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DESCRI PTI ON OPTI CAL DI SC AND COVPUTER- READABLE STORAGE NMEDI UM = AND
RECORDI NG WO 99/31888 METHCD AND APPARATUS THEREFCR  PCEIP98/0S617

FI ELD OF THE | NVENTI ON The present invention relates to an
optical disc that records MPEG (Moving Pictures Experts G oup)
streans in which video streans and audESCRIPBEON have 10 been

mul ti pl exed. The present invention also relates to a recording
apparatus, and a conputer-readabl e storage medi um storing a

recordi ng piggiéRn, bisc mﬁ COMPERIR-AESDABLE STORAGE RIXDIGROAND RECORIENG

| NVENTI ON 15 MaWETROD ANDKPPARATUSTHEREFORs are not satisfied
with merely viewi ng video i mages and want to freely edit t he content
of recorded i mages. When editing images, a user may del ete an
unwant ed section froman MPEG streamthat has been 20 obt ai ned by

mul ti pPexi ng one or nore video streans and audi o streans. Users may
al so change t he reproductlon order of an edited MPEG stream as
desired. =~ FIELD THE | TINVENTION that handl e MPEG streans |ike a

conput er handl es fi have heen-.subject to asin 25 tte n for
their role in the rbﬁﬁ 2t F8R™ 1[1% fition rhtc?ﬁasf cﬁrﬂ)ngp ribé
above. The %ﬁ% Eéégrds 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
audio streams. Users may also change thé reproduction

- order of an edited MPEG stream as desired.
-File systems that handle MPEG streams like a
computer handles files have been subject to increasing

25 attention for their role in the realization of the

editing functions described above. The term "file



systemt is a general name for a data construction for managi ng t he
areas on a random access storage nedi um | ike a hard disk drive or an

optical diwegg9sfsspne example, file systens standardi zpdrygpsirreiySQ | EC
5 (I'nternational Standardi zati on O gani zati on/ | nt er nati onal

El ect r ot echni cal Cbnnission) 13346 are used to store MPEG streans in

files. stem" e a1 b2 bR S Iddist PALLIGH SedPEC

streans ar é, manage USI g nanagerrent ornmatl on director Yy

fil d f h t t
iles an escfﬁ%rtﬁ% ardad hgfce Fdidén acces®’ gtyofagleuel@%}ﬁ;&epafa e

aIIocatlon tor for each extent that conpose Each

al | ocation j4RS4 IRARH disk APEYEIRY ad agpHEakal %ks@unbﬁg GrY) show ng
t he recordi ng position of an extent in the file and an 15 ext ent

I ength shewangpide Fenet pdtéms gtta@niardﬁxed undewdpsorgeiche | ogi cal
bl ock nunmbers (LBN) and extent | engt hs, | ogical sectors on a disc

nedi gm can kA iatsonal Stamedrdizatiniedrganiba onapl es the user to
partially delete data in units of |ogical sectors. 20 When

a user paChitaidnatitbatds ElredPESrerhedmal Commieysdde DBBYBUESE| et abl e
unit is one |ogical sector of 2,048 bytes, decoding may not be
possi bl e tiged o storer MREG i sfrearso igt rEhbesnd/ or audi o stream
This problemis caused by the partial deletion 25 bei ng perforned
wi t hout consi der afnosuchtaefadeuaystem, ameudilds VPREtS tatamre dAMPEGSt or ed
I n each | ogi cal 2

streams are managed using management information called

10 directory files and file entries. Of these, a file
entry 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



sector. For DVD Standard, data is recorded as conpressed NPEG streans
according to MPE&R St andar d. The data size of each pack_t

recorded onWe 9%PEs88s set equal to the |ogical sector S|E€T’JP98§’56"

As a result, one pack in an MPEG streamis ‘recorded in each | ogical
sector. Here, a pack refers to a unit of data in an MPEG stream
Under MPEGsedien. For sPYBaftadqifineddi 6adia ebfsraconfeddas into data

di visions of a predeternined size. These data divisions 10 are then
converted|QQmPp§§$@QsMPEGgﬁG@ﬁ%EFo¢C§ﬂ§4%n9 to MREG2 patrBAand. 3 pack.

Packs are %gyen time stanps data transfer of the MPEG stream

nmeki ng pack$e ndata size °fu§@dﬂ'¥ Pagkt £ ReisFerordedh ewvpa OVR el $s
one-t o-one correspondence between packs apd packets. In this data - 15
const ruct | &€t oREURAC @?sﬁé’%Q$ns§ IHatkZ€-Vi deo packs store

o vigGd data Lo ULge K PLELUCE o g G B Bt ep 2. )
P Coency aeaEObH S LORECTHAGAL ohee i GRS, ¥ pREkBaedfs o
o TR L AVE B IR ERE, o xog TR 1
Com ¢35 O 3L 8 ana ATMEE S, 0BAY SRR UL Baggeine ans 2
the divisions of a predetermingd size. These data divisions
10 are then converted into packets. A grouping of one or
more packets is a pack. Packs 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. 1In 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 (P), 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



managenent i nformation, video packs that store one frane of picture
data may be partially deleted. If B pictures or P pictures that refer
to the parnyoaybigssiel eted frane of picture data renmai npcTopmmseg of
such pictures wll 5 no | onger be possi bl e. ~For audi o,
audio frame data for a plurality of frames is stored in one audio

pack. Her paifRfeméhe E@FOrmationjudiididd apRcHat hatef ££6rko drte eramMat of
audi o data that is reproduced for one audio franme. This is 10

gener al | yofaldiattw@pe" dates mani bé. pardrizll fPEE1sierun If B gildtsurést he
m ni mum uni t. for both decodi ng and reproducti on out put.

To give speciH ipiexarpsethd| bgfACS teettitvsl paetially delears |fRawhd of
32nmsec for the encoded audio stream 15 while MPEG uses a frame | ength
of 24msecofapd diflfbe data Heémakn; Eecoddiugleofbsulch iph¢tures avilhne

| engt h of approximately 1.67nmsec (1/600sec to be precise). Since

t he bBitrahe demgetecbdi ppsaiddbefrane data for Dol by- AC3 i s 192Kbps,
the size of one set of audio frane data is 20 768 (32nsec*192Kbps)

byt es. ForWaardioadangisudfvame adetéatfor na oppuatasl ittheof

payl oad size of a pack is subject to a maxi mrum size of 2016 bytes.
For Dol byfse®es his Btoges nign-pReegiidio packa| ulegieafeen,t ithe tewmaudi o
frame data size. Since 25 t he payl oad size is a non-integer multiple of
t he audi o"audio ffpaBedgedas Zefarsi dindhacamound QF candipt dafts of

that is reproduced for one audio frame. This is
10 generally called én "access unit". For an MPEG stream,
this is the minimum unit for both decoding and
reproduction output.
To give specific examples, Dolby-AC3 method uses
a frame length of 32msec for the encoded audioc 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
payload size of a pack is 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



t he payl oad size of the packs and storing the data di visions in order

in packs will result in certain sets of audio franme data extendi ng
over a bounwfr99/33888ween “audi o packs. 5 The uBGEIPIASE1701
Fig. 1 shows exanple audio franmes. In Fig. 1, each section between
the "<" and ">" synbols is an audio frane, with the " synbol

showi ng thet paydressdns oo Stahe packsmhdhstoxrimsynbhe saté ng

the presentation end tine. This notation for audio 10 frames is al so
used in thedivibdwngg thaeicdgyr imhpacks wiauli vesudrie dat aerh@irshoetd be
reproduced (presented for an audio frame is inputted into a decoder
bef ore the of audjrce e data #xtenddng averaadicoundary Detsreeni o
frame data shoul d be taken out of the buffer by the 15 decoder at the
present at i GLdiar pagke. The lower part of Fig. 1 shows an
exanpl e of how the audio frame data to_be_reproduced in each audio
frame §s stored i n B yppRkPark off F¥Jguleshanws exampdgdiaudiane data
to be reproduced for audio franes f81, 20 82 is stored in audi o pack
A71, the addfdmesame HatBig- 1, reachugestionebetween sklaeed<$"n andi >

pack. A72, an audig franme data f udig frame f86 is stored in

the r 4
audi o s¥£§99§733 an audio framge ﬁiﬁh)? &ne <datHeP La gk Rdne

(83 12 25 odl el belveen U suofoppack 472 LI o, 15} 200

° the presentation end time. This notation for audio

10 frames is also used in the following drawings. The
audio frame data that should be reproduced (presented)
for an audio frame is inputted into a decoder before the
presentation start time of the audib frame. This audio
frame data should be taken out of the buffer by the

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 f£81,

20 f82 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 £86 is stored in audio
pack A73.

The audio frame data for audio frame f83 is

25 divided between the audio pack A71 that comes first and

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



the audio frame data for audio frame f85 is divided bet ween the audio
pack A72 that cones first and the audi o pack A73 that cones | ater

The reasoRryd besRegli O frane data to be reproduced for popJeussa17frane
S 5 di vided and stored in two audi o packs is that the boundari es
bet ween audi o frames do not match the boundari es between packs. The

reason thaheSUsiiio £rali@lREa C8of0 aReli o1t flmbS FUFALI 4 haigalR @t ruct ure
of packs under MPEG standard is totally unrelated to the 10 dat a

struct urepgwaig Oc§er 8880 pack A72 that fcémear idiaddstlehfll @meoper ation
i n |logical sector (pack) units is performed by updating the file

nmanagemenaugRio Bk OAT7B that Sedémek dudiex f r aTRed@leson the€whiRIih ng over
a pack boundary as shown in Fig. 1, a set 15 of audio frane data that
extends ofeame REcka bbunder yweprodutkat for kene hadider§rime tilge partial
deletion wll be changed. As a result, one part of the audio frane
dat a5 divilded eahdcatedad inpewk Buatio spavkagds dshdtintked"

while the other part will be located in a pack that is 20 managed as
"used". Pouadamies obetween dudidi firamese do notdatatdelathext ends over a -
pack boundary is audio frame data f83 in Fig. 1. - MPEG
st andar d boupdaatisss t hatweetopaoksus Theeargason thad rspebduced from

beginning to end and uses a nodel 25 where the unit for decoding is one
set of audpundeariees do ngdr mabeloisi fat theedsder ForuspeGesidndard

per forns X 6 decodi ng under
t he preniBackigatunder pMEEmisTarGardndsoftotally unrelated to the
10 data structure of audio streams.

If a partial deletion operation in logical sector
(pack) units is performed by updating the file
management information with a set of audio frame 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



the continuous stream are the boundaries of a set of audi o frane

data. As a result, there is no guarantee that a decoder will be able
to correct| WM an audio 5 streamthat includes sets SCTAEMGIT ame
dat a whose beginning or end is mssing. This is due to the |oss of
sonme of the audio frame data needed for the decodi ng. To

ensur e t hatdenotiPBg simédem the (Erembdper lhhat thedbegdsthihgeard pandi olf
deletion, it is necessary to 10 first read the MPEG stream before the
partial deltheogontinuous séxeanecarpetirE®oundamiies ofi desgtackf and
audi o packs, and to re-encode the video streamin the area

out si de t haawdiet frameadatiaa WS t Bareswili estiesediiry no guagantee

possi ble. This re-encoding equates to a 15 reconstructing of GOPs. ~On
the other HamAt ghéegeder will frecahlendio j@orsertdgerdeceded an apdapy
di scarded, and t he remai ning audi o streans are not re-encoded. Note
that the diZeheadd thalk olngdades i s@Es ofc auddPnixgme datgamwhose
partially del eted sets of a%QLo frane dat a. re- encodi ng,

the audi 0 PRREINBARYiHeoSD ls[ﬁ&§§1§9elnﬁégﬁléﬁe@qﬁﬁfgfggﬁw¥ﬁm%e°§n
Tanagerent RS At (Wi | Sedarate data hecdedn i FHT eqaLGN | s
o T Lt Pl el SRR et Bk BLMPRG: eharem (aRdBeoREpPeELY ©
! . decode R PAANE LORARPAL P Y81 I S | 5110130 EEE8ET S SN
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 is merely discarded, and
the remaining audio streams are not re-encoded. Note
that the discarded audio data includes the remaining
parts of partially deleted sets of audio frame data.
20 After re-encoding, the audio packs and wvideo
packs are multiplexed again to produce an MPEG stream.
This is then recorded on the storage medium and the
managenent 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



[ or reproduction apparatuses (hereinafter, "recording appar at uses")
that do not include the required hardware and software are not able

to perfor mypoavsiges del etion. 5 Since there is a great VvaCTOPYS/O5617
recordi ng appar at uses. that range from portable nodels to devices that
are installed in personal conputers, it cannot be said that al |

of such reeprid\iceppar dpisefatis .equediyi th 98, recor@dHd esngar dware
and software. 10 In particular, many recordi ng apparat uses that

are instal/bad deppedaetdor appaeatures ofhyreduafinsr, "recdddinde
hardware, software and file systemthat enable t he reproduction of
MPEG st r eapbaddtusel"3patidt cdo not harcllade @heé sdqueredr erdwarst s
exist for the 15 realization of partial deletion operations, only
certain and soffewavt eemomibhgabppartar yeenfbrmbpaatt al odedreftion .
partial deletion. This greatly [imts the opportunities wi th which
user§ of Spnicealthiézesiwi ld deeabl vawdety ofpretomdiyegt appadeibises
operations. 20 DI SCLOSURE OF THE | NVENTI ON . It is a
first objtbatofrangepfsompontanliromadels to gemiiars abhapt iac® di sc t hat
enabl es reproduction, apparatus that only have a function for updating
25 nmanagast@llied ot haPeditARA beEPBPMLEES patti sRdetbensaid that vPEG

streans. At .the same tine, the present

8 all of syGRnrE&PRIIRIt BPPASATIESSS r 886 SLRPRdr widkdh 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



recordi ng method, and a recording programthat record t hese MPEG

streans onto an optical disc. The first object of the esent
i nvention cMP 9818885  achieved by an optical disc for recordPREIE?

obj ect s that are obtained by nultiplexing a video stream

including a plurality of sets of picture data and an audi o stream

i ncludi ng dmventliony aimseto grewide a recording émRaratuls,vialeo obj ect
conprising a plurality of 10 vi deo object units whose |l engths are within

a pr eRERrHined MeRged, amnd s hrercesslighy eprogianm skbatngecord
conpl ete sets of &ﬁgture data and conpl ete sets_of audio frame data.
Wth the stthegec¥PRG REreamse /A9 aBooBjieal d§sCynit includes a

plurality of conplete sets of audio frame data. Provided a parti al

del eti on oper at | on ".;‘Ige firstpbpered ot m‘FtEr@Sq}'}TﬂeanSMO%n‘F§§ benere

IS no ris artial deletiqgn ation | eavi a, forner or
| at t er? par taqﬁlﬁ"@é]t ARdPE T GHE %h? P4 h’éeGBFééé!gg vhdeogiakeckpnce

no unwant e arts of o fra dat t, of -the disc, the '
partial deltdbnd&f §ﬁ§€%lﬁﬁpeggé ftlpiéﬁ“ﬂﬁgp%rV&Fﬁﬁﬂ SFFRET: needing to

de t.h t Si th tial dI t
oper ation cdie baAEamI2RERE S L ?/fuﬁﬁg'ﬁ HE bCEusY B2fa Sndhan | "
i nf or mati on | unlés of v rt|aI E|etl

oper ot one BEhiassFedm HFIHAET @ Bilality oB¥SEE S
vari ety Offfﬁﬁédhggdﬂngﬁéﬁu%%%eo 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 audio 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



Here, picture groups may be forned in the video stream each picture
group including at | east one set of pi cture data that has been

i ntra-encoglode/zmegl each video 5  object unit may i ncl udepet/ypssaggi7one
conpl ete picture . group. Wth the stated construction,

each vi deo obj ect unit includes a plurality of video packs that

conpose avariet-i§fug@dyfagtha?b@fgﬁh§gggp i ncl udes a set of 10
pi cture data that has been intra-frane encoded, so that as long as a

recording appar at HerRs' fi9f GBuePyridigds may be!RSFREAORE HHO N ifebNi s of
vi deo object units, no pi cture data that depends on deleted data w |l

be left stream, tdéechppictiusik sgrodp dnebuliingPaAPHed €0 6decCtded of5
is guaranteed for the picture data that is left on the optical disc

after theppathird datat thvatogesat been THhitsra—-encodel)s dhdt eaetordi d€o
apparatuses can sinply perform partial delete operations by nerely
updabi ng thgect unibnmggnemicluder et ilmasth ohdeconpkete upitture0
BRI EF DESCRI PTI ON OF THE DRAW NGS These and ot her objects,
advant agegremp .f eat ur es of the invention will becone apparent from
the foll ow ng , description thereof taken in conjunction with the 25
acconpanyi ng draWwlagd tthe statied stanstrpetibne each viadedi mbieot t he
i nvention. In the Draw ngs: i ) _ 10
Fig. 1 she@dthdwakidess aapdivralih¥ @fi #ideo 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
description thereof taken in conjunction with the
25 accompanying drawings that illustrate a specific

embodiment of the invention. In the Drawings:

