolﬂrgl)lftﬁe out put t ed

Lo LR eI DU L, A8 Hl O, LBl o A B0 BRI B e
coslonedla fiams. WG Sl aLan I ehectied SaEThORPYfy TS
CesCOTTERt R L el G o SeROUe e BRI ALY e ey (o the

and buffer size information (shown as

"Buffer.bound.info"). The maximum rate information

shows the transfer rate to be requested of the

reproduction apparatus when inputting the data. The
20 buffer size information (shown as "Buffer.bound.info" in

Fig. 6D) shows the highest buffer size to be requested

of the reproduction apparatus when inputting the data in

the VOB.

The following is a description of the data

25 construction of each pack. Note that the data

construction of video packs is not part of the gist of
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34 24 May 2002 video decoder buffer is comenced, to the decode tine for
the picture data is called the VBV (Video Buffer Verify) delag I n aﬁgeral
the nore conplex the imge, the |arger the anmount of assigned 4 Max2 t he
l.onger 5 the VBV delay. As can be seen fromFig. 9A, the transfer of the
picture data that is decoded at the decode tine T16 starts at tine T1ll. The
transfer of picture data that is decoded at the decode tine T18, neanwhile,
starts at 10 tinme T12. The transfer of the other sets of picture data that
are decoedpaieddresinténtitn. T1XccdtdinI@Dy, anth T2t leandsaitai | arly be seen
to start before these decode tinmes. 15 (1-2-2-4) Transfer Period of Each
Set O dWbusurediien FOf. a8Blishqysckbewtirlandber erp legtrsedf picture data in
nore detail. Wen considering the situation in Fig. 9A, the transfer of the
picture data tcFbg.df@ddtbws thee ITA ¢al FEQrrel nefdsnt auski copdptét ed in
the 20 "Tf Period" between the start tine T23 of the "VBV del ay" and the
start dfoxrhBotlibgndi@3 BHbriac .nex@s psbbure idatBige 0@ ,r eprodusediicrhe
increase in the occupancy of the buffer that occurs fromthis Tf Period
orbnar dpdckdiacinde® &rpaskehaddene Boldamkely peed@r data. 25 The start
tinme of the Tf Period approximtely equates to the SCR given in the first
pack owul-fstiKeagy id 23hpEyNZOCSERRE the PP ECGiISEHNT orSCBN ke
correspondi ng picture data. The end tinme of the Tf Period approximtely
eauat ef A het BERaGdich $BrERR i} skhpacRasdt 3 LhBEREOIECN haf store
di visions of the next picture data, This 5 neans that a Tf_Period is
def i ned@HYPYREC @%ﬁ%&g@gﬁéémﬁ)%ﬁ%@ﬁmﬁgéﬁgy ?H@dpﬁcﬁ$4¥%%&ﬁyaeghnulated
in the video decoder buffer its untjl_the tine T24 at which the picture
data i $&%° b%gd@%ﬁe%.flﬁ?m?hga J a#iﬁé“ﬁzi?e?ﬂecfﬁ‘ﬂﬁ?asg%e‘g PS8 oded,

ich clears part of. the_picture data.stored, in t vi deo decoder buffer,

it hrinySPBRREsS 14t B IS bR B Y U85 ecoder butfer . vhen
consid rﬁ$g é?g gpgxg situation, it can be seen that while it is sufficient
for th = e ™5 audio frame data to start one frame in advance, the
transfer of pigt.yre dat d I I r d i of such
pi cture data. %ﬁ' 1H2$ %8? s,§¥hg ?%gﬁé¥%¢ %ﬁpﬁggtgginﬁﬁtgﬁgggu%ﬁﬂg%art
wel | bef o dio t i s;ydecqded, at 20
approx?ﬁg{g%iﬂgﬁ%‘gg%iqﬁ?ﬁééaédttf%%qgﬁ?gﬁaﬁg%n%%gﬁagé'mhen the audio
st ream g ¥ dpeMS WRAM ap §c FUHE P! @xeds b0 AMBEEsShieampaugya frame
data is nultiplexed with picture data that has a |l ater decode tifme. As a
1esul t actheyplicbupa dati BRdtaddikid 1 arendatfa dud 2o VEBHMES @deai n fact
conposed of audio frane data and picture data that will be decoded after
the audnFdsmaeidat.a. This audio frame data information includes

the following:

1. an audio_emphasis_flag showing whether
emphasis is on or off;

20 2. an audio_mute_flag showing whether an audio
mute is on or off;

3. an audio_frame number for writing a frame
number of the audio frame that is the first audio frame
in the pack in an audio frame group (GOF);

25 4. a quantization word_length showing the word

length when an audio frame sample has been quantized;
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36 24 May 2002 (1-2-2-5) Arrangenent of Video Data and Audi o Frane Data
in Each Pack Fig. 10 shows how audi o packs that store a plurality of sets
of audio frame data and video packs 5 that store a plurality &fMa¥i2603f

pi cture data may be arranged. Tn Fig. 10, audio pack A31 stores the sets of
audio frame data A21, A22, and A23 that are to be reproduced for f21, f22,
and f23. O the sets of audio frane data in the audi o pack A31l, the first
audio frame 10 data to be decoded is the audio frane data A21. Since the

dio f dat a- A2 - t [ dti f
fhe audi o frame 7202 HACA0aR 8 ThA G o Tn0e e Th BY It i428d wi th the
pi cture ?ﬁhﬁfﬁﬁbt?féﬁgggé%ﬁpsferred during the sanme period (period 15.°

10 fra :

k11l) as e au As a result, the audio pack A3l is arranged

near the video packs thalnotobe bWheysctunerdaia Mide s shounsat Lhe

bottomof Fig. 1 The audi oc—pack A32 storing the sets of audio franme data

A24, A23oARGrAA6, toakrabe rasPestibiehmpr2dargprodueed for 24, 25, and f26
shoul d be nultiplexed with the picture data V15 that is transferred at the

sang time (period kiSHammhe addige fdamerba3.cHs: acbRpilelssderpadi o pack
A32 is arranged near the video packs that store the picture data V15, as

shown atdyhemdz bdd@e et abtdindOfrdm thé! MysZ0@Zdds@-dnbk .Arrangenent
of Packs Near a"VOBU Boundar Since a VOBU is a data unit that includes one

GOP, it can be untlgrsaodHdvas YRBU laopidali €9 rater def emnidied haskd on GOP
boundaries. Wien this is the 5 case, a first problemis the anmount of audio
frame datadstroMEEG+RwvdeoVEBhdAds shows ishdwy. 1H0 Fitche aldi eagdcks t hat
store sets of audio frane data are arranged so as to be near video packs

t hat st @achi ofutPRatAudhat hass repeodared sbapents &3 ethéhpaakd olfir ane
data. 10 This means that the audio franme data that should be ir_putted into
t Rd decdietbyufler, Rutheishmma iswbastaeamP 1d erosadlia Arsmee AZIBU as

the GOP. _
information.

Fig. 7D shows the logical format of a pack
header, a packet header, and the audio frame
information.

15 The pack header shown in Fig. 7D includes a
Pack_Start_Code, an SCR (System Clock Reference), and a
Program mux rate. Of these, the SCR shows the time at
which the audio frame data in the present pack should be
inputted into the decoder buffer (hereinafter, the

20 "audio decoder buffer") provided for the audio stream.
In a VOB, the first SCR is the initial value of the STC
(System Time Clock) that is provided as a standard
feature in a decoder under MPEG standard.

As shown in Fig. 7D, the packet header includes a

25 "packet start_code prefix" that is the first code in a

packet, a "stream ID" that is set at the fixed value for
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A second problemis how to align the boundaries of sets of audio frane data
with the boundaries of VOBUs 15 since VOBUs are fundanental ly_ determ ned
based on GOPs. As stated earlier, each set of picture data iszﬁaﬁWF@Qged
using variable length encoding, so that GOPs have different sizes. Because
of this, the nunber of audio packs that will be inputted into the decoder
20 buffer at approximtely the sane tinme as the video packs for a GOP w ||
vary between VOBUs. As result, in a VOB, sone VOBUs have a payl oad for

audi o packs-whgse fs(&tz%arﬁl Z8nEoL esPNds rb@ et 4 i gerr iMebeEapb)audio
packs, while other VOBUs have a payl oad for audi o packs whose 25 total size

correspengds t$hawBoAH Rireger + ipebemofaaddico maaks. dhgrordmegu Udf ber ences In
t he nunber of audio 38 24 May 2002 packs, to align the boundaries of
VOBUs woltdhotingari es between sets of audio frane data, the arrangenent of
packs near the boundaries of video object units will differ between cases
where the total Thiezeawdidhé rpmd et & fLof omnth i packnachudespahds to an

i nt eger nunber of sets of audio frame data and a case where the total size
cobr espdndsndenr ao Aiofivianteegeeadamiser wiatseys vefs duuk ontimer daf aauliig. 11
shows how each set of audio frame data is 10 stored into each pack when the
total sifzemss tiwe phpl gakdent aadidd pavkski anal BB i s an i nteger nunber of
sets of audio frame data. The boxes drawn on the top level of Fig. 11 show
B pi ctul'ésrst_piccapss padmarpi thategivebudde irelacive-nwiles ofr eam
The second | evel shows the division of the video streamon the top |evel

i nt o unPLockis e heesant ki yeaudiohd 1R odas aofipaekBatied andwshehat

extend downward fromthe second | evel show how the data
first byte in the first access unit (audio frame).

10

(1-2-2-2) Buffer State of the Audio Decoder Buffer

The following is an explanation of the changes in
the internal state of the audio decoder buffer when a
PTS or SCR is assigned to a pack header or packet

15 header.

Fig. 8 is a graph showing the buffer state of the
audio decoder buffer. 1In this figure, the vertical axis
represents buffer occupancy and the horizontal axis
represents time.

20 The gradient of the inclined sections kll, k12,
and kl3 in Fig. B represents the transfer rate of an
audio pack. This transfer rate is the same for each
audio pack. The respective heights of the inclined
sections kll, k12, and kl3 show the amount of audio

25 frame data that 1s transferred to the audio decoder

buffer by each audio pack. Overall, the payload of each
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di vi si ons obtained by the division into payload size are 20 stored in the
vi deo packs. The exanpl e wavef orm shown on the fifth level in Fig. 11 shows
an audi o wave obtai ned by sanpling at a sanpling frequency of24¥RHZ002he
fourth I evel shows a sequence of sets of audio frane data. The sanpl ed data
25 obt ai ned through the sampling is divided into 153& (=32nsec/ (1/48kHz);
groups to form audi o access units 39 24 May 2002 (AAU). These AAUs are
encoded to produce the sets of audio frame data shown on the fourth |evel.

] i L

data is s ott | 1 nes that upward from'the fift

| evel . N’éﬁ@”ﬂéieghm% h§ﬁd%tat&fi 4 Nefiel Nalc Bxheqdsepwarsh §r et he fourth |evel

show t he storage o e sets of audio frane data into audi o packs. The
vertical ghgngion tdextopd eupleshat shows the 10 boundaries between the B
picture v15 and the | picture v16 is a boundary between GOPs. The vi deo

pack that includeget ke it ti@edatiaidosabedh@ed @l ehrdbefesfei dhks GOP
boundary is shown as the video pack P31
5 k11, k12, and k13 show the transfer period of one pack,
while the respective start positions of the inclined
sections kll, k12, and k13 in the horizontal axis show
the SCR assigned to each pack.
For the example of Dolby-AC3, the transfer rate
10 to the audio decoder buffer is 384Kbps for two audio
streams and 192Kbps for one audio stream. The payload
size of each pack is 2,016 bytes, so that the transfer
period for one pack is 2msec (=2,016 bytes*8/8Mbps).
This means that the transfer of the 2,016 bytes of audio
15 frame data in the payload of one pack is completed in
around 0.0625 (=2msec/32msec) times the reproduction
period of the pack.
The stepped parts dl, d2, and d3 show the
reductions in buffer occupancy of the audio decoder
20 buffer due to the outputting and decoding of accumulated
audio frame data at the respective presentation start
times of audio frames represented by the audio frame
data. The positions of the stepped parts dl, d2, and d3
in the horizontal axis show the PTS assigned to each
25 pack.

The audio pack A3l shown in Fig. 8 stores the
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The audi o pack P32 |ocated i nmedi ately before 15 this video pack P31 is

i ndicated by the arrows that extend fromthe sets of audio fr@gpﬁdgé y-1,
y-2, and the latter part of y-3, showing that this pack store ¢ ets
of audio frane data. Meanwhile, the audio pack P35 that is |ocated before
this audio pack P32 is 2C indicated by the arrows that extend fromthe sets
of audio frane data y-5, y-4, and the forner part of y-3, showing that this
pack stores these sets of audio frame data. Fig. 12 shows how sets of audio
frame dagdadace 2%ameodeda RilachApdck asibrAt Bethattal skduédotoa he payl oad
for audi o packs included in a VOBU does not correspond 40 24 May 2002 to
an i nt egdecadeiseratof thet prefsenid biprnamndiat aneshe it ophé ediand second
level in Fig. 12 are the 5 10 15 20 sanme as in Fig. 11. The third |evel
differs frameshdi2@n F24., [And nfZRat Ode tHheise padle M8 aydiecdimane

imedi ately after the video pack P31. The correspondence between the sets
of audi diéﬂ%:érrretd‘ﬁ 23H6Rn fernnedabar AR Y evel daR@cssti@egliénce shown on
the third level is also different fromthat shown in Fig, 11. The audio
paék R%P¥ﬁ§?n¢§q%ﬁ%l%Haﬁ@ﬂ&ﬁ%ﬁeP§ Eéforad ¢ hes fFiddes hatk Psfqze

i ndi cated by the arrows tggt extfgd fron1p£e sets of audjo franme data :~-3,
x-2, and-}RedPGiferi TaPE GR08 AZehdRFngdhALEhFESRRIE SYBL¥s these sets
of audi o, frame data._Meanwhile, the audio pack,P33 that is |ocated

| medi aldFGOaPEeR Y A PABS FHATFRR FL AT ChPES B (Hes arPoMs ¢ hat
extend f on1the£12$ter p?ég of the set of audio frame data x-1, show ng
that thi %ﬁ%ﬁ @ é%nqh audio frane data. Since only the latter part of

the audio frane ta.x-1 1s stpred, an .ar in_th ayl gad of th dio
pack P33 is et Chniaeasur § i FFEfes SRl N’ M ¥od 20 Badhna  Sheker
P Is '1{!% ré@ﬂi'g”tfi’rérﬁé 84di0 PACK; £33 SIFEs L Nl Bl e PRGL g0 the audio
frame data x-

This audio frame data should be decoded at the

presentation start time of the audio frame £21, so that

the audio pack A3l needs toc be read from the DVD-RAM by

the end of the presentation period of the audio frame

15 £20. Consequently, the audio pack A3l that includes the
audio frame data A21l, A22, and A23 is given an SCR that

shows an input time that precedes the presentation start

time of the audio frame f21.

20 (1-2-2~3) Buffer State for the Video Stream

The following is an explanation of the changes in
the internal state of a decode buffer provided for video
streams (hereinafter, the "video buffer”) due to the
assigning of the time stamps PTS, DTS, and SCR in pack

25 headers and packet headers.

Video streams are encoded with wvariable code
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and the paddi ng packet are arranged into the audi o pack P33, the boundary
of the VOBUs matches the boundaries between. the sets of audio frane data.
41 24 May 2002 In this way, it is ensured that the boundari?sMay 208BUs
mat ch a boundary between the sets of audio frane data, regardl ess of

whet her the total payl oad size of the audi o packs included in the VOBUs
corresponds to an 5 integer nunber of sets of audio frame data or a non
integer nunber. This nmeans that if partial delete operations are perforned

with a \i%gﬁ e smel LRat 1%@&% g&%?f‘é'ljetrﬁésdi‘hacgﬁ boupdayy het yeen

t he del eted”data and the remain ata w mat ch undary 10 between

sets of i @ brae fiat ypel 2291 dbus@lLcli 05 ebybeal Cab potirdiased on

Free Size of Audio Packs”For the ‘exanple shown in Fig. 12, a padding 15

packet BRlqis pRgenfed | nhecdhe resmahea d b NRePadls tH194ghydependi ng on
the size of the free area in the payl oad, a paddi ng packet P51 nmay be

i nserted jinéorbhatRatkzoPrelt¥ffdy Dyt ee Ty beamBsentss iAEQUdRe packet
header. Figs. 13A and 13B respectively show exanpl es of 20 packs where a

paddi ng 1packet apathndtdf b Fnaakul,essbavpabean inseqt edidien £he renaining
area in a pack is between one to seven bytes in size, stuffing bytes are
inserte¢ddmpDete the transfer of the picture data to be
reproduced, especially the picture data for an I
picture, between the decoding time of the video frame
that was decoded immediately before and the decoding
10 start time of this I picture, which is to say during the
reproduction period of one video frame.