10



extend over pack boundari es; Fig. 2A shows the outward

appear ance of a DVD- RAM disc that is the recordable optical disc used
in the 5 WOeHEBnents of the present invention; PCT/IRS8(95613 8
shows the recording areas on a DVD- RAM Fig. 2C shows the
cross-section and surface of a DVD- RAM cut at sector |evel;

Fig. 3A shows the Fings 0 shdd dnow BERRANf ab@io frame datp SBnshows
the zones 0 to 23 arranged into a hori zontal sequence;

Fig. 3C shamstehd bugirgbaskcboundambes;(LSN) in the vol une area

Fig. 3D shows the |ogical block nunbers (LBN) in 15 the volune area,;
Fig. 4A shows the digen2d shawse theaousstrrrddappearamcehofva upeDaRaM

Fig. 4B shows an exanple data structure of a file entry, 20
Fig. 5 shoskiscpthasdl ity Pressesasrdghpleupptdaal disc asedgsn ithali spl ay
order and a plurality of sets of pi cture data arranged in codi ng

order embodimentisy oS AtBRoRT @B RMRE ol PF@MHi £PAF chy of the | ogi cal
formats in the data construction of a VOB (Video 25 Obj ect) ;
Fig. 6B shows the B ealBf &hans ofhg werregbig areas on a DVR+RAM;s

arranged at the front of _a V%FU; Fig. 6C shows the |ogica
‘format of a video pak%- 2C showgithe fgossramgédon and sugfacs afvesu

DVD-RAM cut at sector level;
Fig. 3A shows the zones 0 to 23 on a DVD-RAM;

10 Fig. 3B shows the zones 0 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



Fig. 6D shows the logical format of a system 5 header
Fig. 7A shows the | ogical format of an audi o pack for Dol by- AC3

net hods; wo 99731888 Fig. 7B shows the |ogical format of parapsigasrack
for Linear-PCM nethods; 10 Fig. 7C shows the | ogical format of
an audi o pack for MPEG Audi o net hods; Fig. 7D shows the

| ogi cal fgﬂggjég érﬁéﬁbengt E@éd?%oﬁt kgt viogfler, and the audio frame
I g.

i nformati on; i S a graph showi ng the buffer state of

‘h dicd : . owng b =
e audi o degederg®ushgiss thet&ﬁglcal f@ﬁha@Abfsa@&%ﬁ%@Bﬁggwgng

the buffer state of t he vi deo er;

graph showhag tie hb8NahamPedodtokthe?krofachrset vidp®: ct ure data;
Fig. 10 shows how the audi o packs that store the audi o frame data

reproduced in a prdgal i) ghotedithe logithanTommsk t8e W dapsparks that
store the picture data reproduced in each video franme "shoul d be

recopded; hedder; Fig. 11 shows how each set of audio frane data is
stored in the payload of each pack when the total size _
12 gliigt.ne7 paghouss tife theghodilo fioatist | 0€! agedudie YEBY i s
an integer multiple of the audio frane data size; Fig. 12
shows howfeac Dasldyy-eAC3uthetHodse data is stored in each pack when
the total size of the payl oads
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. B 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
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5 of the audio packs included in a VOBU is a non-integer mul tiple
of the audio frame data size; Figs. 13A and 13B show exanpl es
of packs i rwaieps1sss paddi ng packets and stuffing bytes haRETAPISNOS617
respectively been inserted; 10 Fig. 14 shows a detailed

hi erarchy of the stored content of the RTRW managenent file;

Fig. 15 shofs tlwe pegdomddse| df dhe sgpedidi pdcks incdmaed henCavVSPBY is
CVEPTM in the cell information; Fig. 16 shows how VOBs are
accessed usmgirt®Gexr mitltiple of Rilge anddlmvErame pattg sigeef the cells
shown in Fig. 16, that corresponds to cells subjected to parti al
deletion using cro®Ridat ¢Ri sfyows how each setgoflsudhowframedaEce is

bl ocks on a DVD- RAM are freed to becone unused areas as a result of a
partial 26toxkdeinogadhatpPacks whem i wher f@tiah #2ze of the paylgads 18B
shows exanpl es of the VOBs, VOB informati on, and PCC i nformation
after 5a pacdi athe audigeiracks: included in a FQBU iSAanMPneRnEege/OBU
#i +1 and VOBU #i +2 25 before and after a partial deletion;

Figs. 20A awdiBlenhed ke ap }Oarffjrmudﬂtaz size;

13 before ang after i Bar&{ del et i on;

shows an exanpl e c&HIYur atPorRRA show s%%%@ﬁlﬂ%toﬁsﬁélcﬂ(ﬁe Jrréc‘éhéiphg

appar at us %Léé&ngrggztets and gP“%%lng bytes have respectively

been inserted;
10 Fig. 14 shows a detailed hierarchy of the stored
content of the RTRW management file;

Fig. 15 shows how video fields are specified
using the C V.S PTM, 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+l1 and VOBU #i+2

25 before and after a partial deletion;

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

13



5 Fig. 22 is a block diagram show ng the hardware

construction of the-DVD recorder 70; Fig. 23A shows the
const r uctioon/sitéss MPEG encoder 2; Fi 9. p&3iaredresss7 t he

i nternal construction of the 10 system encoder 2e; Fig. 24

IS a representation of when a boundary bet ween VOBUs mat ches a

boundar ybdepreecarsbisfoérandipartial Heaeribia Fig. 25 is a

representation of when a boundary 15 bet ween VOBUs is made to match
a-boundary bet weeigseps shows chnaesiamplen€of i guaatei 68SBiEt 20f the

generation of an audi o pack that transfers only a remaining part of a
set systeauthatf resesdehe treddedind apteccaensboff &llie present --
Fig. 26A shows that a final set of audio frane 20 data is only partially
stored vrewedtBoof; audio franme - data is stored-in the audi o decoder
buffer; Fig. 26B shows the buffer state when control is
--perJorned to pr&bdmt 2Reismud doleckddiagrdrer showing thebbhaodwagdul |; 25
Fig. 27 is a flowhart that shows the procedure . by which the audio
packi ng agnstrscidesnr eEsthecPyDuteeorder 70; f 14
sinmul ating the audi o decoder buffer; Fig. 28 is a flowchart

showi ng t he proddssi ng3Roshows thaecpaatizuchieat the MPEGVeBcoder
Fig. 29A is a representation of when the del eted 5 area is positioned at
the stard’ of an extent;

Fig. 23B shows the internal construction of the
10 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
. 15 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
20 data is only partially stored when 4KB of audio frame
data is stored in the audio decoder buffer; o
Fig. 26B shows the buffer state when control is
performed to prevent the audio decoder buffer from
becoming full; -
25 Fig. 27 is a flowchart that shows the procedure

by which the audio packing unit 15 generates packs while

14



Fig. 29Bis a representation of when the del eted area i s positioned
at the end of an extent; Fig. 29Cis a representation of when
t he del et edw099/31888rea i s positioned m dway through an extent PCT/J98/05617
Fig. 30 shows the case where one set of audio frame data is stored in
each pack; and Fig. 31 shows the changes in the buffer state
that are caigedlayirike tEBUausliovdeool8eg. MBiffer;15 DESCRI PTION OF THE
PREFERRED ENMBODI MENTS The following is an explanation of an
opti cal di sc Bigl. a28edcs da nfjlepcdraat tusshbatingy ecleebpdionmdsing for
the present invention. This explanation refers to the acconpanyi ng
drawi ngs. t2te partill sdeEebddimeof a VOB;(1-1) Physical Structure of a
Recordabl e Optical D sc Fig. 2A shows the external appearance
of a DVD- RAMBige 2R3 i3 a repaasantabponc#if dvken Adhe 2xdeletksn
in this drawing, the DVD-RAMis | oaded into a recordi ng apparat us
havi nd beeraggacés pDavibiened iadgethe start of an extent; 15
75. This cartridge 75 protects t he recording surface of - t he. DVD- RAM
and has a shutter Wigha9%drs anyepreaantation of whew shesielotese
DVD- RAM encl osed i nsi de Fig. 2B shows the recording area of
a DVD- RAM amea Hﬁs@os¥%lgﬁéﬂ1qq1F%% ?HﬁﬂQf AR eCHYBIYAM has a [ead-in

Fig. 29C is a representation of when the deleted
area is positioned midway through an extent;
10 Fig. 30 shows the case where one set of audio
frame 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

(1-1) 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

15



area at its innernost periphery, a |lead-out area at its out er nost
peri phery, and a data area in between. The | ead-in area records the

necessary webnsiggge signals for the stabilization of per/gmyessguri Ng
access by an optical . 10 pi ckup, and identification signals to prevent

conf usi on with other nedia. The | ead-out area records the sane

types of ¢6fer aipes skgpaks e 118 beatddt €% FB®ordin d@h? cf?’?f

meanwhile, is divided into sectors that are the sm Ies

uhi ch acogRs DYD-EABVDaRAMHzS d5shukesy b6, th'a-'er Bpdille $hae cllogith

sector is set at B. Fig. 2C shows t cross-section and

SUrfaCeO{anallow é&@éBéMﬂaﬂtﬁé DVD-RﬁMkﬁnéiogeaegﬁgldéﬁ shown in the
figure, each sector includes a pit sequence that is formed in the

surface of a reflBiygiveH ishowsutheaxrecoZ@ingmarda fofm avb-RaM
concave-convex part. The pit sequence includes

0.4[%rr] niis87[ exd rsipown timtthe figare,cathedDVD-RAMIGSSr ateaef-ihe
DVD- RAM t o show t he sect or address. ~ The concave-convex
part inclazea atcdricsmvenpermosis peraphedys "ayrbead-oartd srsanaex inay t
called a "l and". Each groove and | and has a recordi ng mark conposed
of a outermost periphery, and a dat@ area in betwesmal Them
attached to its surface. This netal filmis capabl e of phase change,
meani ng theadrha rae@eﬁdrﬁgom the neggsssey weferenics |signaiat €aar a
non-crystalline state ifpendlng on whether the netal film has been
exposed tthe stabilizagtieBa@f aiseHVOhduLimecacaesge kshancoptisalc,

data can be recorded into the concave-convex part.
10 pickup, and identification signals to prevent confusion

with other media. The lead-out area records 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 is
formed in the surface of a reflective film, such as a

20 + metal film, and a concave-convex part.

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

The concave-convex pért 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



VWiile it is only possible to record data onto the | and part of an MO
(Magnetic-Optical) disc, data can be recorded onto both the | and and
the groove Wex998188 a 10 DVD-RAM This neans that the recBFHTPR§08&sity
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 speci metzal ofiilemcdtgachedftdeits surdsEters Thdts imegaltefidm EOS
(Error Correcting Code) is 15 cal l ed an ECC bl ock. On a
DVD- RAM t lcap@bheanda phadevichahge, speanding thatzahs recosrdinge mark
rotation control called Z- CLV( Zone- Const ant Linear Velocity) during
recordi ng can bendir eprodystadd.ingostate or & ponsaryebeliiaeistatety
of zones provided on a DVD-RAM As shown in the figure, a DVD-RAM i s
divided depend2ng @eswhstberedheonmetadonkl . hegclheRmecrposed to
group of tracks that are accessed using the same angul ar velocity. In
this dénbodigrehightabeane Padngdshisgphase changRs ChagrcEerdstoru

angul ar velocity of the DVD-RAM | is set separately-for each zone, and
i s hi gher tdata can be recorded into the concaye-convex part. ¢|oser a

borS L en G a0 teh RSk BRARISTY 5 Hra.ancd HaRlhthdth, o
Fai sce t he DAEE Sfagt d%g Mersiilt STOPRICHID. rahPand ois IPem B8 T
rotation C%%éé&dggﬂégkéeggiﬁ'%%é”fgﬁgpg%gK%ﬁgngroove parts of a
10 DVD-RAM. This means that the recording density of a
DVD-RAM exceeds that of an MO disd. 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) is
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 diwvided
to 24 zones numbered zone 0O~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

is set separately for each zone, and is higher the
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Fig. 3B shows a horizontal arrangenent of the | ead-in area, the
| ead-out area, and the zones 0-23 that are shown in Fig. 3A 10

The | ead- iwoapaisggnd | ead- out area each include a def peir/spsimgeent
area (DMA). This defect managenent area records position information
showi ng the positions of sectors that include defects and replacenent

posi tion o]oser NhOLBRE G5 ShORhEEAVMIY Retiet mﬁn&ctﬁéﬁﬁﬁew d£
repl aci ng defective sectors are present in any of rep acenent

areas. disc. Divikd®h z®Pethasdatiseiréseantio ﬂﬁ’éé' e8Asifres that
repl acenent area and an unused area that are provided at t he boundary

with the e tcad ik eahsmevelra a28onsitia@it tvelbdia ywahenecan
use as a recording area. The repl acenent area is used to repl ace

def ecti vepeadfiorming acodss withidebedinvgleegbmes. arthisurdisee thesed
area Is an area that is not used for recording data. Each

unuséd ar eecaoddingcteded tyvoofrhhles DAB-RAM pandi dectibit8bes prevent

m staken identification of sector addresses. The reason for this is
t hat whi | rosedtiosn addnéseds during recording and reproduction. 18
recorded at a sane position in adjacent tracks w thin t he sane zone,
for Z-CLV the recBidi.n@dBoshowsng dforizontsdciagrrangenents ca?ethef f erent
for adjacent tracks at t he boundari es between zones. In
this way, leagois anaa,atdeaocteadeguito@niaa and theemmeagoeﬂ%ttmu he
boundari es between zones. On a DVD- RAM | ogi cal sector nunbers (LSN)
are conse@f€ whgwn in Fig. 3A. : :

10 The lead-in area and lead-out area each include a
defect management area (DMA). This defect management
area records position information showing the positions
of sectors that include defects and replacement position
information showing whether the sectors used for

15 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 is 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



assigned to physical sectors of the user area in order starting from
the i nner periphery. These LSN show only 10 the sectors used for

recordi ng dwo29/31888 shown in Fig. 3C, the area that recBFEJPPNSFITGat a
and includes sectors t hat have been assigned an LSN is called the

vol une ar ea. 15 (1-2) Data Recorded in the Vol une Area

Fi g. 4A shorectlrelecbraens stmaepaaificecarmeddijacent traeksolwitehanea of
a DVD- RAM The volune area is used for recording AV files
that are eatchecsamesezione, afisinrZztCLy dhe/OBscanding POsitRORY (®REal Ti ne
ReWitabl e) managenent file that is the managenent information for
the AV fil esector addressesTlareidiffgnanttforeadjacertgtracikhonat t he
video stream and audi o stream These streans are divided into the
payl oad si Zehef beundkeiesabefiwe@nNoRONES . the fourth level. Data

di vi sions produced by this division are stored in video packs and
audi o packs In this way, sectors that gyre not used foradédali ng
to MPEG standard. These packs are multipl exed i nt-o the video objects
VOB #1, VOEF@goraling e¥ist) @t the boNagRBReEhPSMeRR | 20BES -ThOAVAf| | e
Is divided into_a .plyrality of extents according to | SO | EC 13346,
as 5 sHOVR-BAM/mhelQEitAd 1S8&EOT Bt dhe¥ ) ardr@agAnsecut iegdided

in an unused area in a zope area in the volqge area, as .shown_on the
top level . 3BT TR nehys 1 sectors of the user area in order

starting from the 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 volume

area.

15 (1-2) Data Recorded in the Volume Area

Fig. 4A shows the content of the data recorded in
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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extents crosses a zone boundary. These AV files and RTRW
managenent files are 10 = nmanaged using directory files and file entries
t hat have wo9931888en st andardi zed under |1SQO | EC 13346. For iplag/ieysiseie
shown in Fig. 4A the AV file that stores VOB #1, VOB #2, and VOB #3
Is divided into the extents A, B, C and D. These extents are stored

in zone ara?@éeraenbhaéo tiBEGL5 tarldd £ eNt THely ;%b]eé/ B&Jge xﬁtﬁ%ﬂﬁ?éxed

al | ocati on déscriptors for the extents A e extents

produced byn#h vEHengitleMNoblketdy yer! 8¢ %ﬂalipzskfn the A\EafbléV bl ock
has a data size that ensures that a data underflow will not occur in

a buffer, srdbwgdod thackch28d llwfdler, PhevhRved s ﬂssaﬁofi(zféé iAtd a
recordi ng appar at us. Fig. 4B shows an exanple data

structurepifurality of exeehty adotdr@ingBtoa ISOLIEQL 1B3486) udgs a

descri ptor tag, an ICB tag, an allocation descriptor length, 25
expariled ahHowbubasthndsetdbndatliesreldescThekser #xtentscatieesguwdetdi ng to each
of extents A, B, C, and D. 20

The descringarvrded in an amubed rag:etahaintaezprrmea:ltea in tletvylumea file
entry. For a DVD-RAM a variety of tags are used, such as the file
entry des@negapraanshdwn spacthei thogp level. d&nﬁﬁrmhat Bone ¢fl thentry,

a value "261" is used as the 5 descriptor tag indicating a file entry.
The | CB t &KW GLOSSRA e APBETIMQWIHABY -t he file entry itself.

These AV files and RTRW management files are

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 that stores VOB #1, 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.
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The expanded attributes are information show ng the attributes with a
hi gher-1evel content than the content 10 speC|f|ed by the attribute

i nf or mat i onwioige)3dsssn the file entry. The BETAP98/05617
construction of an allocation descriptor i s shown on the right-hand
side of Fig. 4B. Each al I ocation descriptor includes an extent |ength
and a 15 | ogicalTie ogksspipeort bay $B0ws thige showdnd that! afie present
position of the extent.. K The |ogical sectors on a DVD RAM t hat are
occupi ed byemirexiend fitemantggd a¥or a DVDtRAM,, a/\mazei.étwi@ﬁl tagstars
that are not occupied by a valid extent are nmanaged as "unused" 20
On the ot harsdmndsuchf agnbibheofiilel gntyy deseagptpr and the \ames bitmap
recorded in_the RTRW managenent |Ie as the %F #1 |nfornat|on t he
VOB #2 i nf S18REFHAEOANd F%E @Cﬁl e entry,i & yadh§ ork6ks ichdhiedres hehe xt h

| evel of h fi th il
i vi . ostesERRear phavartioy SBr e anfalendRtie rocorded in the

vol une ar ea.

B
(1-2-1) Video Strea.:he ICB tag showehattrébute %gam¥q%§ﬁ?qu%¥ th% f%l
arrangeneméﬂgrﬁif%é@fflty of sets of picture data that each

correspond to one franme of video inages. This 5 picture data is a video
signal according t o Sékpanded é&bdlatribunaksTakrevisiformaitddnrgifowdaig tiee)
or PAL (Pmﬁizributes 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 occupled 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 informatioh, the VOB #2 information, and the VOB
#3 infd;mation, as shown on the sixth level of Fig. 4A.
Like the AV files, the RTRW management file is divided

25 into a plurality of extents that are recorded in the

volume area.
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Al ternation Line) standard that has been conpressed usi ng MPEG
techni ques. Sets of picture data produced by conpressing a video

si gnal unggg standard are 10 displayed by video froap@gyidipksihave a
frame |ntervépﬁa§ around 33nsec (1/29.97 seconds to be precise). Sets

of pi cture data produced by conpressing a video signal under
PAL standqrdéﬂ o, HE o' I deo frames that - have a frane interval
of 40nsec- 15 5 shows exanpl es of video franes.

In Fig. 5, theWi tﬁh%Wé8n§%gﬁa§ﬁgWHe&ﬁFﬂé heg"§g % d ">" synbols are

vi deo franes show n presen atlon start tine

(Presenta E@%ﬁgﬁ degr £r @ p ¥%99£
showi ng t %friggérﬁ f’i |%Jhu£%égf%|3pned@( Pr es%nt ati o%‘g# I'S
notation pahicorr&ERERRI It ad)ﬁe E%%Qhé ot helaebl Q.‘Ma{‘@es. Thd'@W ngs. The
sections enclosed by these synbols each I nclude a plurality of video

fields. picture dat&0HR €6 SyDAe8CBAGHAL é@cUP.E@ni} anslaggscuses the 25
spatial frequency characteristics within the imge of one frame and

the tine- nRbaliesh£Dr Tellekiiasli ov t Sthmeigasis Commlttee) or PAL (Phase-
22 that are displayed before or after the frame. Each set

of picturaldairmadtsi onnidnedd stnandamel dthat has beBirdicmmbresalddy
Predicative (B) Picture, a Predicative (P) Picture, or an Intra (1)
Pi cture. tisdng MPERBstBchriquesct uBets PhHipiotexre aaktd protuced asyal |
havi ng t he sane size, although there is in fact great variation in
their sizeempressing 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. 1In 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 image of

one frame and the time-related correlation with images
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When decoding B pictures or P pictures that use the tine-rel ated
correlation between franes, it is 10 necessary to refer to the i nages
that are re\ORI(GI8SS before or after the picture being dE€B@BﬂWE&UT
exanpl e, all images referred to by a B picture need to be :
conpl etely decoded before the decoding of the B picture can be

per fornmed. the® are dispisagedebelfioranckPEGtenicohet Eramalef i Baght et
codi ng order of pictures in addition to defining the di spl ay order of
t he pi cturef npictuge Slatdheigsecomverted inda rone O&val s respectively
show the sets of picture data arranged in display order and in coding
order. 20Bidirectipmradly sRgedicatsiven(P)BhRiictures andPregdicatdese

i's used, problens can be caused_by special reproduction features that
per f or m ded&di L SEUrE/nPHi ARayithidbulh) Pictune. vi Bag -std eaRoWEo Bor event
such problens, an | ,picture is inserted into the video data at 0.5s
25 nt er PAIGEUregeh PsRieeEesy @nd uf ePdstaizasrasnglis draving the |

pi cture and contipuing as far as the next | picture :

23 same sjze, @Fhenghptoens cisréy) fasicrIrers FarirEirad igs
the unit f MPEG conpression. On the third | evel of Fig. 5, the
dotted ver tF&HT | $héSShows t he boundary bet ween the present GOP and

data in the o BT AO6PHRra & BUSHIFES i B BICCHIRPethRE gheture.
type of th%hg'E%mgL%Efgiéglgok%éfg%fggiBgt%égﬂ fgames, it is

10 necessary to refer to the images that are reproduced
before or after the picture being decoded. For example,
all images referred to by a B picture need to be
completely decoded before the decoding of the B picture
can be performed.

15 As a result, an MPEG video stream defines the
coding order of pictures in addition to defining the
display order of the pictures. 1In 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 preﬁent 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
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al ways an | picture. 10 1-2-2 Data Structure of VOBs The
VOBs (Video Objects) #1, #2, #3 ... shown in Fig. 4A are program
streans urgenos3igésd | EC 13818-1 t hat are obtai ned by nuptt/pre8nEdlg 2a

vi deo stream and audi o stream VOBs do not have a program end code at
the end. 15 Fig. 6A shows the detailed hierarchy for the

| ogi cal cqRstd UBHP ONGROUYIRSE PhturRads. thshchh@ops arkOdic¥alnd @' 48!

| ocated on the top level of Fig. 6Ais shown in nore detail in the
lover |eveh®e unit for MPEQheompgesssidream bhathes t19tpHed el hert op

| evel 20 in Fig. 6Ais shown divided into a plurality of GOPs on

t he seconfilkeved, Theselc®IRsd avertiealankine showsy.tlee bound that the.
picture data in GOP units has been converted i nt o packs. e audio
st r eam shbetween hehei ptesEnt h6OP and tidpe | Eodllowirdg gGOBA | I arwelit ed

I nto packs on the 25 third level, in the same way as in Fig. 5. The

di vi 8ed GOP, dile upictare foype GEPtine tlastnplicitpimxedatat it Hehe

24 audi o streamthat has been divided in the same way.

Thi s proddisplaie pudrrsdguabseadiyt ke K @ichurevelwhifle the Eigtwe This
pack sequence forns a plurality of VOBUs (Video Object Units) that
are showntypet af fipehfigay pickureTiiataoBin (Vheescabirgt oydeimovrs on t he
sixth level are conposed of a plurality of these VOBUs arranged in a
time seri@dwaysh apgl BACHUEE proken gui del i nes show t he

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
logical 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 is 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
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rel ati ons between the data in the data structures on adj acent |evels.
Fromthe guidelines in Fig. 6A, it can 10 be seen that the VOBUs on the
fifth | evel Wwom9es8sond to the pack sequence on the four PERTARBOS6IINd
the picture data in GOP units on the second | evel. As -
can be seen by tracing the guidelines, each VOBU is a unit that

i ncl udes atanh@idst srefOPthbdt Hes béén diiwided dat £lve t hamer e@mwduct i on
period of around 0.4 to 1.0 second, as well as audio frame data that
a recordi ndChis praghcesuthsh@dackrseduenge tdr D FAatht Hewsbheofi ne
as this picture data. The unit called a GOP is defined under MPEG

Vi deo St and®id. (bBQ | Ekhisspack .ssuuence DmrmsGaPpdiyalptyl faesVEBUEsUr e
data, as shown on the second | evel of Fig. 6A, the audio data and

ot her data (¥idgcadbject YunghslcttiRratdame owBnoivithet &) fithatlevel .
mul tipl exed with this picture data are not part of the GOP. Under
DVD- RAM st diiar ¥OBshe(Ek@ees SaiecteBushoynsed £be $ixth lewveal taee
corresponds to a GOP, and is the general nane for -at | east one GOP
inc|udinglﬁqmgp§agﬂqﬁmptplyrallty of these VOBUs arranged igy a

reproduction, period of around 0.4 tg 1.0 second and the . audi o dat a
t hat haslxi#ﬁﬁuﬁﬁﬁﬂ%ﬁed %Ptﬁ%QHSQ%?CFEQ;ErOkeD @itidelines show thepe
[ VOBU | s recorded as

o angerent, of YOSt HSCkaeand U GaPCKS Uhe SaeatiSBpRASr o
Lhe data SlOiSdebe ) eveq oSG RR Pl by ie ] S84, O ALS, O FAN T 2,0 o
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 GéP 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 is the general name

for at least one GOP including picture data with a
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audi o packs is the order in which the data inside the 10 packs is read

froma DVD-RAM Each video pack has a st orage capacity of around
2KB. Si ncayblesftes a si ze of the video streamin one VpBHipRsbH®
several hundred kil obytes, the video streamw || be divided into
sever al hundred vi deo packs. 1 The followng is an

5
expl anat i ggp%@%kﬁgn peri&EobE aiggzgﬂﬁr@'fb'stbdﬁn.td %?ﬁo{iﬁ: azxtcf‘rﬁhé?f a

VOBU. In A “a system hea 1 1s given, r'r ows

that extegdgiiPdEhstavt! ¢RBEeh idCad1 89etN it is pi q‘ﬁ%&‘é
| ocated at the start of each VOBU. This system 20l rﬁ?%ﬁ%? P%b udes a
variety ofgparaneters that are requi red when decodi ng streans. The

arrows show that a system header is stored in the first pack in each

VOBU. TheseThys e dwgenentadf apidesapalcs HeaVaali ¥ BEcks in
the data sequence. 25 (1-2-2-1) Datap%bnstruction of t'he Audio

Packs a VOBU is recorded as it is as?@a sequence of logical Fig. 6B
shows the logical format of a video pack arranged at the start of a

VOBU. As sheworsh dhga BBD-RAM. tAecbirdsingldgotheckidta asoBed sireonposed
of a pack header, a system header, a packet header, and video data
5 that thepar tpadtkshwilildde steadnmfrom the DVD-RAM gin 6€hs$bowrddre.
| ogi cal format of the video packs that do not cone first in the VOBU
As shown This mear gth8€ thhisseavrdegepmaiks af evédelo gagpksedndf a pack
audio packs is the order in which the data inside the
10 packs is read_from é 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 wvideo packs; | |
15 The following is an explanation of how a
reéording apparatus identifies the start of a VOBU. 1In
Fig. 6A, a system header hl is given, with the arrows
that extend from this system header indicating the wvideo
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
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header, a packet header, and video data, wth no system 10 header .

Fig. 6D shows the |ogical format of the system header. The system
header shovwWO99/388. 6D is only appended to the video pBEKIPISAS657s

| ocated at the start ' of a VOBU. This system.header includes maxi num
rate 15 i nformati on (shown as the "Rate.bound.info" in Fig. 6D)

and buffer size infEigat 68n gtsdwsnthe logicaBuffbemaibunf. anfxideo Thack
maxi mum rate i nformation shows the transfer rate to be requested of
t he rradgetd at dpper stexrtwhef anW@BU ng Abesthaven TheFi2Q 6Buffer
size informati on (shown as "Buffer.bound.info" in Fig. 6D) shows the
hi ghest bufthee firstt o7idevenasst eith a VOB isiecompostidtdBnaapaasiat us
when inputting the data in t he VOB. The following is a
descri pti omeddere @atsystem headRrucei packekbaages. andt viden daea
dat a construction of video packs is not part of the gist of

27 S that istpayk @Enthenveideonstax@adingly, only the data
construction of audio packs will be explalne Fig. 7A shows
the | ogical format B¥9an §uﬁn9%%ck e lng%@ngp&W@QEPfothﬁ videehown in
Fig. 7A, each audio ack includes a pack heade a packet header, a
subst r eani ®&FHH ﬁ&a\ﬁhé%q’le‘gof:h@ 25801t el HQ@U Ast ghowe Hudi o

streamin this k Li near, AC3, audi o frane
|nfornat|o€1%w£%§ ﬁhqﬁgtyl packs are eagh composed of a pack

header, a packet header, and video data, with no system
10 header.

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 located at the start
of a VOBU. This system header includes maximum rate

15 information (shown as the "Rate.bound.info” in Fig. 6D)
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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sets of audio frame data that have been conmpressed using 10 the

conpression techni que indicated by the substream i d.
Fig. 7B skwy®os1ess | ogi cal format of an audi o pack f or pdT/MOB1056TEM
met hods. As shown in Fig. 7B, each Li near - PCM audi o pack has the sane

elements as a Dolby- 15 AC3 audio pack with the addition of audio frame

dat a thénb&re%ﬁ@nmi}@rmwl 0 Abedrdiaiql {Nf enTRf ithe | fakudes

the foll ow ng: . an audi o enphasi s_fl ag show ng whet her

enphasi's &gn8ftreictidn oZOaudlo packs wiludbenukpllatichedow ng whet her an
audi o nmute is on or off; 3. an audio frame nunber for

witing a frane Fig. mmtmowé the auticilafernt of ahe aidisd p&dko
frame in the pack in an audio frane group (GOF); 25

quanti zatfor DolBwerRCH £bawiaty. t Rswshedwn in Figgt fAajhesash audhmfrarre
sanpl e has been quanti zed; 28
5. ab audpackadmcdwigs haspagincheadeaydiao packetshmgldeny, faequency
6. a nunberof audi ochannel s that may be set at nonaural , stereo, and
dual nnnasruhl_,sta:‘reram £d showing Whethenrarting acogmpoetsisdon hbechomonesses
t he dynam c_range starting fromthe first access unit.
Fig. 7C shousthee dudjiecabtireamiinfthigi pasdekts LineaymREMMIEG Audi o
met hods. As_shown in Fig. 7C, each pack of MPEG Audi o has the sanme
el enent s RRlbKeASebksaR@io frame information, and a plurality of

sets of audio frame data that have been compressed using

10 the compression technique indicated by the
sub_stream id.