Fig. 9A 1s a graph showing video frames and the
occupancy of the video decoder buffer. In Fig. 94, the
vertical axis represents the occupancy of the video

15 decoder buffer, while the horizontal axis represents
time. This horizontal axis is split into 33msec
sections that each match the reproduction period of a
video frame under NTSC standard. By referring to this
graph, it can be seen that the occupancy of the video

20 decoder buffer changes over time to exhibit a sawtooth
pattern.

The height of each triangular tooth that composes
the sawtooth pattern represents the amount of data in
the part of the video stream to be reproduced in each

25 video frame. As mentioned before, the amount of data in

each video frame is not equal, since the amount of code
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the packet header, as shown in Fig. 13A. However, when 25 the remaining
area in the pack is at |east eight bytes in size, a padding packet is
inserted into the pack 42 24 May 2002 al ongsi de the audio May 2002
shown in Fig. 13B. The inserted paddi ng packet has a uni que header. A

denul tipl exer provided in a recording apparatus to separate the nultipl exed
video and audio data refers to 5 this header and discards the data fromthe
header onwards as invalid data. This neans that invalid data is not

accuwlpédﬁdeaeht ke i erdgeodey dyhhRE cahen, a; paddiniy p@@&ekdﬁﬂ gvi ded

in an audi o pack, with this data nerely filling thé free area in

payl oad.o 19n& 1odnpQareosit ben tofe tHeaMERW Managenent File The followi ng is
a description of the conposition of the RTRWnanagenent file. The content

of the RTRW namagengphdien® h dgchoudhl inguvhded datle shewdORHS table
and the PGC table. A VOB is a physical unit for indicating the MPEG stream

r ecor ded-aiis paroptitealo fli e @iddw othemrhandthe EEpAdXias8e Chain) is a
| ogical unit that indicates an arrangenent of all or only sonme of the data
disvi si gnmrifar VOBt PER teti ne b repreductivncsequeraesd by Fig. 14, nore
than four sets of PGC information nunbered PGC i nformation #l, PGC

i nf or matibor #2% 1 RGC tihd cowapiian X e REC ikchicoraedi ons#t4ean Aremprésent for
the three VOBs, VOB #~, VOB #2, and VOB #3. This shows that four or nore
PGCs camtpit25ravegi odl Iyheletraedk fauffaree OBss t haangsiiesi cahtg ewist. Fig.
14 shows the detailed hierarchical structure 43 24 May 2002 in which data
is stotée igamdedRTRWVITERGRNEranfd IRerThd.l ogi cal format shown on the
right of Fig. 14 is a detail ed expansion of the data shown on the left,

wi th the brokeRPunimes skeeviedsigd gopdseismendbngl £0 fonsnk chabgpera®s of the
data structure are being expanded. Fromthe data structure in Fig. 14, it
¢8n betosdh that Fifde RFRWPBAEHESMAER| &S sAwslated with a

constant transfer rate. At the decode time, the picture
data for the present frame is instantly outputted from
the video decoder buffer. The reason a sawtooth pattern
is achieved is that the processing from the storage in

15 the video decoder buffer to output from the video
decoder buffer is continuously repeated. The DTS given
to each video pack shows the time at which the video
data should be outputted from the video decoder buffer.

As shown in Fig. 9A, to maintain the image

20 quality of complicated images, larger amounts of code
need to be assigned to frames. When a larger amount of
code is assigned to a frame, this means that the pre-
storage of data in the video decoder buffer needs to be
commenced well before the decode time.

25 Normally, the period from the transfer start

time, at which the transfer of picture data into the
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L~unmber ~of VOBIs (showi ng the nunber of sets of VOB information) and VOB
information for VOB #1, VOB #2, and 10 VOB #3. This VOB information for
each VOB i ncl udes VOB general information, VOB stream i nf or metd MAY 2% a
time map table. (1-3-1) Conposition of the VOB General Information Z5 The
VOB general information includes a VOB-ID that is uniquely assigned to each
VOB in an AV file and VOB recording tine information of each VOB. The VOB
attribute information is conposed of video attribute information and audio
attribute; d@q RfRidad FoBu e Vi depoabddriduti e taf e@tdonodeciuides vi deo
conpression node information that indicates one of MPE&QR and MPEG, TV

system inbor mld Qi dhakei BEitcat£s ene 1efd NISE wBY RAL] &ECABL fasnect ratio
i nformati on showing 25 "4:3" or "16:9", video resolution infornmation

showi ng ¢d20¥480'déra i 352324 endenlt he nd deorat tontpitex4dhe 24nadry, 2002
i nformation indicates NTSC, and copyguard informati on show ng the

presencefladsencgy Nt €logyapenentddnaseiigrdd foode wrmbothapéonegemx der. The
audio attribute informati on shows the

5 the VBV delay.

As can be seen from Fig. 94, the transfer of the
picture data that is decoded at the decode time T1l6
starts at time T1ll. The transfer of picture data that
is decoded at the decode time T18, meanwhile, starts at

10 time T12. The transfer of the other sets of picture
data that are decoded at times T14, T15, T17, T19, T20,
and T21 can similarly be seen to start before these

decode times.

15 (1-2-2-4) Transfer Period of Each Set Of Picture Data

Fig. 9B shows the transfer of sets of picture

data in more detail. When considering the situation in
Fig. 9A, the transfer of the picture data to be decoded
at time T24 in Fig. 9B needs to be completed in the

20 "Tf Period" between the start time T23 of the "VBV
delay" and the start of the transfer of the next picture
data to be reproduced. The increase in the occupancy of
the buffer that occurs from this Tf_ Period onwards is
due to the transfer of the following picture data.

25 The start time of the Tf Period approximately

equates to the SCR given in the first pack out c¢f the
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5 encodi ng nmet hod that nmay be one of MPEG Dol by-AC3, or Linear-PCM the
sanpling frequency (such as 48kHz), and an audio bitrate that‘#ﬁ m&éﬁ&en as
a bitrate when a fixed bitrate is used or as the | egend " VBR'24\M8

variable bitrate is used. 10 The tinme nmap table shows the presentation
start tinme of each VOBU and the address of each VOBU relative to the start
of the AV file. (1-3-2) Conposition of the PGC Table 15 The PGC tabl e

i ncl udes a Nunber of -PGCls (showi ng the nunber of sets of PGC information)

and a plygakit ¥nak S§t§ér@f d'f@@s!ﬂiz@é MaiEl @he Ea6hreepafd N pafanmd i on
i ncl udes a Nunber of Cel show ng the nunber of Sets of cel

i nfor mtdphs . andtha s&id otlm@I lofi nd196 et e 05d 28ppadtk Grhtellach set of
cell information includes a VOB IDb aCVSPIM and a CV E PTM The VOB

IDis acplaresi eheerBERI ggvihe tislethefl farsf payBoutc|aifledhien plaftek AV
file. Wien there are a plurality of VOBs in the AV file corresponding to 25

a set ofticet | stofrer bt v 08iohli ©VGhé Dnelkeard ycshoes ddtiah oThilke VOBs
corresponds to this cell information. 45 24 May 2002 The cell start tine
C 8 S Pid4radbbt huitated f oPErVo8 HIM daftihed e tge) SCR3 ndssighieah show ng
the start of the data division that is logically indicated by this cel

i nf or matticorwidaodeai¥s. this i ndicates the

The picture data accumulated in the video decoder
buffer waits until the time T24 at which the picture
da?a is to be decoded. At the decode time T24, the

10 image A is decoded, which clears part of the picture
data stored in the video decoder buffer, and thereby
reduces the total occupancy of the video decoder buffer.

When considering the above situation, it can be
seen that while it is sufficient for the transfer of

15 audio frame data to start one frame in advance, the
transfer of picture data needs to start well before the
decode time of such picture data. In other words, the
transfer of picture data should start well before the
transfer of audio frame data that is decoded at

20 approximately the same time. Putting this another way,
when the audio stream and video stream are multiplexed
into an MPEG stream, audio frame data is multiplexed
with picture data that has a later decode time. As a
result, the picture data and audio frame data in a VOBU

25 are in fact composed of audio frame data and picture

data that will be decoded after the audio frame data.
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5 video field |located at the start of the data division. The cell end tine
CV E PTM (abbreviated to CV E PTMin the drawings) is i nforggy’ ogoﬁgow’ ng
the end of the data division that is logically indicated by thfi ¥
information. In detail, this indicates the 10 video field located at the
end of the data division.. The sets of tine information given as the cel
start time CV S PTMand the cell end time CV E PTM show the start tine
for the encoding operation. by a video encoder and the end tine for the
encodi ng (15 Zopkerat | Anramgemsen i ndifc Miedeo sBetas of i nages marked by the
user. As one exanple, when the user marks the images shown in Fig. 15, the
CV-SPTMand CV_ E-PTMir_ the 8ad Audip nErboe Datseint &agidi Back t he
mar ked video fields with a high degree of precision. 20 (1-3-2-1)
Reproducti on Usi h§dt-hd A ogfredr beiw saydosspapks fohiswistPi& an expl anati on
of the reproduction of PCCs. Fig. 16 shows how VOBs are accessed using
PGCs. Theldasetldd arebusets Ry, avdiondwame t gateornd pohdesc®3Esween t he
referring and referred-to data. The arrows y2, y4, y6, and y8 show the 46
24 Ry Z%th&tr%%%o%dgﬁélé’%%eﬁfeéﬁsdﬁ% PACRW(B dabat Rédt iR codes
included in the tinme_map.table in tge set of VOB information. The arrows
yl, y3,'@5?33ﬁ?%ﬂ's%%mgﬁﬁetﬁQTegﬁ A@eREE hebrees 1ML E i FBSc SRS i A€l uded
inthe 5 tinme n table in_the s of VOB jnfo ion and sets of cel

i nf or mat38fL° Fﬁm%uﬁﬁggeﬁﬁef uzg%?’i ﬁ&%ﬁ& i['g%t’r:ocﬁFc?iBH & one of the
PGCs. When the indicated. i GC_#2, recarding apparatus exiracts

t he cel IF(?RFS?%(EIAMP%% f§?(9ab‘§?r‘£m ﬁf@d ftté(;ja'Cel (1319 %Begl%eg§§e8 atYHeP f r ont
of PGC # xt,,. the, recordin p u ef e tg.t V file VOB

i dent i fi%?agu‘\‘%c?& egc} R A LB B AT '#l‘%tﬁSngls%etr %‘délf’héf? e AV
fide andiYOB eaf iRoneodbadd 34 Nime Cghbisld AFIRL! BB wAY. 11 k9t and VOB

the audio frame data A21 needs to be decoded at the

presentation end time of the audio frame £20, this audio
data A2l needs to be multiplexed with the picture data
V11l that is transferred during the same period (period
15 k11) as the audio frame £20. As a result, the audio
pack A3l is arranged near the video packs that store the
picture data V11, as shown at the bottom of Fig. 10.
The audio pack A32 storing the sets of audio
frame data A24, A25, and A26 that are respectively
20 reproduced for £24, £25, and £f26 should be multiplexed
with the picture data V15 that is transferred at the
same time (period k1l5) as the audio frame £23. As a
result, the audio pack A32 is arranged near the video
packs that store the picture data V15, as shown at the

25 bottom of Fig. 10.
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15 tine map table #1 being specified for this VOB. Since the address
relative to the start of the vOB and the el apsed tine are witten in the
specified time nap table #1, the recording apparatus refers t#éf Ma¥2002e nmap
table #1 using the cell start time C V-S-PTM as 20 shown by arrow yl and so
finds the VOBU in the AV file that corresponds to the cell start tine C
V-S-PTMincluded in cell information #1 and the start address of this VOBU.
Once the start address of the VOBU corresponding to the cell start time C

V_S PTMghSzkwm), z?f?r%germ d5£N% RPPATREHS %cwei@slsé{@%d*élrfs shown by
arrow May 2002

from VOBU #1 thginice idreayedsby tdusastant addiessnchiRides sbaee the cell
end time CV E PTMis included in cell information #1 along with the cel

start tgop,Ci¢ TdMet bRdeeoHr dba0 tapRArAOES befigidat e Bhe tine map
table #1 using the cell end time C V-E-PTM as shown by the dotted arrow
y3. As @etestlitned Neasecorodi rgoRPPaLaidisr Lan. fi MtheauttMhsChsV@RET n the AV
file corresponds to the cell end time C V-E-PTM included in cel

i nfor nethen,#k ahtrsanpebldigmthe ehed adtress of EudhdésfYaBd Supposi ng
that the VOBU indicated in this way is VOBU #i, the recordi ng apparatus

w || restorbke ICBWwsequéBiie ashs ashasrt hien efilgof 1ltthe dMGBUattiditchat i s
indicated by the arrow y4 in Fig. 16. By accessing the AV file via the cel
i nf or @& oks#thatd $hervOBels i vf oandtiicort gdméndahie vaye &ahe amansxt di ng
apparatus can read only the data in VOB #1 of AV file #1 that is specified
by cel IS¢ n&6r it i mearpy idgeapaalst B et betrev® ietigragdeft adat a usi ng

cell information #2 and cell information #3, the recording apparatus can
read 20chal depreRicedatedofs amet oBUS fitfet Uded RRAOB fuame data.
10 This means that the audio frame data that should be

inputted into the decoder buffer at the same time as a
GOP 1is stored in a same VOBU as the GOP.
A second problem is how to align the boundaries

of sets of audio frame data with the boundaries of VOBUs

15 since VOBUs are fundamentally determined based on GOPs.
As stated earlier, each set of picture data is
compressed using variable length encoding, so that GOPs
have different sizes. Because of this, the number of
audio packs that will be inputted into the decoder

20 buffer at approximately the same time as the video packs
for a GOP will vary between VOBUs. 2As result, in a VOE,
some VOBUs have a payload for audio packs whose total
size corresponds to an integer number of audio packs,
while other VOBUs have a payload for audio packs whose

25 total size corresponds to a non-integer number of audio

packs. Ignoring differences in the number of audio
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By perform ng reproduction based on sets of PGC information, the recording
apparatus can reproduce the data in a VOB according to the org$&6igpwhich
it is indicated by the sets of PGC information. 25 Partial re ¥&P8n of
a PGC is al so possible by having the user indicate cells that are included
in a 48 24 May 2002 PGC. Cells are parts of a VOB that are specified
using tinme information for video fields, so that the user is able to view
scenes that he/she has indicated very precisely. However, the user is not

able to gheget, o abdiggatthd hsonapuoduss i 68 vDBYdaracHi icsiraierseish as a
VOBU, that is smaller than one cell. (1-3-2-2) Partial Deletion for a PCC

The partbekwaelretsotsobfa aidB ¢ sfparfordeeta w thea alkr A0BEmasitt hef m ni num
unit. This is because each VOBU includes (a) GOP(s) in the video stream and
because phaekisourekar i ehebblomreta ¥OBES ofi Ividedi nbtegt mantchsbouridar i es
bet ween sets of audio frane data. The procedure when performng a parti al
del et i ondifAifele K&t peesega sahodhaent tine destailbed 2l o, the ey faddow ng
exanpl e, the PGC information #2 shown in Fig. 16 is conposed of the cells
#1 %o #3fowni emdiel | paekbBeiony medpendsd o an pantegle detemben. din FEYs 17,
the area that corresponds to the deleted cell is 20 shown using di agonal
shadi ng.ofAsagkidwn Wramendiatamsand 12 gapieg.wherecéihe £0taat Siiget o be
del eted indicates one of the video frames, out of the plurality of sets of
pi ct ur e GRAFESERONARJtPna non-integer number of sets of audio
frame data.
Fig. 11 shows how each set of audio frame data is
10 stored into each pack when the total size of the payload
for audio packs in a VOBU is an integer number of sets
of audio frame data.
The boxes drawn on the top level of Fig. 11 show
B pictures, P pictures, and I pictures included in the
15  video stream. The second level shows the division of
the video stream on the top level into units with the
same size as the payloads of packs. The arrows that
extend downward from the second level show how the data
divisions obtained by the division into payload size are
20 stored in the video packs.
The example waveform shown on the fifth level in
Fig. 11 shows an audio wave obtained by sampling at a
sampling frequency of 48KHz. The fourth level shows a
sequence of sets of audio frame data. The sampled data
25 obtained through the sampling is divided into 1536

(=32msec/ (1/48kHz)) groups to form audio access units
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VOBU #i +l, using the cell start time CV-S PTM As 25 shown witr.in frane
wl2, cell #2 also indicates one of the video franes, out of the plurality
of sets of 49 24 May 2002 picture data included in VOBU #j+%?M%%3982the
cell end time CV E PTM Fig. 18A shows the extents that are freed by a
partial deletion using PGC information #2. As shown on 5 the second | evel

of Fig. 18A, VOBUs #i, #i+1, and #i +2 are recorded in the extent #m and
VOBUs #j, #j=1, and #j+2 are recorded in the extent #n. As shown in Fig.
18A, celAn#?.i ndilvaseshpilat wee dahaoided udedprodua) thelsas s hef cel | start
time 10 CV S PTM and picture data included in VOBU #j +2 as the cell end

ti me CandiBTHrdie sdatanshidhvat ohetared dunnht Aevedt ent Theat VOBU #i +2
occupies to the extent that VOB #] occupies is freed to becone ar_ unused
area. Howevespdadriuierseecheswden VoBUsAmmed VdBUa#iarld otbappgels anf t he
extents that VOBU #j +1 and VOBU #j +2 occupy are not freed. Fig. i8B shows
exanpl esidiot feaveEs, dy0B il etlewnoby ade PBECtatorlieednthiter the parti al
del etion described above. Since the part corresponding 20 to the forner

cdl | #2Hnenbesp Rl EOTVGRS1E L £t howsthbos oHeam e, Rewtpei 1 of VCBU #1

and VOBU #2.
dotted lines that extend upward from the fourth level

show the storage of the sets of audio frame data into
audio packs.
The vertical line on the top level that shows the
10 bouﬁdaries between the B picture v15 and the I picture
vlie is a boundary between GOPs. The video pack that
includes the picture data located immediately before
this GOP boundary is shown as the video pack P31.
The audio pack P32 located immediately before
15 this video pack P31 is indicated by the arrows that
extend from the sets of audio frame data y-1, y-2, and
the latter part of y-3, showing that this pack stores
these sets of audio frame data. Meanwhile, the audio
pack P35 that is located before this audio pack P32 is
20 indicated by the arrows that extend from the sets of
audio frame data y-5, y-4, and the former part of v-3,
showing that this pack stores these sets of audio frame
data.
Fig. 12 shows how sets of audio frame data are
25 stored in each pack when the total size of the payload

for audio packs included in a VOBU does not correspond
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The VOB information for VOB #1 is divided into VOB informati on #1 and VOB
information #2. The tine map tables that are included in these sets of VOB
25 information are divided into tine map table #1 and tine na%4PE%@QO%2. 50
24 May 2002 Figs. 19A and 19B show VOBU #i +1 and VOBU #i +2 before and after
the partial deletion described above. O these, Fig. 19A shows the state
before the partial deletion and has the sanme content as Fig. 11. In Fig. 5
19B, the data from VOBU #i +2 onwards has been del eted. Since the boundary

bet ween VOBW#ijtl andr VRBHIHE 2 Fatehed dhea baupdaaet waea .t he sets of
audio frame data y-1 and y, the partial deletion of data from VOHU #i +2

onwards results tRet Reraudiee{rame dacong tevaudionlPiframe date ¥hk being
| eft and the audio frane data fromaudio frane data y onwards being

del et ed. s&h@s as2GA angdg20B 1S ~—~ie VEBYU 4 lasvdlVEBY fernd bebar erand after
the partial deletion described above. O these, Fig. 20A shows the state
before tiwe pagti dl lbndeheatti ahansubdas tdar-lsap®3cadint drdcasellig. 12. In Fig.

20B, the data up to VOBU #] has been del eted. Since the boundary between
VOB #] andedOBY e y+1a freat cied théebopadds yPBEL weling he sets of audio
frame data x-1 and x, the partial deletion of data up to VOBU #] results in
20 the awrpetpamsatata bptweeaudibef sams daf aawdlobdimmneletieted and t he
audio frame data fromaudio frame data x onwards being left. SInCe the
boundar i sowrt weert NéOBUsu i i athel bandd@ads pegueacssaizowh auditdid r ame
data, it can be 25 seen that partial deletes that are perforned in VOBU
units haelind devgdr ot £éa0 g e yepsr s athet ehiosm iR4FNay 2002
audi o fH%PE data on the optical disc.
10 The audio pack P32 that is located immediately

before this video pack P31 is indicated by the arrows

that extend from the sets of audio frame data x-3, x-2,

and the former part of x-1, showing that this pack

stores these sets of audio frame data. Meanwhile, the
15 audio pack P33 that is located immediately after this

video pack P31 is indicated by the arrows that extend

from the latter part of the set of audio frame data x-1,

showing that this pack stores this audio frame data.

Since only the latter part of the audio frame data x-1
20 is stored, an area in the paylocad of the audio pack P33

is left unused. To fill this remaining area, the

padding packet P51 is inserted into the audio pack P33.

Since the latter part of the audio frame data x-1
and the padding packet are arranged into the audio pack

25 P33, the boundary of the VOBUs matches the boundaries

between the sets of audio frame data.
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(2-1) System Construction of the Recordi ng Apparatus The recording
apparatus of the present enbodinent 5 10 15 20 25 has functioggy% th a
DVD- RAM r epr oducti on apparatus and a DVD-Rr' 1M recordi ng appa y 20 g. 21
shows an exanple of the system construction that includes the recording
apparatus of the present enbodinment. As shown in Fig. 21, this system
i ncludes a recording apparatus (hereinafter DVD recorder 70), a renote
controller 71, a TV nonitor 72 that is connected to the DVD recorder 70,
and an antenna 7Bn The DWW yecotders Enssrednddiaedths dadevdzeiee b€ used
in place of a conventional video tape recorder for the recordi ng of
t el evi si6DBHsoaddasit sa botralay fleat wees ediei agtfsunet | @ndioFifgrar®d shows a
system where the DVD recorder 70 is used as a donestic video appliance. The
DVD- RAL~datlescmdgair@bessTefl svhaedeby thiee DVDadeperderad0sage el recor di ng
medi um for recording tel evision broadcasts. Wen a DVD-RAMis | oaded into
t he DVD theoddiaracke Dupluteddér rheaoppesserrespendsi gimalakecei ved
via the antenna 73 or a conventional NTSC signal and records the result
ont® t hel MVEORAMBEREBs O LTIRe VP £ edbfd® FORBEsEadet oPPr 8s868t he vi deo
streans and audi o streans included in the VOHs recorded on_a DVD- RAM and
out put s %Ih’é998§ulrtq%e}&rdegh§15gﬁ%¢afé§ KRSE spf Paxtwdl 2@82e§egnal and
audi o signal to the TV nonitor & ﬁ% Har dwar e Cbnstructi n of the DVD
Recor derPH®Tr &F 4o q%eapSch’;@l? g 4 sﬁ’ovy% t A8 AlRvRReLl5eSdnst ructi on
of the D rec rrder 70. The D record 70, 1 ncl $,& cont trol, ynit an
VPEG ondifiet ESBLE dirltt aBeoStn (-3¢ AU ebbaer s Bit! ded S ta
contr a bus. 7 te control signa

P;Séﬁf?!.cﬂaqa””'t P SRR Saiol St 8 wikg BAee s BRSO i nes
Hfb ZZS%EW%en sets of audio frame data.

(1-2-2-6-1) Selection of Logical Format

Based on Free Size of Audio Packs

For the example shown in Fig. 12, a padding
15 packet P51 is inserted into the free area in the pack,
though depending on the size of the free area in the
payload, a padding packet P51 may be inserted into the
pack, or stuffing bytes may be inserted into the packet
header. Figs. 13A and 13B respectively show examples of
20 packs where a padding packet and stuffing bytes have
been inserted.

When the remaining area in a pack is between one
to seven bytes in size, stuffing bytes are inserted into
the packet header, as shown in Fig. 13A. However, when

25 the remaining area in the pack is at least eight bytes

in size, a padding packet is inserted into the pack
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t he physical connections that are achieved by the circuit wiring inside the
DVD recorder 70. The broken |ines, neanwhile, show the Iogica% @Pnaﬁééions
that 25 indicate the input and output of various kinds of dat ¢ Yay
connections shown with the solid lines during a video editing operation.
The control unit 1 is the host-side control unit that includes the CPU la,
the processor bus |Ib, the bus 20 interface Ic, the main storage Id, and the
ROM | e. By executing prograns stored in the ROM le, the control unit 1
records abdngeprdsiucke ¥OBR.o TheckREG erxosieow’d dperidgs asH.ol ITws. Wien
the receiver 9 receives an NTSC signal via the antenna 73, 25 or when a

vi deo sipgnakrdaddpupiddibhy pavkest hasviddemtaoer hasxdeecei ded via the video
input termnals at the 53 24 May 2002 back of the DVD recorder 70, the
MPEG encdemnl? ignicedes phewEBRisignal macardengsiagre ravupr tduce VOBs. The
MPEG encoder 2 then outputs these VOBs to the disc access unit 3 via the
bus 7. 5s@herditsc tireemuliminlsxédciides and agkdiuf fdat 3arede rECCE O
processing unit 3b, and a drive nechanism 3c for a DVD-RAM and accesses

t hed DVD-RAMBI hegctar dande ddisdr xdat bk dattahel comt tdle umader

onwards as invalid data. This means that invalid data
is not accumulated in the audio decoder buffer when a
padding packet is provided in an audio pack, with this
data merely filling the free area in the payload.

10

(1-3) Composition of the RTRW Management File

The following is a description of the composition
of the RTRW management file. The content of the RTRW
management file can be roughly divided into the VOB

15 table and the PGC table. A VOB is a physical unit for
indicating the MPEG stream recorded on an optical disc.
On the other hand, a PGC (Program Chain) is & logical
unit that indicates an arrangement of all or only some
of the data divisions in a VOB. PGCs define

20 reproduction sequences. In Fig. 14, more than four sets
of PGC information numbered PGC information #1, PGC
information #2, PGC information #3, PGC information #4

are present for the three VOBs, VOB #1, VOB #2, and

VOB #3. This shows that four or more PGCs can be

25 logically defined for three VOBs that physically exist.

Fig. 14 shows the detailed hierarchical structure
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In nmore detail, when the control unit 1 gives an 10 indication for
recordi ng on the DVD-RAM and the VOHs encoded by the MPEG encgder 2 have
been successively outputted as shown by the broken line (1), £ M2y 2002
access unit 3 stores the received VOBs in the track buffer 3a. After the
ECC processing unit 3b perfornms 15 ECC processing, the disc access unit 3
controls the drive nechanism 3c to successively record these VOBs ont o the
DVD-RP.M. On the other hand, when the control unit 1 indicates a data read
froma DVD-PAWMCH hes €k S§ saGeesse 201 HNich a3 @ORHT flahdd@ndht Ve imRchani sm 3c
to successively read VOBs fromthe DVD-RAM After the ECC processing unit
3b perfori® EGgiRi0cess§-RAOHARSeoMBhe thegHESG RGCRSS UAI tig3 Stores the
result in the track buffer 3a. The drive mechani sm 3c nentioned here

i ncl udeder 2b1 pliatd:a5a h 9k osetdf neghé haaB¥D-SHdnacspidih el @8t or wiath cl anpi ng
and rotating the DVD-RAM an optical pickup for 54 24 May 2002 reading a
si gnal fgroen bhe YD RAME sase ran gt 88t gt ifds 11 hesoptd calapi EkupnhiReadi ng
and witing operations are achieved by controlling these conponents of the
drivve mecdwnssof3chal ddoagls tsucht cost aale doesngoexfoamaeacrt 5 of the gi st
of the present invention. Since this can be achi eved using well-known

met hods, no furtfeomexpleamtttansarbicthergi ¥venFiig t hi4, speciclarcdte on. The
MPEG decoder 4 operates as follows. Wien VOBs that have been read fromthe
DVD- RAMS®en hehdits e REBEsmandgeBente fovtpuinedugeswwn by the broken
line (2), the MPEG decoder 4 decodes these VOBs to obtain unconpressed

di gi t al Numledr daifa VARE ain (80diWe- 153 ghlae. NRMPaPESE déeddero ¥OBput s t he
unconpressed digital video data to the video_signal processing unit 5 and
15 .' odtflesmeRdodudiangi YRB it ereatyofpriebr VOB, #ihe WOBeb2si giedl
processing unit 5 converts the imge data outputted 'try the MPEG decoder 4
i 18 o aV\Qg%e#ﬁsi giais of OBhé R it t8R I2r GRFBCH¥PE Ag Gk apRecYCOfata from
out side, the video signal, processing unit 5 20 converts th raphi cs data
TNt o anCISRRER i RO SRR bBRY oD oF BRARTHRETAG 100 e ARG FAME | nage
signal w_th t%ﬁ video signal. The renote control signal reception unit 8
recei veS'&P re?BLE -control l er signal and informs the

(1-3-1) Composition o0f the VOB General Information

15 The VOB general information includes a VOB-ID
that is uniquely assigned to each VOB in an AV file and
VOB recording time information of each VOB.

The VOB attribute information is composed of

video attribute information and audio attribute
20 information.

The videc attribute information includes video
compression mode information that indicates one of MPEG2
and MPEGl, TV system information that indicates one of
NTSC and PAL/SECAM, aspect ratio information showing

25 "4:3" or "16:9", video resolution information showing

"720x480" or "352x240" when the video attribute
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?5 control unit 1 of the key code in the signal so that the control unit 1
can performcontrol in accordance with 55 24 May 2002 user gg§k§ti§ s of
the renote controller 71. (2-2-1) Internal Construction of th @%BAcoder
2 Fig. 23Ais a block diagramshow ng the 5 construction of the MPEG
encoder 2. As shown in Fig. 23A, the MFEG encoder 2 is conposed of a video
encoder 2a, a video encoding buffer 2b for storing the output of the video
encoder 2a, an audi o encoder 2c, an audi o encodi ng buffer 2d, a system
encoder iA€ofraratitbhi pheXices: d9 NheCencoitdcypggaastd eamformatel andeo
encodi ng buffer 2b and the encoded audio streamin the audi o encodi ng
buf f er gdowamSTC1¢ SpseemriiewalCienke wil tc@pyf prregamet adbinng arhierol
synchroni zation clock of the MPEG encoder 2, and the encoder control unit
2g for font moltidepw andpes negragiiay .t hese conmponents of the MPEG encoder 2.
O these, the audi o encoder 2c encodes audio information that is inputted
from out si de t oTgenenatie aaptuiblittey vifesngtaforausiiowsr &dke data ' chat are
the mninumdata unit that can be independently decoded. The audi o encodi ng
205 buf fencedistomsthnd phatalmay be oo of Mé&ﬁo fRaHRYdACa rertdded by

t he audi o encoder 2c in the order in which they were generated. (2-2-2)

| nt er nal iweasAE i ohnef SEFP ISy eAFBACGIETY 26585hFias 48RHZHowR R Ghe
~.nternai construction of the system encoder 2e. As shown hn Fig. 23B, the

syst em&B 2Us4 VERA bPBbeeibGder 2eVFhtitfde P An? alditdF HaekFR§ Ui t 15, a
virtual _decader, buffer 16, a virtual esentatign, tje, counting unit 17, a
vi deo p%%’ﬁ?ﬁg fita gy, 15 S aﬁrdﬁﬁogéﬁ @Lﬁq%? 19,R)Bgﬁd ‘éﬁepmaerl eavi ng
unit 20._The ﬁudio_é gackLng unié 15 converts the sets of audio frane data
stored YAT +ABL&uR T EALBdiTg Bitfer 2d into packs. The virtual decoder

At o fram datar b et FREE STBUR of P TRE S tar LT sart At on iozf

. . . y . . L SCR

PTS bassinothe /horYBh Fa0 or 51 3R sr S K crechr VL Ehaas ek ng
unit 1 ODNET L§ HH?<¥fd§Beg§§ﬁ1§f§é?d in the video encoding buffer 2b into

packs. e virtual decoder fer sinmul ates the 15, buffer state when
t he packs that store the sets of video

(1-3-2) Composition of the PGC Table

15 The PGC table includes a Number_ of PGCIs (showing
the number of sets of PGC information) and a plurality
of sets of PGC information. Each set of PGC information
includes a Number of Cellls, showing the number of sets
of cell information, and a set of cell information for

20 each cell. Each set of cell information includes a
VOB_ID, a C_V_S PTM, and a C_V_E_PTM.

The VOB_ID is a column for entering the
identifier of a VOB included in the AV £file. When there
are a plurality of VOBs in the AV file corresponding to

25 a set of cell information, this VOB ID clearly shows

which of the VOBs corresponds to this cell information.
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data are inputted into a buffer. The interleaving unit 20 generates VOBs by
arrangi ng the video packs and audi o packs in accordance with the SCR and
PTS assigned to the video packs and audi o packs. In the preseﬁf“@Wﬁ%@?nent,
20 the conversion of the audio franme data into packs by the audi o packing
unit 15 is the main focus, so that this is explained in detail. No detailed
description of the generation of video packs by the video packing unit 18
wi ||l be given. 25 57 24 May 2002 (2-2-2-1) Buffer Control by the Audio
Packi ng Unit | 5ndecaudi atzacki hgmenid V15 eRTHMadtabmreaimtietd afo dat a

equi val ent to the payl oad size fromthe encoded audio frane data
accumulatedsi ATMhd rauth® dpeadinys b baf ferf ddnafThenawdiaw pagkichg unit 15

t hen generates a pack that stores the extracted data in its payl oad, and
out put sttdet gefietateedpagkdiiy itieorsyshem erscddeyifel I'thisngeaetatd on of a
pack invol ves the arrangenent of data into a payload and the cal cul ati on ef
the inpyt WOisi meldf imferpackaomt o An dedisd decobés Bufdecat&¥hethe
calculation of the input tine of a pack into the audi o decoder buffer is
per f or vidla® fhatld Howatedr ast athe o3tahe afditheedsder dbiifieiosan be
efficiently controlled. In the nodel of a reproduction apparatus 15 under
DVD standard, e eebtyeddpdding ©of Vi e B 6abbseierabedlf 6P is a nere
4KB, which equates to only twi ce the data size of the_ audio packs used as
tre unft ?%aépn§331é#§WDVEﬁQM%SAén§oﬁﬂﬂﬁ%?ntﬁ@ﬂyﬁ%gatF?sk of an

overflow occurring in the audio decoder 20 _buffer_|f there are no
restri &% r%@ﬁr@%ﬁft@kyiﬁbep-ﬁ%ﬁ% of AC0EIF 3+ hie LoLIL D CEhBYnunber  of

e, e L LBAOTTIsl Phct | 0 CFER b ulTHEY el ARG TDSIEE cace can
20t he VARt HEB et Q5 TEY . & Tl o tSesOhn LI TSP Trehudi o 56 24
May 2002 deCOd%Eénggég'of time information given as the cell

start time C_V_S PTM and the cell end time C_V_E PTM

show the start time for the encoding operation by a

video encoder and the end time for the encoding
15 operation, and so indicate a series of images marked by

the user. As one example, when the user marks the

images shown in Fig. 15, the C_V_ S5 PTM and C_V_E PTM in

the cell information are set to indicate the marked

video fields with a high degree of precision.