Fig. 7B shows the logical format of an audio pack
for Linear-PCM methods. As shown in Fig. 7B, each
. Linear-PCM audioc pack has the same elements as a Dolby-

15 AC3 audio pack with the addition of audio frame data
information. 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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10 Dol by-AC3, but with no substreamid or audio frane data

I nformati on. Fig. 7D shows the | ogical format of a pack
header, a pWoke9B1888ader, and the audio frane i nf or mat i oRCT/INISO5617
The pack header shown in Fi.g. 7D includes a PackSt art Code, an SCR
(System d ock Reference) and a Program mux rate. O these, the SCR
shows the tinme at . aanudn&hsampme)Bengehdah@wxnghehmwaudiopack
shoul d be |nputted into the decoder buffer (hereinafter, the 20
"audi o deccmmpbihgerfyeguencyed for the audio stream In a VOB, the
first SCRis the initial value of the STC System Tinme Clock) that is
provi ded as a standar da numbergof audi® eanoer anrd@atwa@ hengatdat
As shown in Fig. 7D, the packet header includes a 25

" packetstammerpﬂefl-%ﬂerﬁéb iad rdualr ponaealn and - packet, a
"stream D' that is set-at the fixed value for

29 5 a.prﬁvQM?QH#%ﬁﬁ?n&%iQ9¢ﬁ€p@Pﬁ&ﬁﬁu%@mﬁﬁeﬁﬁﬁﬁEﬁbﬁp)
that shows at what tine the audio frane data should be - Qut put t ed.
The audi o fFERRMAS XANMTYr FRELSA NN T HaBs 1BSt BAFRES ovDEtane

neagers' (hat g vesje BTG gl pgam Yoaisar SO e ISR o,
D ocks Dot yeege R S AR Rl S SIE H. 7c, ! PV
pack of MPEG-Audio has the same elements as the packs in
10 Dolby-AC3, but with no sub_stream id or audio frame data
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
fSystem 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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10 (1-2-2-2) Buffer State of the Audi o Decoder Buffer

The following is an explanation of the changes in the internal state
of the audygoslgsegier buffer when a PTS or SCR is assi gagdpissér7rack
header or packet 15 header . Fig. 8 is a graph showi ng the
buf f er state of the audi o decoder buffer. In this figure, the

verti cal ;plﬁrlvate é%@:re%‘&@nténauﬁf &7 PCOPPAREH AT S er PRk %%) axi s

represents The gradient of the inclined sectic k11,
k12, thatd ddcwsnalti Grhak repnes eMes 4@ibr #rshi dat8 Shodld be audio
pack This transfer rate is the same for each audi o pack. The
respect i veuhehitesdof the inclined sections kll, k12, and k13 show

t he amount of audio 25 frane data that is transferred to the audio
decoder buf ffee udbohfaadieo deock . iFeraldtidéheipadheiss ofheach

30 audio pack wll be filled with audio frame data, so that

t he Bei ght nufnbesac ho 6f firame ridaderdsfedhiansgktés khx numberawnd khadis
2,016 bytes. “The respective widths of the inclined sections

5 k11, EtramesdiklBhehpweasentransfier packodndf tdree pack, whil e the
respectlve start positions of the inclined sections ki1l, k12, and k13
in the hofifiostalacxessspointer” th@tSGQQ$S|ghednaiakmmepaumber of

For the exanple of Dol by-AC3, the transfer rate 10 to the audi o decoder
buf f er |sbggm&ﬁxb¢5wegwothkﬁ(ﬁudlo frame data information and the

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. In this figure, the vertical axis
represents buffer occupancy and the horizontal axis
represents time.

20 The gradient of the inclined sections k11, k12,
and k13 in Fig. 8 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 k11, k12, and k13 show the amount of audio

25 frame data that is transferred to the audio decoder

buffer by each audio pack. Overall, the payload of each
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streans and 192Kbps for one audi o stream The payl oad si ze of each
pack is 2,016 bytes, so that the transfer period for one pack is
2msec (=2, O 99}31888* 8/ 8\bps) . Thi s means that the transPEFIBISASAY
2,016 bytes of audio 15 frane data in the payl oad of one pack is
conpleted in around 0. 0625 (=2nsec/ 32nsec) tines the reproduction
period of tdedpecipack will be filThedsteipffedapdivs fitamel2daded doshbatt he
reductions in buffer occupancy of the audi o decoder 20 buffer due to the
out putting tind hedghtngotf eacdumif athe inclinedi seiqtarengdakd lat kh2,

respective presentation start times of audio frames represented by
t he audi o famdekl3 1sd&t§16ﬂhy¢ﬁgbt|ons of the stepped parts dl, d2, and
d3 in the horizontal axis show the PTS assigned to each 25 pack.

The audi o pack A31 Bhewraspergive atigiastaé the inclined sections
31 audi o frame data A21, A22, and A23 that should be
decode® at Khérp&%%wﬂ%Pdo#L§u§h¢We§h@fQ?ﬁp%ﬁﬁroperlo Pamie fRRCKy 21,

and f22. O these sets of audio frane ta, the-audio frane data

A21 is decoded &tﬁhﬁare§Peq&¥%%n$§FF$nRﬂ%&?leﬁeQﬁ the ABGliRedne f21,

bef ore the au data and 3 are res ect ve

decoded at ?ﬁ@téloéé%glfﬁho rardn qAﬁié o %e h&F&Z 5- P?%lh%ss}ﬁ?! and
f23. the audio franes _stqred in the audio pack A31, 10
the audio f¥BfeSER a?%éigp§%?ﬂ?f??gﬁ B4k decoded.

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 audioc 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 A31 shown in Fig. 8 stores the.
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This audio frame data shoul d be decoded at the presentation start
time of the audio frame f21, so that t he audi o pack A31 needs to be

read fromwbd9eBiéss RAM by the end of the presentation petjypss/g@kist he
audio frane 15 f20. Consequently, the audio pack A31 that includes the
audi o frame data A21, A22, and A23 is given an SCR t hat shows an

i nput ti mMaudiad PramedematdieaR] esanAt ipigsaent th ' he audi o
frame f21. 20 (1-2-2-3) Buf f er Szt?iate for the \%tde%ﬁgg?g;faé

The fol | odicRbded aatexplaanstée9enehtifth cdoesmes of théhgudii@rnal state
of a decode buffer provided for video streans- (hereinafter, the

"video buftremids dfR0}L 0 fi2l,, and £agsi groMothésehedidtost atps P rafdS and
SCR in pack 25 headers and packet headers. Vi deo streans

are encoddatua,t htlvar aaldie cfwgme data A21 is decoded at the 32

|l ength due to the large differences in code size between t he

di f f &r ent prgsentEt pont wiesct | t pnet oifethe pudior €xame f21anthadFgu&t ures)
used in conpression nethods that use time-related correlation. Video
streans atbe iaudicefzames datarA22ammechiA2 3f adet xespetbateilly is difficult
to conplete the transfer of the picture data to be r epr oduced,
especi al | deciosigsl catir shgargsentation stamtctimes ef vieke algidecodi ng
time of the video frame that was decoded i medi ately before and the
decodi ng fremesst%2? apfefA3+¢his | picture, which is to say during the

reproduction period of one videqg frane. .
Of the audio frames stored in the audio pack A31l,

10 the audio frame data A21 is the first to be decoded.
This audio frame data should be decoded at the
presentation start time of the audio frame f21, so that
the audio pack A3l needs to be read from the DVD-RAM by
the end of the presentation period of the audio frame

15 £20. Consequently, the audio pack A31 that includes the

~audio frame data A21, 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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Fig. 9A is a graph show ng video frames and the occupancy of the
vi deo decoder buffer. In Fig. 9A the vertical axis represents the
occupancy oWO9B188deo 15 decoder buffer, while the hori zoRtHIPROSU7
represents time. This horizontal axis is split into 33nsec
sections that each match the reproduction period of a vi deo frame
under NTSC langthr dueByte etBer ilarge dhfferencegr aph code caizige baleweenat
t he occupancy of the video 20 decoder buffer_changes over time to
exhi bit a ddweodififerent phypes, of pictures (FhpiRdWIRS of PeRdictures,
triangul ar tooth that conposes . the sawtooth pattern represents the
amount of @ Bnpictures}d psad gknt GEMPLETS sPReBREPIR Fgﬁﬁxﬂﬁ%d in
each 25 vi deo frane. tioned befqore, the anmount of data._in

As ne
“each vi deo B¥BAErEd aiRd cgRErela RNt he VaARMt SHFE@RR 2lso include a

33108 compaon, puRES P R 05 LB, £3L it poLag ecor i
tri | t oot h th t at f th i d t Th
0 S8R eamaray SEDPhRL L HAEREECRE LD ™

subtracting the qutput rate of. the audio_streamfrom.t output rate
of the tra%@%?agﬁ%él’hi%s??gﬂ‘ yrggg pdcture dafa g:ic??é dBr fng each
frame periqd

L1 angul ar PREEUELaotTHCERg TR SGTRERRS dvdS: BELRRI Sied e
const ant t%ﬂﬁ%gﬁa%mﬁégééeahq %éé?#é%gfbéfg%g'ghwwihe decg@figor the

present frafmne Instan outﬁ r
10 start time of this I picture, which is to say during the

=

reproduction period of one video frame.

Fig. 9A is a graph showing video frames and the
occupancy of the video decoder buffer. In Fig. 9A, 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 wvideo

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 wvideo streamlto 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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t he video decoder buffer. The reason a sawtooth pattern I s achi eved
Is that the processing fromthe storage in 15 the video decoder buffer

t o out put woesrisge vi deo decoder buffer is continuouspgr/m®sessied. The
DTS given to each video pack shows the tine at which the video
data should be outputted fromthe video decoder buffer. As

shown in Fbg. edkh twidebniEaiaind Nbsi paamidall guakistiyrdd casBbirenlriy
i mages, | arger amounts of code need to be assigned to franmes.” Wen a

| ar ger anmpgnthef complerdty icf asis¢ gficdmen a frane, this neans that the
pre- storage-of data in the video decoder buffer needs to be

comrenced wel | beTheegiaeliderodeft e@mrh ®biangular twovhl showdetiperi od
fromthe transfer start time, at which the transfer of picture data
into the transfer rate of the video stream4 The approximatiedeo decoder.
buffer is comrenced, to the decode tine for the picture data is

cal |2d t HeraBwfev deat8ubfethe videdesitingamiel sycalouwjatszdl byt he nore
conpl ex the i mage, the | arger the amount of assigned code and the

| onger Subtraebhimg dehgyoutput rate of AheaaudidosesardgarnnfEom the the
transfer of the icture data that is decoded at the decode tine T16
starts atoutREtTrRtaHerlt thesteradk buéfere dafRishtransfer rateedsded at
the decode tine T18, neanwhile, starts at A 10 tine T12. The transfer of
the ot herth@t §ape sluring each frame PRXiogde decoded at times T14, T15,

T17, T19, T20, , an% T21 canp 3ini|af|g'be seen to start bhefore these
During the period corresponding to one triangular

10 tooth in Fig. SA, picture data is accumulated 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 wvideo
decoder buffer is continuously repeated. Thé DTS given
to each video pack shows the time at which the wvideo
data should be outputted from the video decoder buffer.

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

20 quality of complicated images, larger amoﬁnts 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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decode tines. 15 (1-2-2-4) Transfer Period of Each Set O Picture Data

Fig. 9B shows the transfer of sets of picture data in nore detail
When consi dQMPIBER situation in Fig. 9A, the transfer PET/XPR%05617
picture data to be decoded at time T24 in Fig. 9B needs to be

conpleted in the 20 "Tf Peri od" between the start time T23 of the "VBV
del ay" and vhdest sleacoflerhbufifesfis commenaes, fctiihe decodelatimeo be
reproduced. The increase in the occupancy of the buffer that occurs
fromthis TEPEr tée @iaEure slata isgqgalledhther ¥R et Videoh@uHifeéow ng
picture data. 25 The start time of the Tf Period approxi mately
equatees to YRELiSoR iedaYi-n the genperajacktet mefre lgomplex the image,

35 packs that store divisions of the corresponding picture
~data. The ket ldrggrt hBeramount afpeseignerdy code anduihes 1orISCR
given fo the first pack out of the packs that store divisions of the
next ctureN8aVBY ®@LaY-5 neans that a TfPeriod is defined by the SCRs
assi gned to video pa The picture data accunulated in

Kks. . Th
" the video decoder #AS caﬁhfi’l’%rsﬁﬁpt E1omi Fighe Amethostzangfer offe the
e dec time_ T24, the 10

Plré;gri i's %{egggltgga, I%ﬁ%hgaagifigg‘g.ﬁ?é% et ppﬁgﬁp@code e Btbred in
EEE z:gggzﬁiggi% %ﬁ;gimeaW1fﬁerfB¥ transf&EIUS ﬁfg%ﬁggahé¥§n%§2%y of
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 of the
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When considering the above situation, it can be seen that while it is
sufficient for the transfer of 15 audio frane data to start one franme in
advance, <ylfooisigss transfer of picture data needs to start pealspodesspr e t he
decode time of such picture data. In other words, the transfer of
picture data should start well before the transfer of audio frane

data t ha%%/éké’%ﬂﬁ%%ﬁ}ozg%%iv%@%dﬁ% "B eknet %ﬁ?é@?bh@i-ng R &L Aget hi s

anot her e e audi o stream and vi deo stream dare nul ti pl exed

into an NM2RG Stropm &l eihkadE dHa T Puldiidd roximatéiy picture
data that has a later decode tinme. As a — result, the picture data and

audi o frapg48Ls thed 3EBLiven tU aahe faektcpawreduel orudine fpatrsdat a
and picture data that will be decoded after the audio frane data.

36 that storeld&vis)oAsr afamatnektVipdertipéadata. This -

and Audi o Franme Data in Each Pack Fig. 10 shows how audio
packs thatesiorehat a T£pPardbid isfdefinedf baudilef BERs dedsignddvi deo
packs 5 that store a plurality of sets of picture. data may be
arranged.td whidgo packmidi o pack A31 stores the sets of “audi o frane
data A21, A22, and A23 that are to be reproduced for f21, f22, and
f23. OF the sets Tife guilcbure data aaecumud &dted hinatiieo ywdeoAdecadeax fi r st
audio frame 10 data to be decoded is the audio frame data A21. Since

t he audi buffer watidsAaampiddtheo tianeicE3deatawhieh the pigareati on end

time of the audio franme 20, this audio .
data is to be decoded. At the decode time T24, the

10 image A is decoded, which clears part of the picture
data stored in tﬁe 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. 1In 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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data A21 needs to be nultiplexed with the picture data V11 that is
transferred during the sane period (period 15 kil ) as the audio frane
f20. As aWe9nB1sss8the audio pack A31 is arranged near RGFRIRIBEEA7
packs that store the ‘picture data V11, as shown at the bottom of Fig.
10. The audi o pack A32 storing the sets of audio franme
data A24, A252-enhes P2AriraigementesfedidebyDa2@& reproduced for f24, 25
and f26 should be nulti pl exed with the picture data V15 that is
transferred at the same ti neafekrAwdikl FHrame tbataudio EachePBZk As
a result, the audio pack A32 is arranged near the video packs
that store the picfige dud ashows dwehawdist paeks2thatb@toneo Fig. 10.

- 37 (1-2-2-6) Arrangenent of Packs Near a VOBU Boundary
Since a VOBluralkitut eafusaets haf ewdinieframe data awdpyvideeapabgs
under st ood that VOBU boundaries are det ermi ned based on GOP
bound@ri esth@terstors s Rlralbty efsesetst pisPigrloprendasa magnbent of
audi o frame data stored in one VOBU. As shown in-Fig. 10, the audio
packs that axrangedts &n Hido 19&@%% B?@kaﬁ:’élng%’ﬁores theosgsst e
near video packs that store plg&ure I's reproduced sonetine

after the audii® r¥pameq&ata 4 r%%ﬁsA?@attlT"Hé 348 ¢+9 rR%e data t hat

STl ¢ B regmopllB YR, R SeRY eBH CoR RS SRS

howto align the PoHN93 §he audio pack A31, the first audio frame

10 data to be decoded is the audio frame data A21.  Since
the audio frame data A21 needs to be decoded at the
presentation end time of the audio frame £20, this audio
data A21 needs to be multiplexed with the picture data
V1l that is transferred during the same period (period

15 k1ll) 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 £26 should be multiplexed
with the picture data V15 that is transferred at the
same time (period k15) as the audio frame f23. 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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of sets of audio frane data with the boundaries of VOBUs 15 si nce VOBUs

are fundanental |y determ ned based on GOPs. As stated earlier, each
set of pi civorestkega i S conpressed using variabl e | engplrAPosleiyd, SO
t hat GOPs have different sizes. Because of this, the nunber of :

audi o packs that will be inputted into the decoder 20 buffer at
appr oxi may@lp 1he6s apk ddiBemént N fvirdak Pankar a voBO! RaLEdR M ! ! vary

between VOBUS.  AS Tesult, 1n a VOB, SomE VOBUS fave a payroad for
audi o packs whosegtigicd a VOBUSIiZE £0daeapeRdt t#had i AARie SUBRE" Of
audi o packs, whi | e ot her VOBUs have a payl oad for audi o packs whose

25  totaGO#H,zeitotanaspendmnderstoodt itHeygevoBUNburtdafiidsOare  packs.
I gnoring differences in the nunber of audio

38 determinedchased ahi GOPt bourmiawheses WhefOBtliwi tils kgwadari es
bet ween sets of audio frane data, the arrangenent of packs near the
boun8ar i-esasfe vialebivBtepramien is| the amoudif b sedivvefreamedabsgre the
total size of the payl oad 5 for audi o -packs corresponds to an i nteger
nunber of st¢eired in onef VAR o fAanshdmm mndFagcadd whehe thbeitotal size
corresponds to a non-integer nunber of sets of audio frame data.