20
(1-3-2-1) Reproduction Using the Logical Units (PGCs)
The following is an explanation of the
reproduction of PGCs. Fig. 16 shows how VOBs are
accessed using PGCs. The dotted arrows in Fig. 16 show
25 the correspondence between the referring and referred-to

data. The arrows y2, y4, y6, and y8 show the
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—To avoid underflows and overflows, the audio packing unit 15 uses the
virtual decoder buffer 16 to simulate increases in the occugq fjo2t he
system 5 encoder 2e of a decoder when packs are inputted an ecreases in
-the occupancy as tinme passes. By doing so, the audio packing unit 15
calculates input tines for audi o packs so that no underflows or overfl ows
occur in the audi o decoder buffer. By giving packs SCRs that 10 show i nput
times calculated in this way, the audi o packing unitaclrgteggurgsﬂ]}egat
overfl ows_an iJele Q4 2 @ECVDRIUN irhea au@bo odef BdHfer. when
doi ng sco?rfﬁgpégl | org%)g\(l:\éie%euer{int i 5 nust not assign an SCR to an audi o pack

that cor 0 t SGRrofe a Mhdemads tramke Io shsureethPs Nafbens, the
audi o p%%(g?%gqg%]’t&cgﬁi nforns the video packing unit 18 0~ the SCRs that

have al Aassi grad stra-pasksl, ayd t hed vi dae Pack$MYVURE 18 assi gns
SCRs toflgf?gégl%gcgl&s that do not correspond to the SCRs of audio packs. 20

The si n&%?%%@g@(dér‘@@e%@t@;e@coﬂl@e hiffeercade agingd U9t ual d&oder buffer
16 is perfo by graphing the buffer state shown in Fig. 8 in the.virtual
degoder,. butf giz ol 62wl &hithe itd nee teasuNEB biyn £ AETATIUAI BfeS&Ht%ation tine
counting unit 17 as the horizontal 25 axis. The audi o packing unit 15 has
the virtyah 5% foRdadbyn2002 presentation time counting unit 17 start to
nmeasure time. Wien the first pack accumul ated in the audio %‘{@ﬁlefogu”er
16 has been st opegei,n suEpdsesthsadices hendidicd SacktRECING i NCreases

t he buffer occupancy 5 by the data anount for this, firs agk a | ots an
inclir_gflepart flos PEEst.i miVtmastihéd llﬁ‘s?“t%t%?jr‘?@; e%%lrgit a?i’oﬁﬁpme

counting unit 17 based on the input bit rate t.h . The awi rtual
present aetordime sppatriet@ U tIzCLe d‘xﬂﬁi%ﬁgi ﬁ&%@%‘?égﬁ r?g and the

audi o packing unit 15 plots a stepped rt.in.t r vealy ddde the tine
neasur edabp el st eduslo gieeskeht ﬁ%i)oﬁrotclP%e%oﬁﬁt ih}%gegufup?n‘;?%rfgaches t he

presentation start time of an_audio frame. Th i ckiheg aunisi 15
repeat edPy pINgst 15tECe IR AL 1Y éﬁ@a%%‘ﬁgagle?eégé)rtggi gn equi valent to

the payl oad of a pack appears in the, audi e feke1storgs, the audi o
frame dana é/&&lnhﬁﬁﬂédﬁo%?lf h%nﬁgﬂfj&deﬁtpbd?plg %%ﬁar% into the next pack

and gives the pack an SCR show e ti at;ophado P BbonBy rigepeat i ng 20
this pr @@@d@%,f%ﬁgsaﬁaot packi E‘g ttJfQ'l‘té 1%Hgonverts audio frane data into

packs. g:%_izs_ Zéez}.lBlifnff%rrmqftht.éRl 232 At VEBUS1 and VOB #1, with

15 time map table #1 being specified for this VOB.
Since the address relative to the start of the

VOB and the elapsed time are written in the specified

time map table #1, the recording apparatus refers to the
time map table #1 using the cell start time C_V_S_PTM as

20 shown by arrow yl and sO finds the VOBU in the AV file

that corresponds to the cell start time C_V_S_PTM

included in cell information #1 and +he start address of

this VOBU. Once the start address of the VOBU
corresponding to the cell start time C_V_S_PTM is known,
25 the recording apparatus accesses VOB #1 as shown by

arrow y2 and starts to read the VOBU sequence starting
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and Audi o Frane Data Boundaries Match 25 In addition to performng the
sinmul ation of the buffer state as descri bed above, the audio Egﬁrigg gnit
60 24 May 2002 15 of the present enbodi nent has a character W Pt ure
in that it perfornms buffer control so that the boundaries of VOBUs match
boundari es between sets of audio frame data. This buffer control controls
the 5 audi o decoder buffer so that when the |ast (audio) pack in a VOBU has
been transferred, the audio franme data accurmul ated in the audi o decoder

buf fer wftbmcv@mBlet#l anheant ire audicafreaireoy When ssucta buf eldresd rol i s

mai nt ai ned, the boundaries between VOBUs will definitely 10 match

boundari es bet weltéarset sigfcautdhe faednke emdatikiey.C 24 Eh&! the case where

t he boundari es between sets of audio frame data match the boundaries

bet ween MOBUsdeTheln opepar tirdfopngtiza showelohe widisi thencied 115. the
buffer state of the video decoder buffer. Below this, the video pack
sequencesthat EadusesCt VeS| ATi6t refed recaidingnabpatal Baf refestutei s
shown. rr_ Fig. 24, the sets of picture data v11, v12, v13, v14, v15, and
vl & ar e Bhowh NG MR Beblgadid p3iisgoting ¢helaend falmei et Vo & BEM, v15 as
the final pack in a VOBU. The video pack p34 stores the first picture data
v16 in tde PRRVIVEBU. thepdok e urhEevwwiere VR8ed FERRslandth&di o packs
have been multiplexed is shown below this in 25 The bottom part of

Fig. 24T%eaRARN%e 2RFRHE tHFe G3ansi PRoR Y J"’giﬂghbzﬁ}}%} sfafBSf% he audio
?ﬁ?gderé¥1e gng@gggﬁgsb%gh¥ﬁepégfitgﬁg éiég 8E@Tkj%T&hgngfygegide of
in cell information #1 and can obtain the end address of
10 this VOBU. Supposing that the VOBU indicated in this
way is VOBU #i, the recording apparatus will read the
VOBU sequence as far as the end of the VOBU #i that is
indicated by the arrow y4 in Fig. 16. By accessing the
AV file via the cell information #1 and the VOB
15 information #1 in the way, the recording apparatus can
read only the data in VOB #1 of AV file #1 that is
specified by cell information #1. By repeating this
selective reading of data using cell information #2 and
cell information #3, the recording apparatus can read
20 and reproduce all of the VOBUs included in VOB #1.
By performing reproduction based on sets of PGC
information, the recording apparatus can reproduce the
data in a VOB according to the order in which it 1is
indicated by the sets of PGC information.

25 Partial reproduction of a PGC is also possible by

having the user indicate cells that are included in a
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graph is rr~arked with "x" at each boundary between sets of audio frane
data. The final video pack p31 in the nultiplexed pack 5 seqﬂgrge 26 t he
audi o pack p32 imedi ately before it. The transfer of this a p32
causes the increase in the occupancy of the audi o decoder buffer shown by
the inclined part kl. As shown by the graph at the bottomof Fig. 24, an
anount of audio frame data equal 10 to exactly four audio frames is stored
i-n the audi o decoder buffer. This shows that the VOBU boundary matches a
boundar ypbet weer lausli orér paes.s @if t fevoeherhdar drewgrec oAl gdpardirof the
audio frame data is stored in the audi o decoder buffer, the 15 boundary

bet ween OBSS itdesrmnot 1 0Bt € ra hidkdary eleisyeesoseths toftlaediusefr are dat a.
When t he boundari es do not match, the audi o packing unit 15 can have only

t he renmsml agtpartied scsetsoftlreidiloef saee et al hdarwsfteyd edesy t hat t he
boundary between VOBUs matches a boundary 20 between audio franmes. Fig. 25
shows h@rebesaddi.o ghokemgrunithdSubas as ynatheabeérmnitd ngipactlegf a set of
audio frame data transferred so that the boundary between VOBUs mat ches the
boundar yiridi aete &l or¢panduct2Pimhelt spdedra diviisgores sndht ke W deo
pack sequence below it are the same as in Fig. 24. Bel ow 62 24 May 2002
this, tHORYdebhpack p3amaideess tmnfonal osilcture data vl5 as the final
pack in a GOP with the audi o pack p32 i mMmedi ately before it, as in Fig. 24.
The transfer of this audio pack p32 causes the increase in the occupancy 5
of the audro decoder buffer shown by the inclined part kl, as in Fig. 24.
However : Ztan & t. k132~ the graph in Fig. 25
differs in that the audi 0 deco buffer_stores audio f ata for four

frames and one Eaﬁ BRIERE a@cﬁ ‘F%%ﬁfeoéataa YOF astifg %@mﬁ di%g ¥t fre.  As
k2 th [ i t .kl the b da VOBUs
dgés noglqgfc‘g g%@uﬁd’gﬁlﬁf“%ﬁt iﬁglg& ‘set g% &&dr%‘f?e‘éﬁ%u%afﬁ \P(Sé h:nbottom

rame.; SUALIFR A2 od0R [oh 1 (HE BUTRBP GEARERCy P Cab SaRIRE by e
st epped par . k5, Ihe il résggtalafpggtga%éeié fdyyalent to the data

Si ze 0. “orne & aldi'e “décoder buffer ends

up stor | 0 ¢f is state, the

boundar?Q%H?&%%ggggE gggqgg natc %thléouﬁgggi %gﬁmeen s‘%s of audio

frame dalde s toalnleh B £8Pmi e AU o0 PATK SOt 2o iaNgete | mredi atel y
e video pacE y E

after t and I nre 5 before the video pack p34. The
?H@'to Patte $33: Séﬁb%%lltn{lé?mf engi Ble%%noi%édoiaeio’%ﬁ.t of audio frame data, so
a

In the following example, the PGC information #2
shown in Fig. 16 is composed of the cells #1 to #3, with
cell #2 being subjected to a partial deletion. In Fig.
17, the area that corresponds to the deleted cell is

20 shown using diagonal shading.

As shown within frame wll in Fig. 17, cell #2
that i1s to be deleted indicates one of the video frames,
out of the plurality of sets of picture data included in
VOBU #i+1, using the cell start time C_V_S PTM. As

25 shown within frame wl2, cell #2 also indicates one of

the video frames, out of the plurality of sets of
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63 24 May 2002 by inputting this audio pack p33, the inclined part k3 is
produced in the graph at the bottomof Fig. 25. As a result, %Egmﬁ%héfr
occupancy of the audi o decoder buffer increases to the |evel k4
that represents an 5 anount of audio frane data that is exactly equal to
four sets of audio frane data. This shows that the boundary of VOBUs

mat ches a boundary between sets of audio frame data. Notification of the
final video pack in a VCBU is 10 unexpectedly sent fromthe video packing
unit 18piAstwareesdaltta irheladddo ipackOBy #nittl ,150$sangt ahsuduehlyeadr ange t he
remai ning part of the audio franme data as descri bed above. It should be
especi altliynenof ed_ Eh&TM he size of 15 the audi o decoder buffer is only 4KB,
so that there can be many cases where the transfer of an audi o pack at the
end of a VOBU, $lch. at8Ahshommnstiire ektaudi® phdL' 2ys8ifresdh®ypriecedi ng
exanple, will not be possible. One exanple of this is the case where 4KB of
audi o f pams 20l dded eitsian ovedngn BHe budpsngatiombutfer Afersh®¥lgRNt he
final set of audio frame data has only been partly stored. Since the

caPaci t $hef seeonddile ik odEr FBaf.f &81{5 YRBUswHikh #4+3.,33nd #{2896

bytes/ 768 bytes) tinmes the data size of the audio frane data, it can be
seen 252Katre PP Edpehrids e 8xXREAG rtlegefNRUNMRBUdf #det #1611 auding frame
data. 64 24 May 2002 Fig. 26A shows the state where 4KB of audio frane
dat a i s¥Jt'or REEnTERE o deEBfeC AP er "Dt-hough the final set of audio

i doo pack 5 pabs Ter) 45 ROG iyl BBd ick HROACORSS RASCLRE andio
T vor BPER B1ORBHER MoG CHAY ASScerte (1B G nudk 0o habh 532 | ndi cat e t he
200 o phel 532 A RoR S0 T8 U e THAraRFoddb T7Bh RE PO b Th ot the

Poundar §-Bo ah SETS” o1 et oe 1y ama el & CAET T 5. L5 SHET i 1787 ence

Wi th Figne2% 184 e Lhat tRespulies aecupancy ab the nokokok? dis.d, 096

bytes. Since ytes audio frame data are ady stored 1n the

audi o deeadery butEgps b ansfer-0h the rudbRerack B34 Lhesaudi o decoder
buffer in thé sane way as in Fig. 25 wll cause an overflow in the ?0 audio
decoderyBykhRr, the extents that VOBU #i and VOBU #i+l occupy
15 and the extents that VORU #3j+1 and VOBU #j+2 occupy are
not freed.
Fig. 18B shows examples of the VOB, VOB
information, and PGC information after the partial
deletion described above. Since the part corresponding
20 to the former cell #2 has been deleted, VOB #1 is now
composed of the new pair of VOBU #1 and VOBU #2.
The VOB information for VOB #1 is divided into
VOB information #1 and VOB information #2. The time map
tables that are included in these sets of VOB

25 information are divided into time map table #1 and time

map table #2.
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In this case, it is inpossible to input the remaining part of ~.he audio
frame data in audio pack P33 into the audi o decoder buffer, so that the
boundary between VOBUs does not match the boundary between setsMay28982 qudi o
frame data. Buffer control is performed by the audi o packing 65 24 May
2002 5 10 unit 15 so as to particularly avoid the situation described above
where the audi o decoder buffer is conpletely filled with audio frane data.
In detail, the audio packing unit 15 has a buffer state mmintai ned where

t he predeterm neflgdat 4 Sayroumnd BS8' showefOBY #he lupped VOBU #0+2t he anount
of data in the audi o decoder buffer. Fig. 26B shows the transition in the
buf f er ¢ &b eewkerd tdft arouhte gdariatali detlrest oni dedemnideedbabbere i s
subjected to the upper |limt BSa' and buffer control is performed so that
t he antuht tbésacclng at e8Adatowh the audite deeddee hifd epadobeés lnot exceed
BSa'. The rules for the determ nation of this upper 15 20 limt BSa' depend
on the ddlptrichmarstdhdy the awntleconndnthexre Fsgno ldspecial Fydf.avor abl e
met hod for their establishment. In the present enbodinment, BSa is set as
t e vall@Bf othe igthef BgUalViCBY bl by, OWwvernsls Headabgssl A= betems audio
frame i s represented by "Aaudio". Br = g 4KB % Aaudio ) HSa' - 4KH - Br
( Equat iS9i@e 1FheEhPatn@nr Y- Pptkiaae VOBUr dgridsednd ¥ ctit€ion that finds
a remai nder. The use of the above equation nmeans that the 25 upper limt for
the anB@fiChedding RPHRA2EYdRS e eENBuESS i QT ag Uit geFa®tl ti pl e of
the size of the data in 66

data y—? and y, the partial deletion of data from VOBU

#1+2 onwards results in the audioc frame data up to audio
10 frame data y-1 being left and the audio frame data from

audio frame data y onwards being deleted.

Figs. 20A and 20B show VOBU #3j and VOBU #j+1

before and after the partial deletion described above.

Of these, Fig. 20A shows the state before the partial
15 deletion and has the same content as Fig. 12. In Fig.

20B, the data up to VOBU #3j has been deleted. Since the

boundary between VOBU #j and VOBU #j+1 matched the

boundary between the sets of audio frame data x-1 and x,

the partial deletion of data up to VORBU #3j results in
20 the audio frame data up to audio frame data x-1 being

deleted and the audio frame data from audio frame data x

onwards being left.

Since the boundaries between VOBUs match the

boundaries between sets of audio frame data, 1t can be

25 seen that partial deletes that are performed in VOBU

units have no danger of leaving only part of a set of
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24 May 2002 one audio frane. This nmeans that the anount of data accunul at ed
in the audi o decoder buffer will not exceed this predeterningf ﬁnﬁﬁﬁé BSa' .
Since the anount of accunul ated data in the audio decoder buf4eManeP92 not 5
exceed the value of BSa' found according to Equation 2 2, there will always
be enough space in the audi o decoder buffer to input the remaining data in
an audio frane. To give actual nunerical exanples, when Dol byAC3 and a
bitrate of 192Kbps are used, the value of 10 Aaudio will be 768 bytes, so
that Bguwild eam86deyesot =the02Ppthyi£s ¢ice68 bytes *5)). This means that
in Fig. 26B, the anobunt of accunulated data in the audi o decoder buffer is
subjected to an upper Iimt BSa' of 3,840 bytes. 15 Wen storing audio
frame data into a pack, the audio packing unit 15 judges whether a val ue
found bg-addiygstbe geisuhatedodatsf amivenReicodtdiengr Appealatdesoder buffer
16 to the payload size 1s no greater than the predetermned size BSa'. |If
so, the audi o paekirgr@fdiungt acpaenenat e ttitee nexe sgadk amidodssiegits an SCR
that shows the present tinme to the header. Wen the total of the
abcumuhasedwhat ol @nvuiftod rbethie =i DM RAaNM codprdrliid el on6 agmph tdeupayl oad
size is greater than the predeterm ned size BSa', the audio packing unit 15
wai t s @5df er DVie-RaNumeicaiedl dat appasiatuso bd ikduckdsbpwsheemlecodi ng of

t he next audio franme. Wen the accunulated 6~ 24 May 2002 data anount has
been s@Xx&mBilentdy FhauceE TR ERAESTWGT bPNt ﬁ@aéfccm%{‘ddéé ddt@ anmount and
t he payl oad size to be within the predetermned size BSa', the audio

packi ngeGRAFELIS RARAEEESS HRE NERE PIHECARE SESIGHINAAL SCRAS sHHWRg t he

time at that point to the header. The follow ng is a description of the
procedb® eFBY Wi th Ehé Safd - PRckPhg YT $ §5r§%ﬁHQ&%% ERE ALY S

10 (hereinafter DVD recorder 70), a remote controller 71, a

TV monitor 72 that is connected to the DVD recorder 70,
and an antenna 73. The DVD recorder 70 is conceived as
a device to be used in place of a conventional video
tape recorder for the recording of television

15 broadcasts, but also features editing functions. Fig.
21 shows a system where the DVD recorder 70 is used as a
domestic video appliance. The DVD-RAM described above
is used by the DVD recorder 70 as the recording medium
for recording television broadcasts.

20 When a DVD-RAM is loaded into the DVD recorder
70, the DVD recorder 70 compresses a video signal
received via the antenna 73 or a conventional NTSC
signal and records the result onto the DVD-RAM as VOBs.
The DVD recorder 70 also decompresses the video streams

25 and audio streams included in the VOBs reccrded on a

DVD-RAM and outputs the resulting video signal or NTSC
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of the audi o decoder buffer and generates audi o packs based on the
principles described above. Fig. 27 is a 10 flowhart that shows the
procedure by which the audio packing unit 15 generates audi o paMay 2RR2| e
simulating the state of the audi o decoder buffer. In step S1, the audio
packing unit 15 has the virtual presentation tinme counting unit 17 start to
15 count the virtual presentation tine t. In step S2, the audio pac~:ing
unit 15 extracts audio frame data of a predeterm ned size fromthe start of
the arragggnant dsshaief AudiH) feanme datwy sheheddmn 1he audi o encodi ng
buffer 2d. "The audi o packing unit 15 stores this 20 extracted audio frane
data in a pack. Based on the virtual presentation time t, the audi o packing
unit 15 assigns an SCR and PTS to generate an audi o pack. The audi o packi ng
unit 15 agldg)t hia rebyd padCeinzs mict benpadk dioe t beDaReud rdérad@unul at ed dat a
in the buffer, and 25 plots an inclined part in the virtual decoder buffer
16. In step S3, Fhe.add d paxkbbgchnididdramdgaowiidhg 2heMina 2D02rahet her
the virtual presentation time t counted by the virtual presentation tine
count i ngcamst rbgthasn refchee e presemtdaty o0 st afhet iDWD ofeawraiedi o frane.
If not, in step S4 the audio packing unit 15 determ nes whether 5 the

i nput - pod®i bheluides of aan&udilo yatk has aredfPE@acheddar het 2 idisstep S5,
t he audi o packing unit 15 judges whether the notification of the storage of
the finacegdgowpddk In anviBBGhadepedargidvers VAR IFeLFRBUIt "No" is

given in every judgenent in steps S3 to
processing unit 5, a remote controller 71, a bus 7, a

remote control signal reception unit 8, and a receiver
10 9. |
The arrows drawn with solid lines in Fig. 22 show
the physical connections that are achieved by the
Circuit wiring inside the DVD recorder 70. The broken
lines, meanwhile, show the logical connections that
15 indicate the input and output of various kinds of data
on the connections shown with the solid lines during a
video editing operation.
The control unit 1 is the host-side control unit
that includes the CPU la, the processor bus 1lb, the bus
20 interface lc, the main storage 1d, and the ROM le. By
executing programs stored in the ROM le, the control
unit 1 records and reproduces VOBs.
The MPEG encoder 2 operates as follows. When the
receiver 9 receives an NTSC signal via the antenna 73,
25 or when a video signal outputted by a domestic vzideo

camera 1s received via the video input terminals at the
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10 S5, the audio packing unit 15 proceeds to step S6 where it has the
virtual presentation tine counting unit 17 increnment the virtual
presentation time t. The increnmenting in step S6 is repeat ed 44riYay 2q02e
result "Yes" is given in one of judgenents in steps S3 15 to S5. This
repeated increnenting of the virtual presentation tine t results in the
virtual. presentation tinme t reaching the presentation start tinme of a set
of audio frane data. Wien this is the case, the result "Yes" is given in
step S3paaril ¢ hetheo@aturecadvairces’@ 0 PResMAEG7enkodstre® SFncobesaudi o
packing unit 15 plots a stepped part in the virtual decoder buffer 16 to
reduce the aibsdt safyreclcurm| atidedcdadizgnalt he mufdducky Vidis si zZ8hef the
audi o frame data. The processing then advances to step S6 where the virtual
pr esent MPiEdh ¢noeden £ 2ZShencoetpnttesl @Ayase, M8 oreoetter idigsthe | oop
processing in steps S3 to S6. 69 24 May 2002 On the other hand, when the
r epeat edcicesrenentitng ofia hehei busal7 presentation tine t results in the
virtual presentation tine t reaching the input-possible time of an audio
pabk, the proceffienghbdivaacesesto Wieh § SqAchitdes ehdzamh oopaékicng unit 15
j udges whether a size given by adding the anount of data accumulated in the
buf f er 6@,trae*1p%fy‘co§@0§eﬁesmgwmtngime PREJS G YedMECHAaBSHN . 36f this
si ze exceeds the predeterm ned size BSa', 10 there is the dapger that input

of the 48di & AR T At BT RAF8SEESLIERS bEVPERAMN | 1R cAGSOTTRNRr 1 ow i n

the audi 0 ggcoder bifLFr' As a result, the Erocessing advances to step S6
and t heH1B&ciERREEPE PYo-% ofPBE IO $H*%b that the audi o packing unit 15

waits for the In more detail, when the control unit 1 gives an
10 indication for recording on the DVD-RAM and the VOBs
encoded by the MPEG encoder 2 have been successively
outputted as shown by the broken line (1), the disc
access unit 3 stores the received VOBs in the track
buffer 3a. After the ECC processing unit 3b performs
15 ECC processing, the disc access unit 3 controls the
drive mechanism 3c to successively record these VOBs
onto the DVD-RAM.
On the other hand, when the control unit 1
indicates a data read from a DVD-RAM, the disc access
20 unit 3 controls the drive mechanism 3¢ to successively
read VOBs from the DVD-RAM. After the ECC processing
unit 3b performs ECC processing on these VOBs, the disc
access unit 3 stores the result in the track buffer 3a.
The drive mechanism 3¢ mentioned here includes a
25 platter for setting the DVD-RAM, a spindle motor for

clamping and rotating the DVD-RAM, an optical pickup for
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15 amount of accunul ated data in the audi o decoder buffer to decrease. If
the calculated size is below the predeterm ned size BSa', the_processing
advances to step S9 where the audi o packing unit 15 extracts ey 2PP4ne
data of a 20 predeterm ned size fromthe start of the arrangenent of sets
of audio frane data stored in the audi o encoding buffer 2d. The audi o
packing unit 15 arranges this extracted audio frane data in a payload of an
audi o pack. Based on the virtual presentation tinme t, the 25 audi o packing

unit 1beassirgNsa apiSeRanmdrddSthe tDv+traMer abhel gemnesateadvaugdbe pack. At
the sane tine, the i0 24 May 2002 audi o packing unit 15 adds the payl oad

si ze othkhepwickal optikéipunke ot iaee i ated tdatp operthd dnd fere and
plots an inclined part in the virtual decoder buffer 16. The processing

t hen pasoheedsed gt epnGoiheiregt haesevictmpbnpnesent it the dmeve is

i ncrenented, before the processing enters the | oop of steps S3 to S6 again.
The | nueehmmisty 3¢, t hé thiqugial spcesemirat roh tioss tndés Fepeatmirtunti|l the
audi o packing unit 15 unexpectedly receives notification fromthe video 10
packi ngfutnine 1Bl shaoft hdef ipmadsentdeampaktiona v tastheen ciorled. On
being inforned that the final video pack in a VOBU has been stored, the
audi 0 pabkevgdinising weJdnde3owvn BEEHBIY, wher untiends the remai nder
"Frame Renmmin" 15 that is left when the capacity of the buffer is divided
by t heespzangitighe Wél lobeaivenr are tdut . SRexE fiiGRi@p-S11, the audio
packing unit 15 judges wlet:~er the size of Frame_Remain is zero. If so,

t he processi nngb?oPﬂg’E@S deradep 46 ARrFatefead rfublopfeseMz®Ton time 20 t

is incremented before the processing enters_the_|loop of steps S3 to S6. if
not, | (S5 pr 0edei MY B dVERELS S35 of SHTSERS WHEPERAHe RalidF Sepadiathg unit 15

Gt Laciashle Lemel ming. aud o Lae date IO Lhe Starto oL Lhe st angenent
audi o packi ng unjde d5,2LL3A98%, 1AL SN A%EL W8k (TS ELdaty I n @ payl oad
uncompressed digital video data and an audio signal.
The MPEG decoder 4 outputs the uncompressed digital
video data to the video signal processing unit 5 and
15 . outputs the audio signal to the TV monitor 72.
The video signal processing unit 5 converts the
image data outputted by the MPEG decoder 4 into a video
signal for the TV monitor 72. On receiving graphics
data from ocutside, the video signal processing unit 5
20 converts the graphics data into an image signal and
performs signal processing to combine this image signal
with the video signal.
The remote control signal reception unit 8
receives a remote controller signal and informs the

25 control unit 1 of the key code in the signal so that the

control unit 1 can perfcrm control in accordance with



24 May 2002 an audi o pack. Based on the virtual presentation tinme t, the
audi o packing unit 15 assigns an SCR and PTS to the header te¥ﬁ§neﬁg e an
audi o pack. The processing then 5 advances to step S13 where ay

<auul o
packing unit i5 judges whether the difference between the payl oad size and
the data size of Frame Remain is 8 bytes or nore. If so, in step S14 the
audi o packing unit 15 stores a paddi ng packet in the audio pack. On the
other hand, if 10 the difference is less than 8 bytes, in step S15 the
audi 0 padid HgCBRLA IR RS 0P Es tSAUFFS TPt By CONG R bl EHe 'PJacket header of the
audi o pack. After this, the processing proceeds to step S6 where the
virtual presentation tine t is increnented, before the 15 processing enters
t he | oop of sieps S3 to S6_once again. Since . the audi g encodi ng buffer 2d
st ores fﬂ%i‘%q‘r_l}ﬁﬁﬁtt\l‘ﬁrrﬁakpﬁ:%n%t Gl HOPy Qe T2 MEREo & EQRE¥hé audio

encoder 2c in the ord in which they have been encoded,. the audio packi ng
unit 15 may j ud é'%he?h@‘r 1thé %@)l‘ﬁ‘égt dIFH PR r SHEVdAt%h tBSbe stored has

o i“opficié SheEEr e 25%%‘3?@‘@??1%%@8%%5?}-”3 %Siﬁg?%ff%ﬁéf?g?iﬁi Gata
i i i i i . 2d. 72 24

%6280352?2?@%5’»4%@32%8«3%8?'5?# e %é?%wﬁg%%‘éﬁél%f?%n%fi%%dmﬁs Teont rol
Y] ' ) ¢ ; )

ccessi bg'a ot OPS s b e PRt A T B D B «

feature§d@w§#£@g Q%é&&%fg@%rOgdﬂ%ﬁdﬂohgﬁ%J Pr%ﬁ%?ﬁé?HUéHoOf t he disc

access unlt. reaq or Wri Ata onto or fromthe In directory
units apdfdd #hdnbh¥fer 2d, a system encoder 2e for multiplexing

10 the encoded video stream in the video encoding buffer 2b
and the encoded audio stream in the audio encoding
buffer 2d, an STC (System Time Clock) unit 2f for
generating the synchronization clock of the MPEG encoder
2, and the encoder control unit 2g for controlling and

15 managing these components of the MPEG encoder 2. Of
these, the audio encoder 2c¢ encodes audio information
that is inputted from outside to generate a plurality of
sets of audio frame data that are the minimum data unit
that can be independently decoded. The audio encoding

20 buffer 2d stores the plurality of sets of audio frame
data encoded by the audio encoder 2c¢ in the order in

which they were generated.

(2-2-2) Internal Construction 0f the System Encoder 2e

25 Fig. 23B shows the internal construction of the

system encoder 2e. As shown in Fig. 23B, the system
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Represent ati ve exanpl es of the standard functions ZO provi ded by the
control unit 1 are as follows. 1. Having the disc recording t 188:£ecord
a file entry and obtaining the file identification descrlptor 0
Converting a recorded area on the disc that includes one file |nto an enpty
area. |5 3. Controlling the disc access unit 3 to read the file
identification descriptor of a specified file froma DVD RAl ~. ~". 4.
Controlling the disc access unit 3 to record data present in the nmenory
onto t herdieder20es5 imnimdes| png autkl @i B8 ckdcussihft 19 ,t & readtas lext ent
that conposes a file recorded on the disc. 6. Controlling the disc access
unit 3 qaert hefdmn cab/ pRckdy Tt b BESSEST PosPhi AT GPenExnent s t hat
conpose a file. ~5 The following is an exglanatlon of the processing of the
cont r ol UdHit Jﬂmm(anvaéﬂfer%rmﬁ@lagpam@l el &-& 73tua24 desPIV02 based on
t he procedure shomn in Figs, 17, 18A, and 18B. Fig. 28 is a flowhart
showi ng PUHE 8 ok 8ssRgl vitent pEELSEAHI @ BRLG A0 del 606 @FJC&Q/CB In step
S21 of this flowchart, the control unit 1 first renews _the VOB
i nPor maPPGH EM PBET HorFREY B tas %\AﬁeFﬁ Pifgsauci#o ?mmearfaa%e and
updat es the f le entries. In step S22, cont.r unit 1 refers_to the
relativé &(ﬁﬁ sl OFEFhé‘L\%?J ?ﬁ&?dllé“%ll?/‘éﬁf tzﬁ:g }*he RESSSf or FREi on, and
speC|f|e3£% §¥néeco%%fxgdf?grn96 simulates the buffer state

when the packs that store the sets of audio frame data

are inputted into a buffer. The virtual presentation
10 time counting unit 17 measures time that is used for

assigning an SCR and a PTS based on the synchronization

clock of the STC 2f. The video packing unit 18 converts

the video data stored in the video encoding buffer 2b

into packs. The virtual decoder buffer 19 simulates the
15, buffer state when the packs that store the sets of video

data are inputted into a buffer. The interleaving unit

20 generates VOBs by arranging the video packs and audio

packs in accordance with the SCR and PTS assigned to the

video packs and audio packs. In the present embodiment,
20 the conversion of the audio frame data into packs by the

audio packing unit 15 is the main focus, so that this is

explained in detail. No detailed description of the

generation of video packs by the video packing unit 18

will be given.