Fig. 11 sRafkshdhabchitose Fetbedrd Rughio dirampsdat® axeoazdangedeach
pack when the total size of the payl oad for audio packs in a VOBU is
an i nt egefOn@f i dpesBear videogpaghk§ Fhatnstexeapicture data The

boxes drawn on the tog | evel . of Fig, 11 show
that is reproduced sometime after the audio frame data.

10 This means that the audio frame data that should be
inputted into the decoder buffer at the same time as a
GOP is 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 wvariable 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. As result, in a VOB,
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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B pictures, P pictures, and | pictures included in the 15 video stream

The second | evel shows the division of the video streamon the to$
| evel into YYPPY3RBE K t he sane size as the payl oads of FATKEISQIE
arrows that extend downward fromthe second | evel show how t he data

di vi si ons obtained by the division into payload size are 20 stored in
t he vi deo dﬁ@@ksl to align theheounaigyie9aeéf MIaBER owhthn hduendatktles
| evel in Fig. 11 shows an audi o wave obtai ned by sanpling at a
sanpl i ng frlaqﬁy@@p ofelgkrE amdieoframe datashdhe aarrangemaenenoé of
sets of audio frame data, The sanpled data 25 obt ai ned t hrough the
sanpl i ng | sPAFKSIAELd Rt Bheshpundaries3 ok ovidecsobiagt gupdds twildr m
audi o access,ynits .39
(AAU). Thes 1%%&;; &?%t\gﬁead&ﬁ%s pWB&l;@e the Betalorsize of ihe dPayiead
dat a sg n the fourth |eve correspondence between the

dat

sanpl e OLnd SBRE Correspaaéﬁso 9 aRB &é‘ttég%r sREMPSY ®hesSedst ed
| t hat t f the fifth Meanwhi_| th

ot ted | neQEt RO  ERATB AAGR (20 An@ AR THSFE,Bhe COtadn gt £he

t f t f dat t S

The vert ?ca‘%g?F%%pé‘fﬁﬁﬂggg:)% ET L BRsB e lambrz ot SCH8 R Bet ween

the B pict M% the | picture v16 is a boundary between GOPs.
The vi deo pac? i ncludes the picture data | ocated i nmedi ately
before 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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this GOP boundary is shown as the video pack P31.

The audi o

pack P32 | ocated imedi ately before 15 this video pack P31 is indicated

by the ar {ayws15sat

and

the latter part of y-3, showi ng that this pack stores

sets of audio frame data. Meanwhile, the audio pack P35 that is

| ocat ed beARpS .t hithasdi AAPACla RB2eh80déd td Nrealied Bhd hgekr ews that
extend fromthe sets of audio frame data y-5, y-4, and the forner

part of yz@dio frardodats Ihswd hba PRek FHprels 1Beed setphef audio frame

dat a.

stored i oepeds

Fig. 12 shows how sets of audio frane data are 25

packs included in a VOBU does not correspond

40

audio friameindabheder shoumerbef thet dofteddild Hfesinehdat a.

extend fromthe sets of audio frarscmlrsos611,

aes beewedmlthezsaniplidtt qarhoathd the §etsawk o

y-2!
t hese

The top | evel and second level in Fig. 12 are the sane as in Fig. 11.

The $hirdexeentd diffard from thhet fifth llevely. I1Neanwhidte htheudi o pack
P33 is located 5 inmediately after the video pack P31. The

cor r espordizotedbdtimessn thatserserid augweridr dfimomathe fourtiholeved t he

fourth |l evel and pack sequence shown on the . third level is also
di f f er entshiownthieatstuhvage pfrithe sets of audio frame dpteaaliitoe pack P32

t hat

is located i medi ately

before this video pack P31 is indicated

by the arawddo packshat extend fromthe sets of audio frame data x-3, x-2,

and the fornmer part of x-1, showi ng that this pack _
The vertical line on the top level that shows the

10

15

20

25

" boundaries between the B picture v15 and the I picture

vlé 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 P31l.

The audio pack P32 located immediately before
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
indicated by the arrows that extend from the sets of
audio frame data y-5, y-4, and the former part of y-3,
showing that this pack stores these sets of audio frame
data.

Fig. 12 shows how sets of audio frame data are
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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stores these sets of audio frane data. Meanwhile, the 15 audi o pack P33
that is |ocated inmmediately. after this vi deo pack P31 is indicated by
t he arrows WB9/3¢888end fromthe latter part of the set BET/IRA${086}r ame
data x-1, showi ng that this pack stores this audio frane data.

Since only the latter part of the audio franme data x-1 20 Is stored, an
area in thegam obftelgdhenambeer pdtks®B88 of audsol Eramenudata.To fill

this remaining area, the paddi ng packet P51 is inserted into the
audi o pack P33. ~ The top lev@hcandhedcandrlewel dnthegaudio grantheat a
x-1 and the paddi ng packet are arranged into the audio pack 25

P33, the bmamkarysofint IRig/OBLA .matlitesthhzdpdeati differs Hromedhathe
sets of audio franme data. . 41

In this wayn iFigs ddsumedthatt thiee aedhaapesk K33 is hagmkedatch a
boundary between the sets of audio frane data, regardl ess of whether
the t&tal pamediately cifter thehaideiPoPpsdkFIhel udd& in the VOBUs
corresponds to an 5 i nt eger nunber of sets of audio-frane data or a
non- qonrgepongenae hatvesshishengetiss Qharavdiojdrame data |
operations are perforned with a VOBU as the snal |l est del etabl e unit
of data, tKEBFUNGRr FsethRBRthhd ekt aRd Pack ReFuUeRFe RNPERaOR i ®at a

(1226 1 RSAQ L PE oL 8 AL 891 CRGremtent £rom chal SHOVE $BEitn Free
Si ze of Auqhﬂ Packs
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 payload of the audio pack P33
is left unused. To £ill 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 tﬁe audio pack
25 P33, the boundary of the VOBUs matches the boundaries

between the sets of audio frame data.
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For the exanple shown in Fig. 12, a padding 15 packet P51 is inserted

into the free area in the pack, t hough dependi ng on the size of the
free area W@,E P88 payl oad, a paddi ng packet P51 nmay be pichgpbddadid Nt 0
t he pack, or stuffing bytes may be inserted into the packet

header. Figs. 13A and 13B respectively show exanples of 20 packs where a
paddi ng packet ang_st L N yt e | nsert .
When the remaini nénartg%iléngggﬁagﬁc Pjgé/b% ﬁ}elé:ne Oﬁtgr?a{: Ef\let g’%s%r\l/%%rﬁﬁseso’?n

size, StUbOHL HAeBNA BARRGLEY W¥ireen thbN3AFKSE BERAY pAgmghown in

Fig. 13A wever, en 2 remalning area I n the pack 1s east

ei ght bytegta, re'gﬁral%s aofaQHggglé}_aG&(ﬁé £&tas %ﬁﬂ?iﬁa}:i%g{%gﬁf(:k

42 _ ongsi de the audio packet, as s ( The
inserted pagdifigapackalcrinsi cribade ieades . vOBUs corfeSBbidY &6 an |
provided in a recording apparatus to separate the multiplexed video
and gudi o jdteyd £f Blfble> of sethBi dfheads] o afdateS critts bhe addgniromthe
header onmards as |nva!|d data. This neans that invalid data

i's not acqwBdgdednimbelie aurhosdpeedsy thdfeifwpeirttial deledddi ng packet
is provided in an audio pack, with this data nerely filling the free
area in tbperati tods at@ perfornéd3wiGnpepsVOBUN af tihe SHEWIsEgenent
File The following is a description of the composition

of the RTE¥letetgkerunifti laf daeagothentbaindaeyRB@tween the deleted
data and the remaining data will match a boundary

10 between 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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managenent file can be roughly divided into the VOB 15 table and the PGC

table. A VOB is a physical unit for I ndi cating the MPEG stream
recorded onWO9YPBBEal disc. On the other hand, a PGC ( RGIGFAHPIGAAI n)
is a |ogical unit that i1ndicates an arrangenent of all or only sone

of the data divisions in a VOB. PGCs define 20 reproducti on sequences.
In Fig. 14, abongsilden ther aswliso packedf, RGE shbwmin oRiguniisS®d PEhe
informati on #1, PGC Jdnformation #2, PGC information #3, PGC

i nf ormati oniggerted padding packet ha&s theunhoue VemdeyvoB #, VOB #2,
and VOB #3. This shows that four or nore PGCs can be 25 logically
defined fordemuddivomxerapragitded| Lp éirecording apparagius 4 shows
the detailed hierarchical structure . i 43
in whi ch dat@Pp¥adiorelei RulfdRieRedavigernand padio datahaefgrsako
format_shown on the right of Fig. 14 is a detail ed expansion of the
data shown BRighbeader and, discardge the@dathi deom ehenheademi del i nes
to clarify which 5 arts 0 he data _structure are being expanded.
From t he de®BWEEAF 1S eEPﬁaai]rjl. ‘i@f—ai-t daH pgneans thah ip¥yalied dakw
managenent file includes . Nupper of VOBI s .(showi ng t numher of sets
o vee 15| fipbr aRCuRLated | RS, ARTLA HEFOUST RutEes Aenna 10
VOB #3. This, VOB infor iQn for each VOB includes VOB .gener al

nf or mat | orPAYRBRG HAGKET Gt GRLORA P (Feato1o’ Bagky aieh this

(1-3-1) CDWEQEEtH@}é{ytgleg%é%¥ﬁéa%ﬂégcgr 190 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 a 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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15 The VOB general information includes a VOB-1D that is
uni quely assigned to each VOB in an AV file and VOB recording tine

i nf or mat i gyp ¢¥31888ch VOB. The VOB attri bute i nfrersiososs1y S
conposed of video attribute information and audio attribute 20

I nformati on. The video attribute information includes video
conpressi 9 WRATH MMREARLIOEdRed! DAl GHLRTRE B nt filand MPECL,
TV systeminformation that indicates one of NTSC and PAL/ SECAM
aspect ratrhe ilPid@Rli g6 raan sifowASon the " roghtl@O'Fiy| dea Agsq ution

I nf ormati on show ng "720x480" or "352x240" when the video attribute
44 detailed néxpanision iofli theedaNESGhaowrd ompyher Uefof, owirsh on
showi ng the presencel/ absence of copy prevention control for a video
t ape recotHter broken lines seciwingdas aitidélinesnftar nelaphfyhesidlhe 5
encodi ng nmethod that may be one of MPEG Dol by- AC3, or Li near - PCM

t he Sanpl pagtls eficihs @ateh sisru8kure, axel being expantiledbitrate that is
witten as a bitrate when a fixed bitrate is used or as the | egend
"VBR' when a Fropr itdig edatar staeucturgedin Fag. 14, itTeanibe nap
tabl e shows the presentation start time of each VOBU and the address
of each veserr &hwt vehe RTRW gramagemgnt Fileelpelpdes a0 (1-3-2)

Conposi tion of the PGC Table 15, The PGC tabl e includes a
Nurber of Rambes ffy VgBIs (showing the number of sets of VOB

information) and VOB information for VOB #1, VOB #2, and
10 VOB #3. This VOB information for each VOB includes VOB
general information, VOB stream information, and a time

map table.

(1-3-1) Composition of 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 video attribute information includes video
compression mode information that indicates one of MPEG2
and MPEG1l, TV system information that indicates one of
NTSC ahd PAL/SECAM, aspect ratio information showing

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

"720x480" or "352x240" when the wvideo attribute
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t he nunber of sets of PGC information) and a plurality of sets of PGC
I nformati on. Each set of PGC information I ncl udes a Nunberof Cel | I's,
showi ng t hewmgot3esssof sets ) of cell information, and a sBET/IPISO5EL?

i nformation for 20 each cell. Each set of cell information includes a
VOB ID, aCVSPIM and a CV E PTM The VOBID is a col umm
for enteringnfbemationi iadiidatses oRTSCYORndctopgdiuard henfdrmd eiokhen

t here are a plurality of VOBs in the AV file corresponding to 25 a
set of cel |shoWwdngattilve, preised@f dbskead yofhoopy prevehtdbrofcotervDBs
corresponds to this cell information. 45
WO 99/ 31888for a video tape recorder. PCT/ JP98/ 05617

The cell start time CV S.PTM (abbreviated to CV.S PTMin the

drawi ngs) is |nfordﬁhEOﬂuﬁmﬁm@EtKHQUte infermatisnt Abowa e vi si on t hat
is logically indicated y this cell information. In_detail, this

i ndi ca® es témcoding vieebof; éql'tﬁt dJeaVeBeaton eoft MHEG)f PALbYIAL I vOEi on.
The cell end tine CV E PTM (abbreyviated to C VEPTM i n_the draw ngs)
is infor rratLbﬁe§PFmHG¥‘§ thbe sampl,yﬁg dragiengya (§ughias #8&H3)s, and

| ogi cal l'y indicated is cell information. In detail, this

i ndi cates t3@ aggio \)‘P%IEBaFFeIH‘EFBChFeUrétt‘%% gfid P iHeaBgt #h8NWi R on.

The sets of _tine nfornatlon ven as the cell [t CV S PTM
and the cel¥1¥gd bjﬁe’:@%’ %kﬁ d oF ?ﬁoﬁc}i‘l’ﬂelggﬁﬂdt ﬁ%Rf of"’?’l%{é_%ncodl ng

ODer a0 By ap e, Y ALEREE S ohedhd e end L1 for the encoding 1S

10 The time map table shows the presentation start
time of each VOBU and the address of each VOBU relative
to the start of the AV file.
(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
‘0of 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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t he user. As one exanple, when the user marks the | mges shown in

Fig. 15, the CV.S PTMand CV E PTMin the cell information are set
to indi catWotgb/glmr ked video fields with a high degrepcqfnm@hsl on.
20 (1-3-2-1) Reproduction Using the Logical Units (PGCs

The followng is an explanation of the reproductlon of PGCS Fig. 16

shows how VOBs arg@ne ce%@ﬁﬁgag%dﬁ{ﬂél referr ggﬁbggfzinre tpoFig. 16

show 25 t he correspon et ween

data. Thecak @vpid, i4thed d2aingsInas teformat
46 — — correspondence bgtmeen each VO%U%?PEFh%gl%%quI tinme

codes inckyded idr tHBet dﬁftai%*&iiéhén' RHA® $8118gi¥d 1y indild¥t@gation.
The arrows yl, y3, y5, and y7 show the correspondence between the

ti me codepyi rRelilaseiDd §hEormatibhle D débh el n tiis S:EﬁdQEa\f% the
i nformati on and sets of cell infornmation. Her e,

suppbse theédeserfielicabeatieapratdutheostfaxt of theommatd &heiBIen. Wen
the indicated PGC is PGC #2, the recordi ng apparatus extracts the

cell information The tell (euhxbr timat €@l VY oECPTM (abbreviheedattd he front of
PCGC #2. Next, the recording apparatus refers to the AV file
and VOB i@eWt Ef iRM | im| thed drawimgeXt nac tiadf €t ith showingatteso finds
that the AV file and VOB corresponding to. ‘this cell information are
AV file #andnofvathesldatat Mivissioni thakap s abdegitaliai nondpeaickicedyf or
this VOB
this cell information. In detail, this indicates the
10 video field located at the end of the data division.
The sets 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_S_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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Since the address relative to the start of the VOB and the el apsed
time are witten in the specified time map table #1, the recording
appar at us r 8Y@P%H31888 t he .time map table #1 using the cel [PGIVRP$/0361Te
CV.S PTMas 20 shown by arrow yl and so finds the VOBU in the AV file
that corresponds to the cell start tine CV S PTM I ncluded in cel

i nf or mat i orcétresporitestar bemtbersseath VOBUt bhs aVOBB Ahde thee tsimet
address of the VOBU corresponding to the cell start tine CV S PTMis
known, 25 codlés dexxirutied ampdite usimecamgestalBe#imstisdopetbyof VOB
arrow y2 and starts to read the VOBU sequence starting

47 informaftion VOBThel arxdws syilndivdt edbhy arid sy3t ashbwadthiess.

. Here, since the cell end tine CV E PTMis i ncl uded in cel

i nf or mat i orcorespogndentet betargen the tdme tcodes dnclu@Ed irheche
recording apparatus refers to 5 the tine map table #1 using the cel

end tie CtAmepmEp tableainsHdwn $9tt pd QB etnforowtyi3on Aand rasstust oft he
recordi ng apparatus can find out which VOBU in the AV . file
correspondsceblt hafegmathanti me CV_E_PTM i ncl uded - in cell
information #1 and can obtain the end address of 10 this VOBU.