25
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10 to the VOBUs that conpose the deleted area. Here, the del eted area may
correspond to one extent, or to two or nore extents. The reaagrwa%lﬂﬁ)lzet ed
area conposed of a plurality of VOBUs nay correspond to a pl dral1’t’y of
extents is that an AV file is divided into a plurality 15 of extents

conpl etely independently of the structure of the VOBUs. After the extents
have beer specified in this way, the processing advances to step S30. Step
S30 marks the start of a | oop conposed of the steps from 20 step S23 to S29
that i gpperfarpedefigraactoef rbhespagidi rRddaxt etdskihg Sineg SP3, the
controt—umrt—Ideterm nes whet her the deleted area is positioned at the
start of the speei fd.edi €xpaskig gain20AlShesst thetsase iedenthef2s5 del et ed
area is positioned at the start of the specified extent. Wen the del eted
area i gagh tdwustalene§ W tHé paZdddy 2002 Suamtthe SROAHSG Fig. 29A
the result "Yes" is given for the judgenment in step S23, and the processing
proceedsdi® SepmS24atlan stepms24tacheihoghealausiivekeNeRGEMDf the 5

del eted area is added to the recording start position of the specified

est ent bafddthe2 dogi Tale Wwiko| pagitingf whis &%t éMeRsIeagIcdE Hy2t he

| ogi cal block | ength of the deleted area. Hy doing so, the control unit i
updat epatlke ttexcor dtngest drive peskriaet exhdlekeent | Ehgt RAYe O5%m #hdse

i ndicated by the broken Iines in Fig. 29P to those indicated by the solid

| i nes. ol psitep €26, geme e doPagh (tQ@ FREgEYSHRER RRCPAEIde%t ed area i s
positioned at the end of the specified extent. Fig. 29B shows the case
wher e Théslgyafeesasdoar & i3 POSKt ilGHERIL BE St ﬁ@eerf‘grB"f‘ngﬁ@e%c? i ed extent.

When the deleted area is at the end of an extent as_shgwn.i ig. 29B, the
resultdaY@§¢ﬁE@gﬁv@ﬁWkﬁa@h%nﬁuﬁgﬁnﬁﬂfkﬂié%éQQEEf gﬁﬁ 9§}{§ocessing
fBOCeegidgag%e h?§6p35ks£§ OS%%’JJ]iéogég%hé¥CE§ffer.

The calculation of the input time of a pack into

the audio decoder buffer is performed so that the buffer
state of the audio decoder buffer can be efficiently
controlled. In the model of a reproduction apparatus

15 under DVD standard, the memory capacity of the audio
decoder buffer is a mere 4KB, which equates to only
twice the data size of the audio packs used as the unit
when reading from a DVD-RAM. As a result, there is a
risk of an overflow occurring in the audio decoder

20 buffer if there are no restrictions regarding the input
times of audio frame data or the number of sets of audio
frame data inputted into the audio decoder buffer at any
one time. However, if such restrictions are unsuitable,
the opposite case can occur where the audio frame data

25 that needs to be decoded 1s not present in the audio

decoder buffer. This causes an underflow in the audio

58



20 length of the present extent is reduced by the |ogical block |ength of
the del eted area. By doing so, the control unit 1 updates the‘fgte%@¥£ength
fromthe broken line srown in Fig. 29B to the solid line. In ¥V SR the
control unit 1 determ nes 25 whether the deleted area is positioned m dway
t hrough the specified extent. Fig. 29C shows the case where the 75 24 May
2002 del eted area is positioned mdway through the specified extent. Wen
the deleted area is mdway through an extent as shown in Fig. 29C the
resul t d&esteirs yivtarfor the judgenent in step S27, and the processing 5
proceeds to step S28. In step S28, the control_ unit first registers the
stream dat a t hafcervetigd ainderfiewelanedogees iowsa, f the aitdicas a r~ew
extent. The control unit 1 then registers an allocation descriptor in the
file er®agking Tkt al Pos@aortBesviicpiul hdecrRe iRstLaddldds<on the AV
data that follows the deleted area as the recording start position and the
dat a Ieﬁ@ﬁﬁléﬁqrﬁ@ﬁ¥%ﬁﬁﬁﬁ|ﬁf/$h§a9§Q¥P%$QYI©§h§%etﬁﬁéﬁembngth. Next, in
step 529, the recording start position 15 of the aoriginal extent is left as
i 127 s, YRECHRE 1%y ¢al 2bFsQedBhgyReRr iptatceh?ﬁi%r?héné?q-l%%@i 8Rdescri pt or
for this extent is reduced %y a sum of the quical bl ock Igngth of the

del et e RFES2ERF t1e TBEi CACHRIRKY| BRgtth-T% i PEESSIST t hRY aPPodst i v

descr ! OL Lhekie e[ Lbe, 20 enf £y, ien Lhee! ea-ggedl fhed excent 1o Lhat
10 MBI B0 2T e d o BB B1R0 41 L3 SIS Kechd Ripcoeds 1o
uni t 1£%% aaéi¥P@é%%@er buffer. By giving packs SCRs that
10 show input times calculated in this Way, the audio
packing unit 15 ensures that overflows and underflows
will not occur in the audio decoder buffer. When doing
so, the audio packing unit 15 must not assign an SCR to
an audio pack that corresponds to an SCR of a video
15 pack. To ensure this happens, the audio packing unit 15
informs the video packing unit 18 of the SCRs that have
already been assigned to packs, and the video packing
unit 18 assigns SCRs to video packs that do not

correspond to the SCRs of audio packs.

20 The simulation of the audio decoder buffer using
the virtual decoder buffer 16 is performed by graphing
the buffer state shown in Fig. 8 in the virtual decoder
buffer 16, with the time measured by the virtual
presentation time counting unit 17 as the horizontal

25 axis.

The audio packing unit 15 has the virtual
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conpletes the partial delete operation. In the present enbodi nent, when the
total of the payl oad size of audio packs in a VOBU is a non-i%@ge?
multiple of a set of audio frame data, a paddi ng packet 5 or ¥ Wﬁzbytes
dre inserted into a pack to make the boundary between VOBUs natch a
boundary between sets of audio frame data. This nmeans that so long as a
partial delete is perfornmed in VOBU units, there is no risk of the partial
delete leaving only a forner or latter part 10 of a set of audio frane
data. Apresestbtidiy tupdat cognteimagensat iInf oshartotsuedaagreile entries
inunits of VOBUs, a recording apparatus can easily performa parti al

del et e. tEved. wh@hemottiie chirel ¢facheascoimayedvedt ba Ihe imadigi deo pack in
a VOBU is suddenly received, the process for inserting a paddi ng packet or
stuf fi n@NBR@er| btd Gackk6 chasi RaRemt aheses yihaveet £ tfduneacy, of VOBUs
aligned with a boundary between sets of audio frane data using a technique
def i ned tii& M adi Re PAFR BRI 28NdénthDI 1 REERSS T ERe RudifeHRKkFHBa2BNY 15.
Second Enbodi ment The second enbodi ment .of the present invention focuses on
the stoPaget <datsd MWt ofprafd bt Birs 2P Falekangt P43 i 8Nof one set
of audiog frane data to one pack . 77 24 May, 2002 Fig. 30 is_a

r epr esertdtd OB PRrén sBf SAMRIINSEPRERS daY at8 Jtidreth+n each pack
The upper_ part _of .Fig. 30 shows the VOH roduced b l.tiplexing audio
packs ! o S bR hACRS © e heoHBiG each. Bt ) B TES e T0B0E S TPHEl car ed by
the arr that extend fromihe audio frame data Z, showi ng that this pack
only stg$@% S&t eaadi59F?éﬁ%c%ata Z shown in the lower part of Fig. 30. If

only the audio biam, dala.f Ls SQLede 18k Ulnedcalea ia, |glt i sthe audio

10 pack P61. To S Undsed area, “a paddihg packet 1s insefted into
the audi@ Rack,£81to measure time and the audio packing unit 15

plots a stepped part in the graph every time the time
measured by the virtual presentation time counting unit
17 reaches the presentation start time of an audio
frame. The audio packing unit 15 repeatedly plots

15 stepped parts and, when a free region equivalent to the
payload of a pack appears in the audio decoder buffer,
stores the audio frame data accumulated in the audio

encoding buffer 16 into the next pack and gives the pack

an SCR showing the time at that point. By repeating
20 this procedure, the audio packing unit 15 converts audio

frame data into packs.

(2-2-2-2) Buffer Control so that VOBRU

and Audio Frame Data Boundaries Match

25 In addition to performing the simulation of the

buffer state as described above, the audio packing unit
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I'n the same way, the audi o packs P62, P63, P64 shown in the upper part of
Fig. 30 are respectively indicated by the arrows that extend fromthe sets
of 15 audio frame data Z+1, Z+2, Z+3. This shows that these pé&tMay2002
respectively only store the sets of audio frame data Z+i, Z+2, Z+3. Since
only one set of audio frane data is stored in each audi o pack, unused areas
are left in the payl oads of each of audi o packs P62, P63, and 20 P64. To
fill these unused areas, a padding packet is inserted into each audi o pack.

Fig. 31 shows how theestate ctfoddembutl era £hangns réue-d pi 88 cVOBUs shown in
Fig. 30. The bottom part of Fig. 31 shows the sanme VOBUs as Fig. 30. The

m ddl e 25 panteShonstinagequenee S ragdbufBekscbhatrdls ©bt ahaed the
separating audi o packs fromthe VOBUs shown in the 7s 24 May 2002 5

bott om pestindibe <o PavOBRUL Mk cBlbosnalay bph beawgwn t betsnarfeases in
the buffer occupancy of the audi o decoder buffer due to the transfer of the
audi o framtidatfaameonittbe.padks s rothifem ddiret palt comttihel audhe decoder
buffer. Each inclined part in the graph in Fig. 31 starts 10 to rise at the
SCR gi veud boadpaddsr heafferammb fhéat wharhetiPFSlgisten(awdiheé packk header
of the pack. This shows that the input of each audi o pack that stores set
of audi drfranBO0Bst &1d htloeehne tawdi of elereder g feudis domnetdatly the
presentation start tine, at which point the audio frame data in the audio
pack is adee@dedat@d hin hehpr asehitc chdodigenuibhey bid lsegompleser@raudi o
frane data is stored in each audi o pack, so that the sinulation of the

buf fer &t er@spREitthe MaREual MRaTbdBRChuPLGLas £9N5& I bnRr necessary.
This nmeans, that the construction of the system encoder _2e can, be

sinpl i f AL NERENgEal £ PABNEGH IS HBlveBuUrf @PUEa ldi s A9kl Pededdd to

tgzksize of one set of, audjo franme data i.ch, reduces tgginanufacturing
c

ofqﬂﬁ??e@8P&qﬁf%&$aP$FW§?nﬂﬁ§E?é?gﬂﬁqqﬁ%n FaRh&@ten descri bed

by way 25 Fig. 24 shows the case where the boundaries
between sets of audio frame data match the boundaries
between VOBUs.
The top part of Fig. 24 shows the transition in
15 the buffer state of the video decoder buffer. Below
this, the video pack sequence that causes the
i1llustrated transition in the buffer state is shown. In
Fig. 24, the sets of picture data v1l, vl1z, v13, vl4,
v1l5, and v16 are shown, with video pack p3l storing the
20 final picture data v15 as the final pack in a VOBU. The
video pack p34 stores the first picture data v16 in the
next VOBU.
A pack sequence where video packs and audio packs
have been multiplexed is shown below this in Fig. 24.
25 The bottom part of Fig. 24, meanwhile, shows the

transition in the buffer state of the audio decoder
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of the above enbodi nents, though these enbodi nents are nere exanpl es of
systens that are presently expected to operate favorably. |~ should be

obvi ous that various nodifications can be made without depart34fjay 2643 t he
79 24 May 2002 technical scope of this inver_tion. Seven representative
exanpl es of such nodifications are given below (a) In the first

enbodi nent, the DVD recorder 70 was 5 described as being a device to be
used in place of a donestic non-portable video tape recorder. However, when
a DVD- RANIf fsrused asent stalade meddvawhoratm thaputent tdiedé oblfowirigs
construction is also possible. The disc access unit 3 may be connected to a
conput ergdphus svirer 1k SCSWiCBEIA " Conpeteh Systrds rinterteeel, sans DE
(Integrated Drive Electronics), or IEEE (Institute of Electrical and

El ect romitsa@dgonderagde | @94 ai.nterface so as to operate as a DVD-R P, M
drive. The conponents in Fig. 22 aside fromthe disc access unit 3 may be
15 realized by &mpufénaBandwiee, pek& Gohputer t08 (pdraplagesy fawy, and
application software that is run or, the OS . Wen doing so, the procedure
shéwn | sadiechEowtiday tthe FugioPamereBy tEseddrbepaclafPimi £t15 20 uses
the virtual decoder buffer 16 to sinmulate the buffer state can be achieved
by a madhliehet FAaR§E&de PF ofram a8 BB RIKN® I RRIAgeSp LG M Fha6e

di stri buted and sold havi ng_been recorded on recordi ng nmedi um Exanpl es
of such iecordi AGCHEGETY aﬁgé 5R8 QUSBLP| %@@é’r%treop‘&fgéﬁi SR PYan opti cal

g;myog@gi%fxn‘é‘ SartecfRehifle Janguage Rhogremgeqded, gn the 80
bottom of Fig. 24, an amount of audio frame data equal
10 to exactly four audio frames 1s stored in the audio
decoder buffer. This shows that the VOBU boundary
matches a boundary between audic frames.

On the other hand, when only part of the audio
frame data is stored in the audio decoder buffer, the

15 boundary between VOBUs does not match a boundary between
sets of audio frame data. When the boundaries do not
match, the audio packing unit 15 can have only the
remaining part of a set of audio frame data transferred
so that the boundary between VOBUs matches a boundary

20 between audio frames.

Fig. 25 shows how the audio packing unit 15 has
only the remaining part of a set of audio frame data
transferred so that the boundary between VOBUs matches
the boundary between audio frames.

25 The top part of Fig. 25 and the video pack

seqguence below it are the same as in Fig. 24. Below



recording mediummay then be ir:stalled into a standard conputer. By

executing the installed nmachi ne | anguage prograns, the standqu cog&yter
can achieve the functions of the recordi ng apparatus of the £44 May 5002
enbodi ment. (b) In the enbodi nents, only video streans and audi o streans
wer e described as being nultiplexed into VOBs. However, a sub-picture
streamincluding of text fcr 10 subtitles that has been subjected to
run-l ength conpression may al so be nultiplexed into VOBs, with the
boundar itesi Het ween W@Bso sphkk REghgsabirgredivé t finhhd miumdareesiaiat ween
sets of audio franme data. 15 (c) The enbodi nents descri be the case where
one vi deq 5 rasetaerd foirea Augee M riaimea aGePusact lasthbe aurd . paiokeys2 there
are cases where ona picture is in fact depicted using 1.5 franes, such as
for a viidemediatehywisrfoBe2ipyl laddwni §igsed® 4 t hTheadesahiofe24 offr ane per
20 second being subject to conpression in the same way as with film
mat er i alt i Thagdiiov@rdlonpddesancie f fhet ivalsealapedd de: cpubladoin, so
that there is no particular restriction on the frames used. 25 (d) In the
sebond edhddieeatdiondserder Budifey rahewdatly i shet éned inednpastdi o pack,
al though two or three 81 24 May 2002 sets of audio frame data may be
stored ki oS abiBi §igacks 4 pr olir#Ey & hat 2ERiET it iwwt RranSfeEapicity of the
audio pack. 5 (e) In _the first and second enbodi nents, Dol by-AC3, MPEG and
Li near - PO R eP@FFe® Idve Bla®i 6X660 ngt nbdgs, &t thbGERTEhE 1 dehdfchN®effect s
described jn the enbodimepnts can still be achi eved even if other coding

nmodes aPEARdIeT0dEr) QUEERE Fitrde HRiLdéPord AP odR NS T edeRpack only
i ncludes or e packet, although_a pack instead include a pluraljty of
kot o E e PaR e el B h o e el pea it e e 6o E The2E R Lt *hnd

Sﬁ@ond enbadigggts descri be an, exanple where a DVD-RAM i s used, although
t pre?@ﬁ?‘? Affon is not linited to the use of this recordi ng nmedi um

The same ef fects my stil L be achigyed ib any 2T owJtaplg pedium, such as
the boundary between VOBUs does not match a boundary
between sets of audio frame data. At the bottom of Fig.
25, the reaching of the presentation start time of an

15 audio frame results in a reduction in the buffer
occupancy, as shown by the stepped part k5. The height
of this stepped part is equivalent to the data size oZf
one set of audio frame data, so that the audio decoder
buffer ends up storing an incomplete amount of audio

20 frame data.

In this state, the boundary between VOBs does not
match the boundary between sets of audio frame data, so
that in Fig. 25, the audio pack p33 is arranged
immediately after the video pack p3l and immediately

25 before the video pack p34. The audio pack p33 stores

the remaining part of a set of audio frame data, so that
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drive, is used. Although the present invention has been fully described by
way of exanples with reference to the 25 acconpanyi ng dramﬁnga,&htﬁgi to be
noted that various changes and nodifications will be apparent f M2 g2
24 May 2002 skilled in the art. Therefore, unless such changes and

nodi fications depart fromthe scope of the present invention, they should
be construed as being included therein. 5 I NDUSTRI AL USE PGOSSI BI LI TY The
optical disc of the present invention can be used to facilitate the editing
of vi deoyi mages i inguthiva@uwilso f pekds 33 edubat iio 1 bmeddpastt nig3
publ i shing, 10 and nedici ne. The recordi ng apparatus and conputer readable
st or agel sredirodustad | hy dheeapraphgapr ddreanbodesom el Bigt hé Spredent a
invention can also be used in these fields to record i mages that can be
easi |y eelfuéd atthe | huéfedatasci@3ancg4 ovhyt 2o02uiat decetlermsififerl. An
optical disc for use with an input signal including video data and audio
data, sEr@repsiecalt@i sBeco®pidlsi HYOWhi dso lobj BbES, raresastadiany a
plurality of video object units, recorded on said optical disc, wherein
eath videeupbj €dt aHfiohasagq Grth Ghem nis pragétet muedlr Apgd i

i ncl udes one aor nore conplete sets of picture data, and audi o data divi ded
into auifiles paékeudERnt aatro ddck- i nehadi QW8I 5Nédk £ baENGR G e

conple%%faygéo frames and ngcﬁyd o0 dat a. of |ncogglete audi o framnes.

Us matches a ndary between sets of audio frame
data.
Notification of the final video pack in a VOBU 1is
10 une#pectedly sent from the video packing unit 18. As a

result, the audio packing unit 15 has to suddenly
arrange the remaining part of the auvdio frame data as
described above.
It should be especially noted that the size of

15 the audio decoder buffer is only 4KB, so that there can
be many cases where the transfer of an audio pack at the
end of a VOBU, such as the transfer of audio pack p3l in
the preceding example, will not be possible. One
example of this is the case where 4KB of audio frame

20 data 1is stored in the audio data buffer even though the
final set of audio frame data has only been partly
stored. Since the capacity of the audio decoder buffer
is 4KB, which is 5.333... (4096 bytes/768 bytes) times
the data size of the audio frame data, it can be seen

25 that this represents a non-integer number of sets of

audio frame data.
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2. An optical disc as clained in claim1, wherein the predeternined range
has a val ue such that a total presentation ,period of all of %ﬂ@ s&hé of
picture data in a video object unit is no | onger than one sec ay 2vi deo
data i ncludes picture groups and each picture group includes at |east one
set of picture data that has been intraencoded, and said each vi deo object
unit includes at |east one conplete picture group. 3. An optical disc as
claimed in claim1l1, wherein one or nore of said audi o packs include one or

more stuffing byk;g-._ %-qpﬁ” 2B e i SC, Ag %'h@':@d%kﬁ ﬁ'faiam&io""@%‘?ﬂhé”“ one
of said audio pac i ncl udes one or nore stuffi'ng byfes when a | ength of
the audlgae'atqs' 553E85008 a4 01pack i GH9E Lebulfva- 2 tAbRlgH h of

recordable areas I n sald one audio pack. 5. An optical disc as clainmed in

claiml, ryhgneidet 0pe 9hasd & Aufk 0dRaGks 4 NGhiges 0ne) 9r sEpe St uf fing
bytes when a difference between a length of said audio data in said one
audi o pagkeang pateal olfengtd, of greseiAadl ehateand nysakd e j@udi o pack
is below a predeterm ned nunber of bytes. 6. An optical disc as claimed m
clagm 1,p9her el i ds vigeo Al £t vuakbs g &k ai Al Bl MoBwNi hakorrdel etion
fromsaid optical disc. 84 24 May 2002 7. A recording apparatus for use
with an ppiieabadilspandpariitipiedi gmledinet adiynpevicies dataiandrasdi o
data) said recordi ng apparatus conprising: an encoder operable to encode
the i npuamegnraly raeceinegityr.o@out si de said recording apparatus so as to
successi vel y output encoded sets of picture data and encoded sets of audio
data; a nmultipl eXes vpertdldael tlorskecedsines ytenerdd sceonded raim edte uni ts

t hat conpose a video object by successively nultiplexing one or nore sets
of pictuwreddat pack iz etinby cedial Bmeodlerc Mirtdd oparar kibrgnaet shofwvaaudi o
data outputted by said encoder such that each video object unit generated
by Gai d the t i praeeshabn ablEfgth ag WP ang Yoraales ednbye@kdhgepragd i ncl udes
one or nore conplete sets of picture data, and audi o data divided into
audi 0 packs; edbR LK bzpatRli Adnfli Hyabugixs eada sroshehe meiatcdil ete
audi o frames and no audi o data qof inconplete audio franes; and a_ recorder
oper abl @% ot R@cBed Kk L viBBolokjlddtedinPeE tgdierd®ad BPisHEPdSntihei pl exes
onto the optical disc as. a video qgbject. 8. A recording apparatys as

cl ai med St et aftm g4 1A 2%aifd fﬂ%F&xé’@‘?%e%Bensé%se C?*%s%\ﬂl 18ne or

tuffi into, di t that th (o d [
cach aut P PRCREFS cposRaTo adi o GBS OF ThF BRCRorS Kbt 8t o 28udi o

f d ' £ I dig f A Lcal d

F dcor di g Vi dRh. oBe i TRa CAFGREIGTY GBFal By REI Ppl i ePaR encoded
vi deo StJ. i_ncgﬁglicq_:g A 6’§Hrf’>k/jttey ogfsg‘%ai%f ﬂi%rﬁé” aq%t_aa d at | east one
encoded “dgudio” stream i ncl udrng“a ﬁ ural ity of 'sets of audio Trane data,

each set dfe Mgt Ut AA & betng auinls doeqdeaadida-be videa siregm each

set of eing a uni't for decodin e"au ream and one

Or T € L of ¢l g %gﬂé.g%‘BtES n3C NghDg pRRAged- asugrlid & eggh of said
vi deo obj ects bein Ivided into a plurality of video object units,

same way as in Fig. 25 will cause an overflow in the
20 audio decoder buffer.

In this case, it 1is impossible to input the

remaining part of the audio frame data in audio pack P33

into the audio decoder buffer, so that the boundary

between VOBUs does not match the boundary between sets

25 of audio frame data.

Buffer control is performed by the audio packing



each of which includes conplete sets of picture data that can be

i ndependent |y 85 24 May 2002 decoded and one or nore sets of audio franme
data, said video object units being recorded as aligned portiéhMayz002
sequence within said file, characterized in that each of said video object
units is divided into a plurality of packs, a pack being a unit for
reading/witing data fromon said disc, said one or nore sets of audio
frame data are arranged into audi o packs out of said plurality of packs
such t hatneachH »fssaad awdipe packslendwdesoadditiadat Bt 0htamer or nore

conpl ete audi o frames, an audio franme being audio data that can be

i ndependéasicy idenddadpvieutwitoes hbe iencddimledacdde daraf Héri nsonpl et e audi o
frames, and when audio frane data to be stored in a pack is shorter than

t he | engthmpfl ettieel patkllede wiftla paddion mankedadad st f dagabyit,eshhes
inserted into the pack. 10. A recording nethod for recording a video object
obt ai neddadie FEGleEngf uniided dbpest aumulsiey atibtiepiwsd ngaaneshcoded vi deo
streamincluding a plurality of sets of picture data and at |east one
encdded @hare shredrredereditged pfatal iamewrtsBfg 'ofl uded AFard Qlat a,
each set of picture data being a unit for decodin% the video stream each
set of aUEPBIf AddEl Haf@rbéigy HNRWRE Pdr HleddiRgThige I © FECOSRT each

vi deo ohj ect unit onpl ete sets of‘gictune data t hat can be

i ncl udi_ng
i ndepen %ff?rdecdﬁ€ﬂ~aﬁéBoéngshB?@ $SANSFL 208 ¢7F rdHe aEAS %t he net hod
conprisin he steps_of: encoding_i t signals received frogmoutside to
success!%g? egé???ﬁ{%hée?QﬁHnﬁﬂiku&?ggaﬂéia fs@PQlGT d Cfrane gata;
successive nmul.ti pl exin e .generated sets of.picture data and audio
Fram aderteTedcanB APy shaF ot SBerin g frebl Bo6 ottt rointe fhat
C rise [.deo .qDbj ; rdi h i deo obj ect i.n _aon I re
ey o Al B8 e a8 (LR R Y NGt e RGN APER ¢ ne
vi deo obj ani i.0g: Lecar S [ tians e Wthin
video obifcl Al L bela benarde aonakianedhorthaes o saqusage U
2002 | ength wi t ki, a-pf edeterm ned H%g%er aé&%ﬁe%é‘a&ﬁié’f upbghure data
that can be independently conpl etely decoded and one or nbre Sets of audio
frame datsggith t t Rer +GmLi S Vi gl c j i-deo
obj ect unlieh_tl%sl_gi %tsgea%%gﬁi ?3?11 of pap&%{jggtgféﬁék%%igng?al%ﬁ(rﬁ tegf?(l(‘)(rgdéIr
Bdi 0 Frne T o Tk o el Bt o Sl e ey o paRetcuch ¢ hat
each of «saigbaudhaepacks rACtude Pl tdamd i imeet Pr BORY & £ogptepe audi o
frames, an audio franme being audio data that can be I ndependently decoded,
but doeshwtvabokudewrdipydaha &fqiacosnl eled Budi whéranese afwt a

size of one audio frame is represented by "Aaudio".

oL

Br = ( 4KB Aaudio ) (Equation 2-1)

20 BSa' = 4KB - Br (Equation 2-2)

where "%" represents a calculation that finds a
remainder
The use of the above equation means that the
25 upper limit for the amount of data in the audio decoder

buffer is an integer multiple of the size of the data in
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monitoring the length of the audio frame data and when audio frame data to
be stored in a pack is shorter than the length of the pack, iES@étinﬁ one
of a padding packet and stuffing bytes) into the pack. 11. A My &0 %_

net hod according to claim10, wherein the recording step records the video
obj ect onto an optical disc. 12. A recording method according to claim 11,
wherein the file systemprogramis recorded on the optical disc. 13. A
recording nethoq according to pla|n112, and conprising the step of

rerecor dbmg audideof objpect IThissimgahise tfide shst amqurogram tatontrol the
over-writing one or nore existing video object units with new vi deo object
units. laccamuéedral ngpnnehkod wmttor dengdarx chaf metl wiand wokpexsigrdt he
step of rerecording a video object by using the file systemprogramto
control thesopeedatit¢ingnene agrownt eBéxi'st i ngincded habjamounti tof with new
video object units. 15. A recording nethod according to claim10) and
conpr i siagcuhe lsttar ofatar écodivg audideslobpeer byffsingsihé fidte system
i U9 nowtded GhectaLne: SF BB’ JIONRR ZUBISINA KT aRAG IR ol
Wi ne C : . r

according to claim15, and conprising neans for rerecording a video object
by usi ng t heheirkee Wiylst e?d PRYGr &R tdNEBATY dPaRANSNf §1\EGEPt i ng one or
Focor di P #REREd PACCHTH R LR ol TS 0F SHIRd Sy RBg Womd FBHIC.

recor di fiéd i i 01 r #8i ge10o

reans 1 ot eer ur 61 L BhcaGE Uity & GHF Bt g RARE0 bBPect AR { SOREU new

vi deo ohject units. .18 recor,d met hod accor di to claim10, wherein
t he rec?f‘ﬁ?pn@n Q‘n?%sr%é?aﬂge&a%%ﬁo?&et H’bs‘?ﬁidegg@ij “9nP6 an opti cal
di,sc. 19._ A,recordi,ng. a atus for recording a video agbj bt ai ned as a
Séﬁ es %Ta%hdﬁow&gjleg%e %?@s B’&erﬁﬂ t%ﬁl gbiar‘rg aﬁ %hgidgf ﬁéogg%ﬁgam
including a, p albity of s of. pi ct ug at a I t 2ncoded
a_udito s?(r e§4m i}%gl bgittnegé)a pfzr%ggbt\};d% sggg 'ofdj%g?gﬁ\le 21 tcfgff, Egac? seg_ of
pi cture a ng i 99: ide ream ch. of audio
frame dgﬁ' belﬁg’aqaﬁqgé%#géecgging %‘%&%ﬁo §%¢%a§? gg%% V|§§é obj ect
unit i ngdudi c t : UGt i dgrna,td’ba%cgq igwlepepdent | y
decodedegﬁ%hgﬁg ggEE§%§ ggtéugbegﬁﬁ%o ?ane aéta rt%emagbaratusegonprising:
means f@ﬁsﬁﬂ?Q@%BQSLHDUt signal s received fromoutside to successively
generate sets of picture data and sets of audio franme data; neans for
suecessi vel y mulitHdH ext §9ihbe Henes atednsetfa®ld Rheturse R, aR¢caudi o
frame data to successively ggnerate a series of video ogﬁgﬁt uni ts that
conpri sawliv degckbjnectinieans fHeadgesordenpehes Wwaeaeolfjraid ipyone or

nor e recprQ|ng areas managed as a file using a file sy§ten1progran1mnth t he
vi deo objklriingnthe beingnuksvededeas admgued fdor tilo@svimtsaduence within
the file, characterized in that each video object unit has a length within
a predetecunded bafderarid stor ehesgisy bbagi stiuree Uat aot hate atasr behan
independg;;ly conpl etely decoded and one or nore sets ;f audi o franme data,
the 88 t megdebezrapsad as Lizef BiSteher cofpsiosi Mgiereand ibopadikingng each
of said video object units into a plurality of packs, a pack being a unit
f3P readnAd/ Wi tTagedatte S roRtonesd dakscand assigns an SCR that

shows the present time to the header. When the total of

the accumulated data amount in the virtual decoder

buffer 16 and the payload size i1s greater than the

predetermined size BSa', the audioc packing unit 15 waits
25 for the accumulated data amount to be reduced by the

decoding of the next audio frame. When the accumulated
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means for arranging said one or nore sets of audio frame data into audio
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20 extracted audio frame data in a pack. Based on the

virtual presentation time t, the audioco packing unit 15
assigns an SCR and PTS to generate an audio pack. The
audio packing unit 15 adds the payload size of the pack
to the amount of accumulated data in the buffer, and

25 plots an inclined part in the virtual decoder buffer 16.

In step $3, the audio packing unit 15 judges
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time of an audio pack, the processing advances to step

5 S8, where the audio packing unit 15 judges whether a

size given by adding the amount of data accumulated in

the buffer to the payload size is within the

predetermined size BSa'.

If this size exceeds the predetermined size BSa',

10 there is the danger that input of the audio pack into

the audio decoder buffer will cause an overflow in the

audio decoder buffer. As a result, the processing

advances to step S6 and then back to the locop from S3 to

S6 so that the audio packing unit 15 waits for the
15 amount of accumulated data in the audio decoder buffer

to decrease.

£ the calculated size is below the predetermined

size BSa', the processing advances to step S9 where the
audio packing unit 15 extracts audio frame data of a

20 predetermihed size from the start of the arrangement of
sets of audio frame data stored in the audio encoding
buffer 2d. The audio packing unit 15 arranges this
extracted audio frame data in a payload of an audio
pack. Based on the virtual presentation time t, the

25 audio packing unit 15 assigns an SCR and PTS to the

header to generate an audio pack. At the same time, the
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The processing then proceeds to step S6 where the
5 virtual presentation time t is incremented, before the
processing enters the loop of steps S3 to S6 again.
The incrementing of the virtual presentation time
t is repeated until the audio packing unit 15
unexpectedly receives notification from the video
10 packing unit 18 that the final video pack in a VOBU has
been stored.
On being informed that the final video pack in a
VOBU has been stored, the audio packing unit 15 advances
to step S10 where it finds the remainder "Frame Remain"
15 that is left when the capacity of the buffer is divided
by the size of one set of audio frame data. Next, in
step S11, the audio packing unit 15 judges whether the
size of Frame Remain is zero. If so, the processing
proceeds to step S6 where the virtual presentation time
20 t is incremented before the processing enters the loop
of steps S3 to S6. If not, the processing advances to
step S12, where the audio packing unit 15 extracts the
remaining audio frame data from the start of the
arrangement of sets of audio frame data stored in the
25 audio encoding buffer 2d. The audio packing unit 15

arranges this extracted audio frame data in a payload of
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Based on the virtual presentation time t, the
audio packing unit 15 assigns an SCR and PTS to the
header to generate an audio pack. The processing then

5 advances to step S$S13 where the audio packing unit 15
judges whether the difference between the payload size
and the data size of Frame Remain is 8 bytes or more.

If so, in step S14 the audio packing unit 15 stores a
padding packet in the audio pack. On the other hand, if

10 the difference is less than 8 bytes, in step S15 the
audio packing unit 15 stores stuffing bytes into the
packet header of the audio pack. After this, the
processing proceeds to step S6 where the virtual
presentation time t is incremented, before the

15 processing enters the loop of steps S3 to S6 once again.

Since the audio encoding buffer 2d stores the
plurality of sets of audio frame data encoded by the
audio encoder 2c¢ in the order in which they have been
encoded, the audic packing unit 15 may judge whether the

20 next audio frame data to be stored has been partly
stored in the immediately preceding audio pack data size
of the audio frame data in the audio encoding buffer 2d
by referring to the data size of the audio frame data in

the audio encoding buffer 2d.