Supposi ng that the HEBEri SHRRA%Y FRhet piser indigates wepyogucthen for
recordi ng %gfaratus will read the VOBU sequence as far as the end of

the VOBU #iOM9aPti $he PGCsngi ¥hany Bhet RAKGHWGJ4PGE iy PEE. #3, the
aceessing |l cording appafatild 'extracts tha cell” ihrcmatton i
10 (abbreviated to CellI #1) located at the. front of PGC
#2. Next, the recording apparatus refers to the AV file
and VOB identifier included in the extracted CellI #1,
and so finds that the AV file and VOB corresponding to.
this cell information are AV file #1 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 reférs 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 the 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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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 cel
i nf or mat i @iy dob1gg8y repeating this sel ective readi ng GcTiabsosss? ng
cell information #2 and cell information #3, the recordi ng apparatus

can read 20 and reproduce all of the VOBUs: included in VOB #1.

By per forfi-Bg mwdmsttﬁaﬁoaissedmm&at%d)fbf%ls stdr¢ c4a8reds. the
recordi ng apparatus can reproduce the data in a VOB accordlng to the

order in which itHége, sind&dthat e¢llly éhe ge¢he o WA prhormption. 25
Partial reproduction of a PGC is al so possible by havi ng the user

i ndi cat e £ablladdthtinr eelliclinformation #1 along with the cell 48
PGC. Cells are parts of a VOB that are specified using tinme

i nf or mat i gbaker tiimeoCf VelSdPTM,0 that relondingi apparatusbtefeasvitew
scenes that he/she has indicated very preci sely. However, the user
i's nbt abthket ¢idie qrapytabde #ihdising the reptbdend duimé @ UaEaBﬂMUS|on
such as a VOBU, that is smaller than one cell. . (1-3-2-2)
Partial Deseshowrf dvy atReCdotted arrow ybhe p?astaalre@eilglzj obhef a VOB is
performed with a 10 VOBU as the mnimumunit. This is because each VOBU
i ncl udes ¥eFoGORMNY appehatusieart fonth awt bdehabe VORY in theodWdari es
between VOBUs will definitely match boundari es between sets of audio

frame dat&ileTgerrespopdgeéqurithenenlpeemst iimeaCpdf RTHelvcluded the

15 present enbodi nent is described bel ow.
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 #1l.

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 is
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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In the foll ow ng exanple, the PGC information #2 shown in Fig. 16 is

conposed of the cells #1 to #3, with cell #2 being subjected to a
partial del WO 318388 Fi g. 17, the area that corresponds PCEIPIROS617
deleted cell is 20 shown usi ng di agonal shading. As shown
within franme wil in Fig. 17, cell #2 that is to be deleted indicates
one of the PGEeo fGahds, are pavus of EheV@Buthiitt a1 specidiiedctusiadglat a
“included in VOBU #i +1, using the cell start tine CV.S PTM As 25

shown wi t hi bifrearimfnematdion #fon| vadenli Eheddsonsafthat thehaisededs
frames, out of the plurality of sets of

49 able toqiv¢iavesgenesnthagedehsiveBbasg imdicakgd heex¥l | end
time C VEPTM Fig. 18A shows the extents that are freed by a
partial del BEREFS8tYig PEOWEWSF mathen User AsSshekn anle o diweegbivynd
| evel of Fig. 18A, VOBUs #i, #i+1, and #i +2 are recorded in the
ext entd#m ARAi¢EN® Bhe #‘ePlr‘)@l‘ﬁ@tlon ofyjaodata [Feokadan,n Sueh eRBert
#n. As shown in Fig. cell #2 |nd|cates pi cture dat a
i ncl uded i nV9BBY Ahat 535 s ?rsF Q@ cedl. c v S PTM and picture
data included in VOBU #j +1 as the cell end tinme C V_.E PTM This neans
that the area from - the extent that VOBU #i +2 occupies to the extent
t hat ' used area.
However, upy
The partial deletion of a VOB is performed with a
10 VOBU as the minimum unit. This is because each VOBU
includes (a) GOP(s) in the video stream and because the
boundaries between VOBUs will definitely match
boundaries between sets of audio frame data. The
procedure when performing a partial deletion in the
15 present embodiment is described below.

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. 1In 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 is to be deleted indicates one of the video frames,
out of the plurality of sets of picture data included in
VOBU #i+l, using the cell start time C_V_S PTM. As

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

the video frames, out of the plurality of sets of
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15 and the extents that VOBU #j +1 and VOBU #] +2 occupy are not
freed. Fig. 18B shows exanples of the VOB, VOB

I nf or mat i gy ogMigegPCC i nformation after the partial depceirirB/skscr i bed
above. Since the part corresponding 20 to the fornmer cell #2 has been
del eted, VOB #1 is now conposed of the new pair of VOBU #1 and VOBU

#2. gi%(% EL&@H“ r\écf)ﬁfl!h 1#1 ﬁélﬂb‘“t?a%d c’:%{.?. end are

|nfornat|on %&r ornatlon #
I ncl uded hgs %etpm@f VOB 25 i nfor rratlon are divided into ti me map
table #1 ﬂaf%‘;:teﬂ'g'- - map tabl e #2. 50

Figs. 19A and 19G-show ¥ABUNEGY end ¥eldriti42that _adelPrecangpld er the

partial deletion deScribed above. hese, Fig. 19A shows the state

bef ore ”i:%ﬁ@ihﬂ.aﬁeletloﬂehgtl s ﬂﬁsotrhmslacsm #ont emls ashéwa. ohl. In
Fi g. 19B, the data from VOBU #i +2 onwards has been del et ed.

Si neg tha:rb@usé@bndoqmn ¥EBEig +t118Ad VOBUS I#2, #i+1,nmdmdeflithe
boundary between the sets of audio frane data y-1 and y, the partial

del eti on pfe dagaokded VidBUthe extént?2 fmyaadsl NOBUSS#iR Hhipr hudandf rane
data up to audio 10 frame data y-1 being left and the audio frane data
from #j-e2damef mewoxided ynormbe dsxbentg #del et ed. ' Figs.
20A and 20B show VOBU #j and VOBU #j +1 before and after the parti al
del eti on descri bexs agbown in Fidg¥ 1B88secedily. #20Andimetedepicaterdef ore
the partial 15 deletion and has the sane content as Fig. 12. 1In Fig.
data included in VOBU #i+1 as the cell start time
10 C_V_S PTM and picture data included in VOBU #j+1 as the
cell end time C_V_E PTM. This means that the area from
the extent that VOBU #i+2 occupies to the extent that
VOB #j occupies is. freed to become an unused area.
However, the extents that VOBU #i and VOBU #i+l1 occupy
15 and the extents that VOBU #j+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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20B, the data up to VOBU #] has been deleted. Since the boundary
bet ween VOBU #j and VOBU #j +1 matched t he boundary between the sets
of audi o frwo99a888 x-1 and x, the partial deletion of BETAPIBNS6T
VOBU #j results in 20 - the audio franme data up to audio franme data x-1
bei ng del eted and the audio frane data fromaudio franme data x

onwards being left.Figs. 19A and $oBceslidwe Vomuwdlaries HabweryrlyABys2mat ch
t he boundari es between sets of audio frane data, it can be 25 seen

t hat parti defloret and haftere ey fparedaln déBétion desutibbavabwrdanger
of leaving only part of a set of ' 51
audi o franOflathese,t Eigpt léA shows the state- bpfors eph€opsirtiicil on of
t he Recordi ng Apparat us The recordi ng apparatus of the present
enbodi nent debetibas @anmchasnsheorsdameh cor@Bd@nRANSr Edrgpdutl i on IapEiat us
and a DVD- RAM recordi ng appar at us. Fig: 21 shows an exanpl e of the
syst erb const9Bet the dattai ArbnddOBUe#i+2 onwanddi hgsajpeent delaftade
present enbodi ment. As shown in Fig. 21, this systemincludes a
recordi ng dpbaeat the twoungdpsyeibetweenDVOBREchi tidr ang) VOBVesute
controller 71, a TV nonitor 72 that is connected to the DVD recorder
70, - st ahedntdmooundary erveesr ddie 79ets odhauudibd frame  a
device to be used in place of a conventional_ video tape recorder for
the recordidRtaryrdl &ndiyn the partial deletion of data from VOBU
#i+2 onwards results in the audio 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 #j 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 #3j and VOBU #3j+1 matched the
boundary between the sets of audio frame data x-1 and x,
the partial deletion of data up to VOBU #j 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, it 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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15 broadcasts, but also features editing functions. Fig. 21 shows
a system where the DVD recorder 70 is used as a donestic video

appl i anceyy %9(;3 E)¢D- RAM descri bed above is used by thepcayﬂgmf der 70
as the recor ng medi.um for recording tel evision broadcasts.

When a DVD-RAM i s | oaded into the DVD recorder 70, the DVD recorder
70 conpress $ .2 I.deo al the antenna 73 or a

convent i ofg %ame 55@% nelﬂ tal'ﬁ% 6§coré t%ieg?ésult onto the DVD-RAM as
VOBs. The DVD recorder 70 al so deconpresses the video streans 25

and audi o streans included in the VOBs recorded on a DVD- RAM and

g;tputs ts- i?sg§§€€hvtgﬁgf¥dﬁﬁﬁoﬁrS?Z?%e}%igordln% Appatatus
ST ylidl dalfud auul O S
(2-2) Hardware ér%@dd¥ﬂ£ﬁgtBﬁp@ﬂ@ﬁﬁ&obﬁeth@) resent embodihént22 is

a bl ock di agram show ng the hardware constructron of the DVD recorder

70. sThe BYR FeeRitdedns for bEXh gl gvesm%épﬁbdu@ttlén apphPEEncoder
2, a disc access unit 3, an MPEG decoder 4, a video signal

processi ngngnN! DVD RARMREerUin®| appathtits busﬂg a2l showsegwte control
signal reception unit 8, and a receiver 10 : The arrows
drawn w téxanbile loheshenskiste®2cshstruction hEhahysi.mﬁllud:@snet:ér ons that
are achi eved by the circuit wiring inside the DVD recorder 70. The
broken recokidiesy appavhithes ohovhéhpriesgimal emboddatsmns t Aat shbn
I ndi cate the input and output of various kinds of data

in Fig. 21, this system includes a recording apparatus

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 conventiocnal 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 recorded on a

DVD-RAM and outputs the resulting video signal or NTSC
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on the connections shown with the solid lines during a video editing

oper ati on. The control unit 1 is the host-side control unit

t hat incl ud@O99/2188%U | a, the processor bus 1b, the bus 20 RGFI9BMBIAT 1c,
the main storage 1d, and the ROMle. By executing progranms stored in
the ROM |l e, the control unit 1 records and reproduces VOBs.

The MPEG encddmmal aeper awdiassfiginalwsto then TWhemonitonr et2iver 9 receives
- an NTSC signal via the antenna 73, 25 or when a video signal outputted

" by a donestic video canmera is received via the video input termnals

- at the 53 back of the DVD

" recorder 70.(2+e) MiEcdWargcEonsirugfeton of the PWBCRsicpmdesr 7 deo

~ signal to produce VOBs. The MPEG encoder 2 then outputs these VOBs to
t he disc acce&@Qhu?ZBLﬁz?tb%OEHsdﬁagrgm showing Thhedhardwasss

~unit 3 _includes a track buffer an ECC roce55|n unit 3b, and a
drive RechafcigBEuction ok EhSV@WMeﬁﬁﬁdﬁé%e REgcoxder

accor dance Bﬁﬁfntr0| he control unit In nore
detail, HQP%P%%H QHF?HE e%?%ﬁ 1loan|ME#€a?nﬁ?¢Qﬁ fecdr @iECon
- the DVD-RAM and t he V ﬁ?ﬁ@ﬂﬁg X t he MPEG en&oder 2 haye been
successwelff‘c ess y t%@daﬁs % #RE Bro@nVifRe SHINAke disc
access unit stores_the. received VEBS n the.t uffer 3a. After
 the ECC pr OP&%(F?@ uRS Whhert ofmd oS te Eeet&@gt%gl g t‘%eb‘d?'sg'a(?cess

unit 3 Contr%ﬁ%égecontrol 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 video

camera is received via the video input terminals at the
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drive nmechanism 3c to successively record these VOBs onto the

DVD- RAM On the other hand, when the control unit 1

i ndi cat eswip ohad1esg ead from a DVD-RAM the disc access 20 powgHos@saapntrol s
the drive nechanism 3c to successively read VOBs fromthe DVD RAM
After the ECC processing unit 3b perforns ECC processing on these
VOBs, thepdickC of thelbVEs ratbiddrstw,eschdempesuldndddéient edfdodeisf er
3a. The drive nechani sm 3c nentioned here includes a 25
platter fehesqidmysifaalVidRAM deospiinfial mobopribdtuce VOBsl.amrHy and
rotating the DVD-RAM an optical pickup for

54 MPEG end®ddirn@ armmgnahtpues tileesdDVEBRYN tandcle ddiseat or for.
the optical pickup. Reading and witing operations are achi eved by
control | i agceseseaambbpB8nenitss e t basdii.ve mechani sm 3c, al though such

control does not form part 5 of the gist of the present invention.
Sinch this can beThe diswhaegedsusinik wel inkindessa hbtacknduffeher
explanation will be given in this specification. The MPEG

decoder 43aperaat &CAsprokcesasinghenit 3b, \aomd ahdrive enéechanisml 3¢om t he
DVD-RAM by the disc 10 access unit 3 are outputted as shown by the
broken |ifier a DVDtRRAM,t gardvacs-g8sederthe Je¥BdRAM Hat 2 CBEIBEASHL ai n
unconpressed digital video data and an audjo signal. The MPEG
decoder 4withp@aentrelubyoiieseertged it 1.7 video data to the video

signal processing unit 5 and 1 utputs the audio signal to the TV
nnﬁitorp72_ gIn more detail, ﬁheﬁ)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 3c 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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The video signal processing unit 5 converts the | mage data outputted

by the MPEG decoder 4 into a video . signal for the TV nonitor 72. On
recei vi ng gwQBy/aisss data from outside, the video signal FIAPIYPI6L7
unit 5 20 converts the graphics data into an inmage signal and

perfornms signal processing to conbine this inmage signal with the

vi deo si gnalreading a signaIlhfroentthe cDVIDF-8AM, gmad aecextivatom tfdr
receives a renote controller signal and infornms the 25 control unit 1 of
the key cod&hen apeicadnaickiphat Resding ancbwribtingi tomemmparsf @ne
control in accordance with
user oper at asisievedhbyr @antredding |tthese. componentg- z:fl)tlnat dmazte
Construction of the MPEG Encoder 2 23A is a block
di agr am shomedhamesm §c, hthpugh FHeh cRELWEG gﬂeéd@otz form Pagth in
Fi g. 23A, the IMPEG encoder 2 is conposed of a video encoder 2a,
a vided encodi theugist Af rhesPFESRPE hen¥enfkoRf Since hghipdean be
encoder 2a, an audi Q encoder 2¢, an audio encodi_ng buffer 2d, a
systen1encoé&h%§3$@ruﬁﬂqgFW%%ln§nQKﬁ m?ﬁgqgﬁxxﬁﬂ frashes reamin the
vi deo encodln buffer and .t he encoggq audi o strean1jn t he audio

encodi ng ltﬁH?EF-OEId Widl e E3YaRm T MB18 RR§C |1tca‘2-'f1‘?%r
sereating tne "I I MR o B EER R s e onn
of the NPEGV%ﬁgx%ha% have been read from the DVD-RAM by the disc
10 "access unit 3 are outputted as shown by the broken line
(2), the MPEG decoder 4 decodes these VOBs to obtain
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 outside, 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 wvideo 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

contrel unit 1 can perform control in accordance with
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t hese, the audi o encoder 2c encodes audi o information that is

I nputted fromoutside to generate a plurality of sets of audio frane
data thatwyygs4888 M ni num data unit t hat can be i ndepenvirosdsst7
decoded. The audi o encoding 20 buffer 2d stores the plurality of sets of
audi o frame data encoded by the audio encoder 2c in the order in

whi ch theﬁsg&f eozggéfﬁiﬁb‘iﬂ; of the reficke)cbAtepialeopgtruction of the -
Syst em Encoder Ze 25 Fig. 23B shows the internal construction of
t he system encoder 2e. -As shown in Fig. 23B, the system