25
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20

(2-2-2-3) Procedure for the Partial Deletion of a VOB

The control unit 1 performs partial delete
operations using a standard function for accessing a
data format standardized under ISO/IEC 13346. The
standard features provicded by the control unit 1 here
refers to control of the disc access unit 3 read or write
data onto or from the DVD-RAEM in directory units and file
units.

Representative examples of the standard functions
provided by the control unit 1 are as follows.

1. Having the disc recording unit 100 record a file
entry and obtaining the file identification descriptor.

2. Converting a recorded area on the disc that
includes one file into an empty area.

3. Controlling the disc access unit 3 to read the
file identification descriptor of a specified file from a
DVD-RAM.

4. Controlling the disc access unit 3 to record data
present in the memory onto the disc.

5. Controlling the disc access unit 3 to read an
extent that composes a file recorded on the disc.

6. Controlling the disc access unit 3 to move the
optical pickup to a desired position in the extents that

compose a file.

The following is an explanation of the processing

of the control unit 1 when performing a partial delete
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Fig. 28 is a flowchart showing the processing when
performing a partial delete of a VOB. In step S21 of
this flowchart, the control unit 1 first renews the VOB
5 information and PGC information as shown in Figs. 17,
1834, and 18B, and updates the file entries.

In step S22, the control unit 1 refers to the
relative address of the VOBU that is given in the time
map information, and specifies extents that correspond

10 to the VOBUs that compose the deleted area. Here, the
deleted area may correspond to one extent, or to two or
more extents. The reason a deleted area composed of a
plurality of VOBUs may correspond to a plurality of
extents is that an AV file is divided into a plurality

15 of extents completely independently of the structure of
the VOBUs.

After the extents have been specified in this
way, the processing advances to step S30. Step S30
marks the start of a loop composed of the steps from

20 step S23 to S29 that is performed for each of the
specified extents.

In step S23, the control unit 1 determines
whether the deleted area is positioned at the start of
the specified extent. Fig. 29A shows the case where the

25 deleted area is positioned at the start of the specified

extent. When the deleted area is at the start of an
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extent as shown in Fig. 29A, the result "Yes" is given
for the judgement in step 323, and the processing
proceeds to step S24.

In step S24, the logical block length of the

5 deleted area is added to the recording start position of
the specified extent and the logical block length of
this extent is reduced by the logical block length of
the deleted area. By doing so, the control unit 1
updates the recording start position and extent length

10 from those indicated by the broken lines in Fig. 292 to
those indicated by the solid lines.

In step S25, the control unit 1 judges whether
the deleted area is positioned at the end of the
specified extent. Fig. 29B shows the case where the

15 deleted area is positioned at the end of the specified
extent. When the deleted area is at the end of an
extent as shown in Fig. 29B, the result "Yes" is given
for the judgement in step S25, and the processing
proceeds to step S26. In step S26, the logical block

20 length of the present extent is reduced by the logical
block length of the deleted area. By doing so, the
control unit 1 updates the extent length from the broken
line shown in Fig. 29B to the solid line.

In step S27, the control unit 1 determines

25 whether the deleted area is positioned midway through

the specified extent. Fig. 29C shows the case where the
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ﬂ deleted area is positioned midway through the specified
extent. When the deleted area is midway through an
extent as shown in Fig. 29C, the reéult "Yes" 1is given
for the judgement in step S27, and the processing
5 proceeds to step S528.

In step S28, the control unit first registers the
stream data that exists after the deleted area in a file
entry as a new extent. The control unit 1 then
registers an allocation descriptor in the file entry.

10 This allocation descriptor has the first address in the
AV data that follows the deleted area as the recording
start position and the data length of this remaining AV
data as the logical block length.

Next, in step 529, the recording start position

15 of the original extent is left as it is, and the logical
block length written in the allocation descriptor for
this extent is reduced by a sum of the logical block
length of the deleted area and the logical block length
written in the allocation descriptor in the new file

20 entry.

When the result "No" is given in Fig. 27, the
specified extent is to be deleted in its entirety, so
that the processing proceeds to step $S31 where the
extent 1is deleted.

25 By repeating the zbove loop process for each

extent specified in step $23, the control unit 1
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9&09@’(bév%%ﬁémgfﬁéﬂ\%VEMﬁ@éﬂbacks in a VOBU is a non-integer
multiple of a set of audio frame data, a padding packet
5 or stuffing bytes are inserted into a pack to make the
boundary between VOBUs match a boundary between sets of
audio frame data. This means that so long as a partial
delete is performed in VOBU units, there is no risk of
the partial delete leaving only a former or latter part
10 of a set of audio frame data. As a result, by updating
management information such as file entries in units of
VOBUs, a recording apparatus can easily perform a
partial delete.
Even when notification of the storage of the
15 final video pack in a VOBU is suddenly received, the
process for inserting a padding packet or stuffing bytes
into packs can instantaneously have the boundary of
VOBUs aligned with a boundary between sets of audio
frame data using a technique defined within the buffer

20 control method of the audio packing unit 15.

Second Embodiment

The second embodiment of the present invention
focuses on the storage of sets of audio frame data in
25 packs at a ratio of one set of audio frame data to one

pack.
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10t &<10% & 109%&' () - & 10%& ()-! @ 109& ()-9f ' 109&' ()-$109& ()- 10t
10t b=bj bcJccc} " ?KieltiPer part of Fig. 30 shows the VOBUs
109 () - '!1109%& ()-!109%& ()-!VodO%& ()-!9%d0% ()-10%& ()-cWidddddedBK7
10t ! | f 2sgtodRced v 0Bl tyipleoung) apd@e packs and video packs.
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10&x10%&L 13- 8 W/@wkf? 1095825}(1935Ef'v@)3}@‘?gxh8\ et caredory (Hhei. %d0%R (
)-!s. %0%@e& () - % 0% ()-3
arrows that extend from the audio frame data Z, showing
that this pack only stores the audio frame data Z shown
in the lower part of Fig. 30. If only the audio frame
data Z is stored, an unused area 1s left in the audio
10 pack P6l. To fill this unused area, a padding packet is
inserted into the audio pack P6l.

In the same way, the audio packs P62, P63, P64
shown in the upper part of Fig. 30 are respectively
indicated by the arrows that extend from the sets of

15 audio frame data 2Z2+1, Z+2, Z+3. This shows that these
packs respectively only store the sets of audio frame
data Z+1, Z+2, 2+3. Since only one set of audio frame
data is stored in each audio pack, unused areas are left
in the pavyloads of each of audio packs P62, P63, and

20 P64. To £ill these unused areas, a padding packet is
inserted into each audio pack.

Fig. 31 shows how the state of the buffer changes
due to the VOBUs shown in Fig. 30. The bottom part of
Fig. 31 shows the same VOBUs as Fig. 30. The middle

25 part shows a sequence of audio packs that is obtained by

separating audio packs from the VOBUs shown in the
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O%Z&() %%g£6§§:£%" cé@%?%é%"lﬂ%ﬂ&é%ket header and falls at
the PTS given to the pack header of the pack. This
shows that the input of each audio pack that stores set

10 of audio frame data into the audio decoder buffer is
completed by the presentation start time, at which point
the audio frame data in the audioc pack is decoded.

With the present embodiment, only one set of
audio frame data is stored in each audio pack, so that

15 the simulation of the buffer state using the virtual
decoder buffer 16 is no longer necessary. This means
that the construction of the system encoder 2e can be
simplified. The scale of the audio decoder buffer can
also be reduced to the size of one set of audio frame

20 data, which reduces the manufacturing cost of the
recording apparatus.

The present invention has been described by way
of the above embodiments, though these embodiments are
mere examples of systems that are presently expected to

25 operate favorably. It should be obvious that various

modifications can be made without departing from the
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5 escribed as being a device to be used in place of a
domestic non-portable video tape recorder. However,
when a DVD-RAM is used as a storage medium for a
computer, the following construction is also possible.
The disc access unit 3 may be connected to a computer
10 bus via a SCSI (Small Computer Systems Interface), an
IDE (Integrated Drive Electronics), or IEEE (Institute
of Electrical and Electronics Engineers) 1394 interface
SO as to operate as a DVD-RAM drive. The components in
Fig. 22 aside from the disc access unit 3 may be
15 realized by computer hardware, the computer OS5
(operating system), and application software that is run
on the CS.
When doing so, the procedure shown in the
flowchart in Fig. 27 whereby the audio packing unit 15
20 uses the virtual decoder buffer 16 to simulate the
buffer state can be achieved by a machine language
program. Such machine language program may be
distributed and sold having been recorded on a recording
medium. Examples of such recording medium are an IC

25 (1ntegrated circuit) card, an optical disc, or a floppy

disc. The machine language program recorded on the
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15 (c) The embodiments describe the case where one video
frame and one audio frame are used as the units.
However, there are cases where one picture is 1in fact
depicted using 1.5 frames, such as for a video stream
where 3:2 pulldown is used with images for 24 frame per

20 second being subject to compression in the same way as
with film materials. This invention does not
effectively depend on 3:2 pulldown, so that there is no

particular restriction on the frames used.

25 (ad) In the second embodiment, one set of audic frame

data is stored in one audic pack, although two or three

81



W [ NA41010&10&10& ; 10%&&' () - ,. YA0WSV&E ()-Y ,. Y%HO0% % & ()-Y

@/3%4.0%& () - @ @3%40%8e& ()- @"|[: NA41010 f4%0%R& ()- ! 10%&@-
LA%0%R& ()-m rL4%0%&F& ()-m s9109%R& ()- $109%&& ()-: W[ : NA4 My@002

0S( $10%C&C&' () - S($10% $° & ()- \y"%0%&0& ()- !'110%R& ()- ,Z"10%8& () -
9GL0%R&' ()-W SvU410 < t$10%%& ()- St 10%B&8E&' ()- $10%8&&& ()-10&10&810&
10%R&' () - , 90$109&& () -#A|[: vU410 Y O0%R&E&' ()- @ YWLOWRE () - @

WY%L0%& ()-@f, $10% &&' ()-: 0, $10%R& ()-: < t$10%R&8&' () - Ay| obU410
$10%8& (Ja1Q88&1 QREEIHEfEamel WBEEENL) nE WHOVES (Ir JOXAAUUE ) -

t. 1 109%R&&8& ()-W Y| [ bU4I0  109%&& ()- s109%&& ()- 10%&& ()- 310%&& ()- L
Y0%R& (dack)” UM dad YthhrbWHOs {A#LOESE ) thé cEPaS €y~ df IHOYRE () -
S109&& ()- = 10%R& ()- %W0%R& ()-%||[:bU4l0 F .@0%& ()- @ F10%& ()-
*3" 109R& (A io( bERMRE ()- &LO0%&R& ()- $S 10%&& ()-P|[:-410& ; 109%R& ()- 8
109&& ()- ,6 "1098& ()- 34!1109%&& ()- S2 109%&& ()- 0@ 109&& () - 3kbA410& 'y
109%"' s& ()- y!'10%'s& ()- yl0%' s& ()- f 10%' s& () -

8$10%' s& ()-10&10&?L~| [: A410& Y$10%' s& ()- f10%' s& ()- SF10%' s& ()- f
10%s' s& (9 f 1Q0s' sBe( Fir3tl @fsd s&eCondS|dmbddafhiedi 4 09B0IRVIACS,

""10%' s& ()- !'10%' s& ()- @O0%' s& ()- S, 10%' s& ()-

@10%' REG; 8ant| TA41ORr SBINYE e’ d)ved O m84{Y- corlidYs' s&de)s,

90! 10%s' s& ()- Y. 10%' s& ()- f,f#10%' s& ()-"TvU4l0 3 109%K&& ()-

L S109%k && () RoEShOTRES {dcNscalls BAOsts delysr ¥8ed) in the

78 10%' s& ()-TVN _|[:vU410  3109K&& ()- &&F"109K&& ()-Mf, 109K&& ()- ,#
109K &8 ERbAPIRERLE) CAB19UkEE P RIThyered &wBINvkELONhe V6SoUIMES. () -
F4! 1o%<&&'c§)- @63109K&&' ()- Y f2109K&&' ()- 3"109%&& ()- , vU410 109%&& () -
91 1098&™MAde s 189R&IERA $10%8&' () - 10k&10K&10k& ; 109&&&' ()-: 1Y{|[: vU410

' F109R& ()-, ,f10% & ()-, yYz109%R& ()- Z"10%R& ()- 9" 109%&& () -

1 3100&& ()-{M[: VU410 @Y%A0%R& ()- (!109@& ()- & 109%&& ()- $109R& () -

f"MP1OYR&' - | I T10%R&' -5 cvWu410 73109%&R& - .5t $109%R& -
o 10980 20 fovad)  seR0el g Conce T A e )
04 00 " (Y- Y%0% =% & () - 0 () - - 109%R&' () - v [ _
oo o bR b o 2RGRe R SR B i)
9%4.00 () - <nv _ UR& (Y- Sl 10%& ().- VR& () -
e A S A B e s Dodaar Dh oot teee 1) - o 10068 ()

8S10%E O 9 ThoRRS S A BRPRE () yi008& ()~ [ vislol  S68L0%a ()-
F4309&& ()- f2!10%& ()- OF"10%&R& ()- 3
(g) The first and second embodiments describe an
example where a DVD-RAM is used, although the present
invention is not limited to the use of this recording
medium. The same effects may still be achieved if any
20 rewritable medium, such as a hard disk drive or an MO

drive, is used.

Although the present invention has been fully
described by way of examples with reference to the
25 accompanying drawings, 1t is to be noted that wvarious

changes and modifications will be apparent to those
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audio packs, each audio pack including audio data of one or more complete audio

frames and no audio data of incomplete audio frames.
2. An optical disc as claimed in claim 1, wherein the predetermined range has a
value such that a total presentation .period of all of the sets of picture data in a video
object unit is no longer than one second, the video data includes picture groups and
each picture group includes at least one set of picture data that has been intra-
encoded, and said each video object unit includes at least one complete picture group.
3. An optical disc as claimed in claim 1, wherein one or more of said audio packs
include one or more stuffing bytes.
4, An optical disc as claimed in claim 1, wherein:

one of said audio packs includes one or more stuffing bytes when a length of
the audio data in said one audio pack is shorter than a total length of recordable areas
in said one audio pack.
5. An optical disc as claimed in claim 1, wherein:

one of said audio packs includes one or more stuffing bytes when a difference
between a length of said audio data in said one audio pack and the total length of
recordable areas in said one audio pack is below a predetermined number of bytes.
6. An optical disc as claimed in claim 1, wherein said video object units are a

minimum unit for deletion from said optical disc.
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muitiplexer onto the optical disc as a video object.

8. A recording apparatus as claimed in claim 7, wherein:

said multiplexer is operable insert one or more stuffing bytes into an audio pack
to ensure that the audio data in each audio pack is composed of audio data of one or
more complete audio frames and no audio data of incomplete audio frames.
9. An optical disc recording video objects that are each obtained by multiplexing
an encoded video stream including a plurality of sets of picture data and at least one
encoded audio stream including a plurality of sets of audio frame data, each set of
picture data being a unit for decoding the video stream, each set of audio frame data
being a unit for decoding the audio stream, and one or more recording areas on the
disc being managed as a file,

each of said video objects being divided into a plurality of video object units,

each of which includes complete sets of picture data that can be independently
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each set of audio frame data being a unit for decoding the audio stream, each video
object unit including complete sets of picture data that can be independently decoded
and one or more sets of audio frame data, the method comprising the steps of;
encoding input signals received from outside to successively generate sets of
picture data and sets of audio frame data;
successively multiplexing the generated sets of picture data and audio frame
data to successively generate a series of video object units that comprise a video
object;
recording the video object in one or more recording areas managed as a file
using a file system program with the video object units being recorded as aligned

portions in sequence within the file, characterized in that each video object unit has a
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10%E&& (Qtéred in a pack is shorter than the length of the pack, inserting one of a padding
packet and stuffing byte(s) into the pack.
11. A recording method according to claim 10, wherein the recording step records
the video object onto an optical disc.
12. A recording method according to claim 11, wherein the file system program is
recorded on the optical disc.
13. A recording method according to claim 12, and comprising the step of re-
recording a video object by using the file system program to control the over-writing
one or more existing video object units with new video object units.
14. A recording method according to claim 11, and comprising the step of re-
recording a video object by using the file system program to control the over-writing
one or more existing video object units with new video object units.
15. A recording method according to claim 10, and comprising the step of re-
recoding a video object by using the file system program to control the over-writing one

or more existing video object units with new video object units.
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means for recording the video object in one or more recording areas managed

as a file using a file system program with the video object units being recorded as

aligned portions in sequence within the file, characterized in that each video object unit

has a length within a predetermined range and stores sets of picture data that can be

independently completely decoded and one or more sets of audio frame data, the
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means for arranging said one or more sets of audio frame data into audio
packs out of said plurality of packs such that each of said audio packs includes audio
data of one or more complete audio frames, an audio frame being audio data that can
be independently decoded, but does not include audio data of incomplete audio
frames; and
means for monitoring the length of the audio frame data and activating means

for inserting one of a padding packet and stuffing byte(s) into the pack when audio

frame data to be stored in a pack is shorter than the length of the pack.
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