56 . encoder 2e includes an audio packing unit 15, a virtua
decoder bybfer-1lf, Tateirialal Cohseetictiic éf"EheOMER®Encoder Wit 17, a
vi deo pacKimguntt 18, a virtual decoder purter 19, and an
interleaving unitri@. WeAalgi @ blpck pdLkgtanisiowdngortrits the sets of -
audio frane data stored in the audi o encoding buffer 2d into packs.
The 5 covistitiatt deaodedd the f MPEGE esicodetred.t hdshuhewnstial Fig. when
t he packs that store the sets of audio frame data . are inputted into
a buffer. 2Bk Whé MPEG esmxddérol ik0 comporedoodl iangrided &hoodenr es
time that is used for assigning an SCR and a PTS based on the
synchroni 2at,i @ video enerdiogigthuf$ed Zb flor sitdeuinmckhegowtputi Sof
converts the video data stored in the video encoding buffer 2b

i nto packtheThaldeot eacodiesdded, banf &udi®p sengpdeas 2dwe ansauddgifer state
when the packs that store the sets of video data are inputted into a
buf f er. Teadogtierg davfhgrusd, 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 syrnichronization 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 of 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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20 generates VOBs by arrangi ng the video packs and audio packs in
accordance with the SCR and PTS assigned to the vi deo packs and audi o
packs. In t NNOHSt enbodi nent, 20 the conversion of the P&T&PE8AS6Lhe
data into packs by the - audi o packing unit 15 is the main focus, so
that this is explained in detail. No detail ed description of the
gener ati on enaoder geckindtludes dWrlem@ackparking wadit 15, wal kibetwplen.
- 25 57 (2-2-2-1) Buffer
Control by Gdecod@robefdiengloni & sirtual presentahdoudi imeacioumd: iy t
15 extracts an anpunt of data equivalent to the payload size fromthe
~ encoded unigudl é, f Baiklid2® apacdiing aeBdti d 8 /hea avdics uenk odéagders

buffer 2d. _The audi o packing unit 15 then generates a pack t hat
stores the &BFER¥ed%dattnd nant dndpnke@viagd unit 2@yt p@dhwe t avdgener at ed
pack tg the system encaoder_2e. This generation of a pack involves the
ar r angenent Bgfcking ugdiy 15t eonvestivaehangetie @fl audd shramet datianput -

10 time of this pack. into ag_audio decoder buffer, o The
- cal cul ati on SHOE$R LRpHS iFedip £ ingi putfer 2decigk® Packsder e fer

is perfornmed.so that the buffer tate of the audio decoder buffer can
be efficieni"lﬁ}rtuaf dega %ﬁl@&ifﬁ¥t%é Fb qﬁe%_f@sr ¢BnSEpS& at us

15 nder DiR.standardoithe pemiy Ga0aChLy (O SNSe Ul o £ramd®320Y

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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twice the data size of the audi o packs used as the unit when readi ng
froma DVD-RAM As a result, there is a ri sk of an overflow occurring

in the augy@oginngsyler 20 buffer if there are no restrictipeyIrFgosedi ng
t he i nput times of audio frame data or the nunber of sets of audio
frane data inputted into the audi o decoder buffer at any one tine.

Hovever, if2spch-ngstguetépPneodfitedNSyt Ak Audio Paakigegqﬁie ggse can
occur whe a a ot

present in the audie audiocdgensieinguiihdt I®isxtauges an uadeuhitows n the -
audi o 58 decoder buffer.

To avoi d wihesf equivarkenvetdl ehe pawlead gize fromckhey enmtddéd uses the
virtual decoder buffer 16 to sinmul ate i ncreases in the occupancy of
t he systemudbo feammlelata atcamidcoded Wwhethscusdaoeenmodireg and
decreases in the occupancy as tine passes. By doing so, the audio
packiSg umuffiércidcul s anpipo pawksingrunit 1Sudhenpgesesatébad no
underfl ows or overflows occur in t he audi o decoder buffer. By giving
packs SCRypadlatthat stwesi hhet extmactadcdadieedinnithi payhgadheaaddi o
packing unit 15 ensures that overflows and underfl ows wi |l not occur
in the audiuwtpatsdéhen gererapren Rfhgto the system gogosigrackeng unit 15
must not assign an SCR to an audj o pack that corresponds to an SCR of
a video hispgereratsansafeat PaCkhabpeadveshdhrirbrpraengpnef 15
infornms the video packing unit 18 of the SCRs _that have . _
data into a payload and the calculation of the input
10 time of this pack into an audio decoder buffer.
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. 1In 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 is not present in the audio

decoder buffer. This causes an underflow in the audio
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al ready 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 WO99/31888 The sinulation of the audi o decoder buf fBFT/IE8/4617
the virtual decoder buffer 16 is perforned by graphing the buffer
state shown in Fig. 8 in the virtual decoder buffer-16, with the tinme
measur ed bydewodertbaffer. presentation time counting unit 17 as the

hori zontal 25 axi s. The audi o packing unit 15 has the
vi rtual To avoid underflows argh overflows, theppahi® ation

time counting unit 17 start to neasure time. \Wen the first pack
accumul at edpackirgaugiid 15 usesndhrervibiibed deoadepebuiieredsi ¥ he
first pack, the audio gackin unit 15 increases. the buffer occupancy
5 by the SMHMABANLNGCIRLE Ay HheLRCHR@IBtLakne SYSTERe| i ned
part for the tinme ne su%ﬁ? by .t he virtual presentation tinme counting
unit 1? bas&fRfeResfPnf @ decodgrn when quﬁﬁaiagk;nputteé and  The
virtual presentation ti.nme qguntin unit 17 1Q__ continues Hg measur e tinme
and the audP@GREPRS M (thS occupPaney <ag iﬁﬁﬁxﬁﬁﬁﬁ??ﬁr1 Y995 Rery
time the ti .measur,.ed by th igtual presentation.tine counting unit
17 reaches gﬁ?;ﬁ%@éﬂtaﬁQ%+%9aPPl%:iﬁo?aiﬁ QS 1NPUL TAMES RO udi o

PO ) ol ARG 20 PLRLE b G PERERP L SoBBLE O Bclise in
decoder buffly audio HelddelBudtlr. AP (43 @ USRS Nehilg audi o

10 show input times calculated in this way, the audio
packihg 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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encodi ng buffer 16 into the next pack and gives the pack an SCR
showing the tine at that point. By repeating 20 this procedure, the

audi o packwooosrssg 15 converts audi o frame data into pagkposnsel7
(2-2-2-2) Buffer Control so that VOBU and Audi o Frane
Dat a Boundaries Match 25 In addition to performng the

si mul ati onpeksliftation RYhleelcShRE Ends Lﬂﬁ?&:rl‘begtﬁﬁv%otxﬁ%g%ﬁge‘)hgacm ng

uni t
present enpefieTentWH&S, theC P9t epaski @ccumulatedt Ui ﬁr@etaahll per f or ns

buffer control so that the oundari es of VOBUs match ries

bet ween se¢acoder buffeudil® fHasebdehastBried bithf ehec@iFot paehd,0l s the
5 audi o decoder buffer so that when the |ast (audio) pack in a
VOBU has bthe onaiisd gpaeRingharsitli 5f tacreides the bipffarubabesharnty he
audi o decoder buffer will conplete an entire audio frane. en such

buf f ed conbyothies data ampantt dioedthibe fimsiigraek heidwgeholeBbs Wil |
definitely 10 mat ch boundari es between sets of audio frane data.
Fig. 24 shimeltiined gsarihfos tihe boimdameesured bpethecrvsetaadf audio

frame data match the boundari es bet ween VOBUs. The top
part of Figresentiadison heimeamgunipingnunis 17 heabetlf en stlat einputhe vi deo
decoder buffer. Bel ow this, the video pack sequence that causes the

i |1 ustrat deiEr ZAE i9h thet Paaks fer state is shown. In

The virtual presentation time counting unit 17

10 continues to 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 VOBU

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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Fig. 24, the sets of picture data v11, v12, v13, v14, v1l5, and v16
are shown, with video pack p31 storing the 20 final picture data v15 as

the final paotx9odssss VOBU. The vi deo pack p34 stores th@ednvirsnse17
picture data v16 in the next VOBU. A pack sequence where
vi deo packs and audi o packs have been multiplexed is shown below this

in Fig. 24.152%f the paldsunipasinbeldiment 2hasmearnhir8cterovst § ke
transition in the buffer state of the audi o decoder

61 featutwfinr thatveiti pelrfomes doaffeat ddetrbdhissi€itadl thid s
graph is marked with "x" at each boundary between sets of audio frane
dat a. boundarilés bifnaIOBUdemafaik pSindarties bétivpleexasepacht 5
sequence has the audi o pack p32 imediately before it. The transfer
of this audaodiarkfpdBecdadss. t hBhisciasSBer contirol heontaupbacyhef t he
audi o decoder buffer shown by the inclined part k1. As shown by the
graph &t thaudio decodem duffgr 864, thamtinwhen dhauliastf r(@wdia) apagial
10- to exactly four audio frames is stored in the audio. decoder

buf fer. Thi $nskoWOBBahashdespUtsamsfasred, theatamdioa flixameladgthet ween
audi o frames. . On the other_ hand, when only part of the audio
frane data pecammtlated dme g suddendiscedercbufifer will mompheye an
bet ween VOBUs does not .match a boundary between sets of audio frane
data. When BREIFSURMELEs Tdamet When wieh buffequdrenpaeii rigs unit 15 can

have only the, . .
maintained, the boundaries between VOBUs will definitely

10 match boundaries between sets of audio frame data.

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

illustrated transition in the buffer state is shown. 1In
Fig. 24, the sets of picture data v11l, v12, v13, vl4,
vl5, and v16 are shown, with video pack p3l1 storing the

20 - final picture data vl5 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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remai ning part of a set of audio franme data transferred so that the
boundary between VOBUs matches a boundary 20 bet ween audi o franes.

Fig. 25 s@ey¥esh t he audi o packing unit 15 has onl y schitypo&essi-ni ng
part of a set of audio franme data transferred so that the boundary
bet ween VOBUs mat ches t he boundary between audio franes. 25

The top %gfg?r Fi gy @?rﬁﬁg:atlh‘?l.i’ﬂé‘earﬁﬁﬁk at thes‘fiﬁ?f’ccesf&éo§(fi kg the

sane as |1 n

this, th ﬁﬁo ggﬁh %dsh&%ﬁ5*§e ét”éhdﬁ(Béﬁﬁdﬁﬁ&abetweenvééﬁ§ the

final pac t he audi o pack p32 | medi ately before it,
as in Fi fzg dﬂyaffgméfgéﬂy this audi o pack p32 causes the
i ncrease |n tHe occupancy of the audi o decoder buffer shown by the

inclined part The Finads vm&bgga& VAr thef nailt hps elkdean Ytk of
audi o pack p32, the graph in Fig. 25 differs in that the audi o

decosler bad&aENTONESs atHeo alidine patk pG2 fimmediately neeesrendtane part
of the audio franme data for a fifth 10 audio frane, As

shown by The p@iatisker ooft Bhiisncdudid pack 32 causeshehHmuimergase ween
VOBUs does not match a boundary between sets of audio frame data. At
t he bott abmothei @ccupancsefit irthe eandling defcader ppafdatratsloowat byt ti ne - of
an 15 audio franme results in a reduction in the buffer occupancy,
as shown tiyet hecdtieppddppakt KI5, The Bboym by theograpls at ephed part is
equi valent to the data size of
bottom of Fig. 24, an amount of audio frame data equal
10 to exactly four audio frames is stored in the audio
decoder buffer. This shows that the VOBU boundary
matches a boundary between audio 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

sequence below it are the same as in Fig. 24. Below
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one set of audio frame data, so that the audi o decoder buffer ends up
storing an inconpl ete anobunt of audio 20 frame data.

this state, Wﬁén&ﬁ?ﬁdary bet ween VOBs does not mat ch the"ﬁ’fﬁﬁ‘?&@?@”
bet ween sets of audio frane data, so that in Fig. 25, the audio pack
p33 is arran I mredi ately after the video pack p31 and i nedi ately

25 before ghésw d@bepgéﬁle&%épackh?%cutﬁ?ﬁﬁ%@&% %&.@aésplcturehdata

remai ni n art of a set dio frane data, so .that
63 9P 5 a5 theu t%’}?gl tPRSkaddh & falR m@h t‘ﬂ'éeu aedie Papakt PR2

he b f. F l[t, th
buf Pé?diiﬁiﬁpsﬁgiehe a?’{%‘iya%épﬁ%cg%éﬁ’%f:f%'rf‘lg 24 por BSeE nARE Her] Of0l
- shown as k4 %Bﬁt re esents an 5 amount. of ,audio frape data that is
exact|y equa O pack 3 o?ab?t?(ﬁ% ?p%nén%eéserh%f 5 fﬁﬁ?aﬂ"rﬁ”ey
h bou t t io franme
data ¥ of Tne’\giiPr aiRady "Bt FROMRCOY e ik st
dl f Ki t esu t he
hudh b packi HELan@S 18 hgiﬁtv'éﬁ‘édﬁﬁc ot i ijﬁ Okt of
dio f t_ shou
gggegga: on L%{I@&%aﬁéghg%l fze o Cé}fggﬁj} ?J%gvgﬁgl ozc?ecdo)ogreﬁﬁf hk% ;:31
h r i o
A5, 50 (DatabhIP didoder pfESRLCEIN 0TS il agter Al ctoputl o

frames and one part of the audlo frame data for a fifth

10 audio frame.

As shown by the point k2 on the inclined part k1,
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 of
one set of audio frame data, so that the audio decoder
lbuffer 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 p31 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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the preceding exanple, will not be possible. One exanple of this is
the case where 4KB of audio franme 20 data is stored in the audi o data

buf fer eveyo ddmugsh t he final set of audio franme data weImBbs6ibeen
partly stored. .Since the capacity of the audi o decoder buffer

is 4KB, which is 5.333... (4096 bytes/ 768 bytes) tines the data size
of the augioihiute fe§athiils GAMDS paer pX¥B8, that iHISinedr pash %3
non-integer nuitber of " sets of audi o frame data. _

64 is produced inFithe 2Hfashons the Beteowhere FEE. opsauding f4 ane
data is stored in the audi o decoder buffer, though the final set of

audi o frapesdaty ithenbuffer locctpandy of thdhaudpperdgesddeef buffe?6A
shows that the video pack 5 p31l, which is the final video pack in a
VOBU, hasithbeeases todthepdawveB2shownt iamndd i thatli atepyedehitseart, in the
same way as in Fig. 25. The vertical broken lines that descend
fronbt he amountawdi apdik E3anendiabaethiat iis|eéxadtiar tedqpialho foaws 10
the increase in buffer occupancy caused by audi o pack. p32. The

hori zont asetsneft latdbat Eradmef rdatahe Pbils HKows thaidr the beukdairy he

i nclined part k1l does not cross the vertical guideline at a boundary
bet ween sefsVOBUsugratches & hgwndary, befween getss offraudiof Sramse with
Fig. 25 15 is that the buffer occupancy at the point k2 is 4,096

bytes. Si®%ata4, 096 bytes of audio frane data are al ready stored in
t he audi o decoder _buffer, transfer of ) t he audio gack p33_to the audio
decoder buffer irN@héfication of the final video pack in a VOBU is

10  unexpectedly sent from the video packing unit 18. As a
result, the audio packing unit 15 has_to suddenly
arrange the remaining part of the audio 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 is 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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same way as in Fig. 25 will cause an overflowin the 20 audi o decoder

buf fer. In this case, it is inpossible to input the
renai ni ng PYOWIBIS88he audi o frane data in audi o pack P33 PCT/JR98/08612
audi o decoder buffer, so that the boundary bet ween VOBUs does not

mat ch the boundary between sets 25 of audio frane data.

Buffer control is [midgor2éa shohs shei stmticdi where 4KB of audio frame
65 unit 15 so as to particularly avoid the situation
descri bed aboyve whestdiedaid dhiecaddiobdifaades buffer cobbbugd thel | ed
with audio franme data. In detail, the audi o packing unit 15 has a
buf f er st atfimal nseitnexf atdiowforame hdapeedss conlyepaktiby agbored3Sa’ is
set as the upper limt for the anount of data in the audi o decoder
buf fer. Fi fheeBppeawpatie ofakyigi cA6Anshewsputhat the videgt Pagien the
amount of data in the audi o decoder ) buffer is subjected to the upper
linit BSa' rib, buhfich 19 theodiimalivigdeor darld 8 hMOBPe hasuihef
accunul at ed data in the audi o decoder buffer does not exceed.BSa'.
The rul es faiidifnepasieRdaaprsd toionedsimpediately pefqresit ddgeddi®n
the al gorithmused by the encoder and there is no especially
favorabl e FAMOIVEST ahelR Fig9. Z3tablishnent. In the present enbodi nent,

i 7e of one audi o (PAEVPEHiGH boBRPRET L ingRAthat descendFron Ene™ ®

audio pack p32 indicate the inclined part k1l that shows

10 the increase in buffer occupancy caused by audio pack
p32. The horizontal line that extends from the point k2
at the peak of the inclined part kl does not cross the
vertical guideline at a boundary between sets of audio
frame data, as in Fig. 25. The difference with Fig. 25

15 is that the buffer occupancy at the point k2 is 4,096
bytes. Since 4,096 bytes of audio frame data are
already stored in the audio decoder buffer, transfer of
the audio pack p33 to the audio decoder buffer in the
same way as in Fig. 25 will cause an overflow in the

20 audio decoder buffer.

In this case, it is 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
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Br = ( 4KB % Aaudi o ) (Equation 2-1) 20 BSa' = 4KB - Br

(Equation 2-2) where "% represents a calculation that finds a
remai nder wo 99/31888 The use of the above equation neans p&pypdshSsr725
upper limt for the amount of data in the audi o decoder buffer is an

integer multiple of the size of the data in

66 : Q. . ' 4 he . f dat
accunulatégnfﬁ %Eeggﬁéﬁﬁdggc%%ér éﬂ%?%?lgf?ﬁﬁﬁ%¥a%§%e§éEHBHHEORthi2 2
predet er Mdedcaipedt 3eve wheee tﬂ}?eSaQBH@b AHecoder Pﬁ‘f@%?‘é@%ed data in

t he audi o decoder buffer will not exceed the value o " found

accor di ng démpueeeilsn Filled with 48 %bh@!d@tyé.bex?ﬁ%&@afg?c%ﬂé‘ the
(0]

audi o decoder buffer to input the remaining data I1n an au

frame. To glidtoapheXimynenital sexa®! £sburFer tdYe maintaffegand a
bitrate of 192Kbps are used, the value of 10 Aaudio w il be 768 bytes,

so tifat Bwheéeré bhe2Prd¢tesrmined datd, SRGURM 65Sa' (7688 Jott ess *Bhy. This
means that in Fig. 26B, the anount of accumul ated data in the audio

decoder buffmeri 3imilj étdedthe amoupperofi dataB3a the audio UWSIOABY es.
15 Wien storing audio frame data into a pack, the audi o
packi ng utiuffierj udfiyg wikbBeshawsalthe fbnadshiyion inattenpufer
accunul ated data anmount in the virtual decoder buffer 16 to the
payl oad sistte wbegr &ieeramount of datwe pnettdwecranchbd deroddSa’ . I so,
t he audi o_packing ,
buffer is subjected to the upper limit BSa' and buffer
10 control is performed so that the amount of accumulated
data in the audio decoder buffer does not exceed BSa'.
The rules for the determination of this upper
limit BSa' depend ‘on the algorithm used by the encoder
and there is no especially favorable method for their
15 establishment. In the present embodiment, BSa is set as
the value found by the equation below, where the data

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

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 ih
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20 unit 15 generates the next pack and assigns an SCR t hat shows

the present tine to the header. Wen the total of t he accunul at ed
data anount WQ9¥H88%i r t ual decoder buffer 16 and the payiCTaRIPHE? | s
greater than the predeterm ned size BSa', the audio packing unit 15

waits 25 for the accunul ated data anount to be reduced by the

decodi ng ofonéeamekito afidamef.r arfghishmearns tiatinthat etnount of data

67 data amount has been sufficiently reduced for the total
of the accumotumedated anodifte axadibedeodady buffamw will nod véxberdt he
predeterm ned size BSa', the audi o packing .unit 15 generates the next
pack and asthgfspaedtrerminedrmpugtt BSal ne Sinoeatthei amoumtt hefheader .
The following is a description of the procedure by which the audio
packi ng uni2ceymilafied edatide it skhe audigidegedardibntEesdud Iufnet and
generates audio based on the principles described above. Fig.

I s 8" LPRCPRBncH ERRE SHVBSE he EFRbdRFBOBLING cHot REURTAon 2-

packi ng unit 15 generaj aydi o cks while sinulating - the state of

the audi o decol D_@‘uf“!’efi aliwaygal_’e SnouYiLt FPASE, Jtl'h_éﬂé%dfibl%ki ng unit

18,020, 1 pcaget 1 iBkell S2ELALLENLIS SOUILIDS UL, St Le Lo

MR R KL BN S B i SRR

_ audi o enco%&&g and a bitrate of 192Kbps are used, the wvalue of

10 Aaudio will be 768 bytes, so that Br will be 256 bytes
(= 4,096 bytes - (768 bytes *5)). This means that in
-Fig. 26B, the amount of accumulated data in the audio
decoder buffer is subjected to an upper limit BSa' of
3,840 bytes.

i5 When storing audio frame data into a pack, the
audio packing unit 15 judges whether a value found by
adding the accumulated data amount in the virtual
decoder buffer 16 to the payload size is no greater than
the predetermined size BSa'. If so, the audio packing

20 unit 15 generates the next pack and 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 is greater than the
predetermined size BSa', the audio 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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buf fer 2d. The audi o packing unit 15 stores this 20 extracted audio

frame data in a pack. Based on the virtual presentation tine t, the
audi o packjdgorsigsd 15 assigns an SCR and PTS to generpdEy®gn08610di o
pack. The audi o packing unit 15 adds the payl oad size of the pack

to the anmount of accunulated data in the buffer, and 25 plots an

inclined gag !dhéﬁﬁtVh@§3ﬂﬁéﬁcﬁﬁﬁfi@£3ﬁ¥l§6reduced for th@"ﬁﬁﬁﬁ%g3

t he audi o packing unit 15 judges

- whether tfJe yid UpbcamBiated i @athi BRduroWnhadthr load siizd ugd
presentation time counting unit 17 has reached the presentation start

time of apeawdithin afBe Protiitermined Bid€pBS4 ', hatieidhadpacipatkimgt 15
det er m nes whet her 5 the input-possible tine of an audi o pack has been
reached. 4LhiROIL5 ifenéentss the Aegito pearikiamgduaisisibdns an SORIges whet her
the notification of the storage of the final video pack in a VOBU has
beensgi veshoWiery ttiee time raasuthatNpoiirst gioebhenheasder| udgenent in steps
S3to 10 S5, the audi o packing unit 15 proceeds to step S6 where

it has the virtualhpr Eedrtewing tistea cescription df the prowsdurat the
virtual presentation tine t. The increnenting in step S6 is

r epeat ed gt whitdle the auddsulpackiny unigi vih shimudatsss | thgesdate i n
steps S3 15 to S5. This repeated increnmenting of the virtual

pr esent at ofnthemaudiesdecoder thuffent @ad pgereradeisoraudio peioks t
reaching the presentation start_tine of a set of audi o_frane dat a.
When t hi sbasethercdthe prdncigles descriked aboyeven Figstéd $3 and the

procedure _advances to _ , i
flowchart that shows the procedure by which the audio

packing unit 15 generates audio packs while simulating
the state of the audio decoder buffer. |
In step S81; the audio packing unit 15 has the

virtual presentation time counting unit 17 start to

15 count the virtual presentation time t. In step S2, the
audio packing unit 15 extracts audio frame data of a
predetermined 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 stores this

20 extracted audio frame data in a pack. Based on the
virtual presentation time t, the audio 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 S3, the audio packing unit 15 judges
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20 step S7. In step S7, the audio packing unit 15 plots a st epped
part in the virtual decoder buffer 16 to reduce the anount of
accunul at edwe@es9s1888 t he buffer by the size of the audi oPFFARI/A§E7,.
The processing then advances to step S6 wheree the virtual
presentation time t is 25 I ncrement ed again, before entering the | oop
processi ngwhetheirnt$teepei f8ud $resentation time t counted by the 69
On the other hand, when the repeated increnmenting of the virtual
present ati onriuelt presgntatiarhedime countringl upidsdnt dnasn neaghed
reachi ng the input-possible time of an audi o pack, the processing
advances t chx epresentafgjonhetanthet ingi e Hhavki agdie tfuameudgds itREher a
size given by adding the amount of data accunulated in . the buffer to
t he payl oadisi sbeps SA tihe awgdio packppgdatekti heddstarmiges whether
If this size exceeds the predetermined size BSa!, 10  there is the danger
that iSnput tdiet hepakdirepaiRlenttoime of ame alidie Rasdddrasubeen will cause
an overflow in the audi o decoder buffer. As a.result, the processing
advances t @eaeheds arkf tRehsbddk 3ECPhEIN0de ranAs?e RAcking ynidy 1hat
the audi o packing unit 15 wajts for, the 15 qgnugt of accunulg;gg}data I n
the audi o datdgef whatder the motftiegddon or the storage;p ®ul at ed
size is bel ow the predeternjned i ze BSa' , the processin vances to
Step SO whdnRACVIAES Bafko 1ok HRBHnFE S Besr: GerE i BhPfatdein o o
a result "No" is given in every judgement in steps S3 to
10 S5, the audio packing unit 15 proceeds to step S6 where
it has the wvirtual presentation time counting unit 17
increment the virtual presentation time t.
The incrementing in step S6 is repeated until the
result "Yes" is given in one of judgements in steps S3
15 to S5. This repeated incrementing of the virtual
presentation time t results in the wvirtual presentation
time t reaching the presentation start time of a set of
audio frame data. When this is the case, the result
"Yes™ is given in step S3, and the procedure advances to
20 step S7. In step S7, the audio packing unit 15 plots a
stepped part in the virtual decoder buffer 16 to reduce
the amount of accumulated data in the buffer by the size
of the audio frame data. The processing then advances
to step S6 where the virtual presentation time t is
25 incremented again, before entering the loop processing

in steps S3 to S6.
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20 predeterm ned size fromthe start of the arrangenent of sets of
audio frane data stored in the audi o encodi ng buffer 2d. The audio

packi ng unybd 99/31886 r anges this extracted audi o franme dpeggpdsngeray! oad
of an audio pack. Based on the virtual presentation tinme t, the 25

audi o packing unit 15 assigns an SCR and PTS to the header to

generate an audi o gRCkheAotits SKARA! | Werd Nene r ted i i
70 audi o packi ng uni t 15 adds t%e S ﬁ%ﬁ? s}ggrg %ﬂ%}%%ck

to the anynitRe 9GEHBARIgdedntdtidhetinel & ré9dlts_in HOLS an
inclined part in the virtual decoder buffer 16. The processing then

proceeds toi stealSprdwsetatéon Timeitt vabchieRENERE! QR Bodsssbl '
i ncremented, before the processing enters the | oop of “steps S? to S6

agai n. time of an Eediocpenikt ititge oprobeswyimrgiaddpansey aid 08tEph®

t is repeated until the audi o packing unit 15 unexpectedly receives
noti fS cat iS8, fwherehéhe dmedid0paciaioky ngniti 1518 udgest ktdtimet yi deo pack
in a VOBU has been st ored. On being inforned that the
final videdzacgivenaby addiogUtiees dmeuntt ofediatdeaendimmlzeddngnunit 15
advances to step S10 where it finds the remai nder "FrameRemain" 15
that is | &he viefifene teaptiee t payflodt duteéeisi swidilvimethe by the size
of one set of audio frame data. Next, in step S11, the audi o packing
unit 15 j pdepemamed iize BSadj.ze of FraneRemain is zero. If so, the
processi ng proceeds to step S6 where the virtual presentation tine

20 t is increnedtfedbbsopézeneirerdssths atedeterminesh 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 loop 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.

If the calculated size is below the predetermined
size BSa;, the processing advances to étep S9 where the
audio packing unit 15 extracts audio frame data of a

20 predetermined 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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of steps S3 to S6. If not, the processing advances to step S12, where
the audi o packing unit 15 extracts the remai ni ng audi o frane data
fromthe st 3fQ9%3188%e arrangement of sets of audio franm®CIAPIBAIH ed
in the 25 audi o encodi ng buffer 2d. The audi o packing unit 15
arranges this extracted audio frame data in a payl oad of
71 audio pagkiiyoupatk 15 adds the pagphead @izdeofi thealpack
presentation time t, the audi o packing unit 15 assigns an SCR and PTS
to the torﬁheeamgu@kn@faa@qnmuiatedpgacaTﬁa phec dusf figr, hand 5
- advances to step S13 where the audi o packing unit 15 j udges whet her
the differ @ketsetfednahingdypeat slzethe vinguwalhdegndesi bufdierrhbe
Remain is 8 bytes or nore. If so, in step S14 the audio g@fklng uni t
15 stores &N€ Progeddind phbrRs: nrPeeedsudico $eeR. S6awheike ot hand, if
100 the difference is less than 8 bytes, in step S15 the audi o
. packi iy unl"flli’%uéﬂ-opéée%q%?@Fh@rbﬁJéﬁel Bt &5t Hncremengadetbafozer tiet he
audi o pack. After this, processi ng proceeds to step S6 where the
vi rt ual Pr°‘b?§§éﬁ9at%‘he¥?rr$hte iLOPRcPEMETARS Béf 6 Sheagadn.
processing enters | pop of steps S3 t9Q.S6 once a
Since the audio engﬂ?ﬁ' ng™ Eﬁﬁmaﬁntzﬁngt Bfedh§evirtua %-pIRFF%FPP%anl%%tEl@\e
audi o frange data_encoded. b di o_encoder 2c.in the order in
whi ch theg%na]v% ’688ﬁaq:ed &%ﬁ&idé'-&}e t%‘éaéadﬂ? gn&n&ﬁ% 135 may j udge
whet her thFfmexpectedly 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 backing 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 loép
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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20 next audio frame data to be stored has been partly stored in the

I mredi ately precedi ng audi o pack data size of the audio frame data in
the audi oyapsHstsg buffer 2d by referring to the dat apSiva®sosit he
audio frame data in t he audi o encoding buffer 2d. 25

72 (2-2-2-3) Procedure for the Partial Deletion of a VOB
The contr ot 1 orns partial delete operations using a
standard un%gbéﬁ %%gﬁébcessing a data format standardi zed under

| SO' | EC 13346. T@a eéc8ﬁfrﬁf@g@fﬁg‘a§}”c é)éﬂiféﬂi‘?mbﬁs)ﬁﬂé ‘g?ntt’h%l _ unit 1

her e refers 1o access unit read or wite

data ont %&&iérg@ct hPMeh RAM1ig) £l g £6H8T ¥nUigdE #Rd BIPs to the UNItS.

Representative exanples of the standard functions 10 provi ded by the
control Wdiddrat® erndrhf¥San audio pack. FhélaprBedieislyseneacor ding

unit 100 record a file entry and obtaining the file identification

desqg i pt fdvances to step251Goniasté nBhe berblsiesaskeagorurite ©bsc that
i ncludes one file into an enpty area. 15 3. ntrolling the disc

access ugjdd sowheathdhethe difflérentcdebeitiieti i thedpagligidrsdkea
specified file froma DVD- RAM 4. Controlling the disc
access urdrid3the dext@ dsilzéaof FramerRematin s e bptesy omtmotrée disc.
20 5. Controlling the disc access unit 3 to read an
If so, in step S14 the audio packing unit 15 stores a
padding paqket 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 sfep 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 audio 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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extent that conposes a file recorded on the disc. 6.

Controlling the disc access unit 3 to nove the optical picku
desired posiWP8%31888¢ he extents that conpose a file. 23PCTA 98/05617
The followng is an explanation of the processing - - of the control unit

-1 when performn partial delete 73

 based m1théZDQJinﬁWePEQ@ﬁ@uEﬁngg the Bartiadd Defetion offia). VOB is a
fl omchart showi ng the processi ng when perforn1ng partial del ete of
a VOB. In step S21 Bhe contxaisupidwharerforsisc@rrbialnidelleterst renews

- the VOB 5 i nformati on and PGC information as shown in Figs. 17,

' 18A, and 18€Peaﬁ&hmt‘é§lﬂgeal%aeﬁﬁﬁ-”desfunctlon for acrgssigg 22, the
control unit 1 refers to th relative address of the VOBU that is
given in tHé@Eppdormat ﬁﬁﬁqqﬁ¥ﬁ%ﬁ?doﬁn49ﬁi%%@éﬁﬁQ%ﬂ%§ﬂ§Htsﬂhﬁu
correspond 10 . to E@% VOBUs t hat ca deIeted area Here, the
del et aré%tﬁﬁgﬁﬁﬁ %BHE%ﬁ)HﬁQV% CopF Rl unit dokerftents.

Th | et . I it VOBUs
cor reapond $6T8T tiul FogtEPL OF thg éﬁac i%cﬁﬁgéaéipﬁs« i Feara o, Fride
gpto a pIur I|t %o Oro£rexteﬂtsR&®nEm@L nde ﬁ%&g“ﬂikﬁfsthe f%ﬁcture

“this 1¥@% the processi ng advances to step 830. Step S30 mar ks
the start o FOop conposed of the steps from

Representative examples of the standard functions

10 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.

15 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.

20 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. |

25
The following is an explanation of the processing

of the control unit 1 when performing a partial delete
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20 step S23 to S29 that is perfornmed for each of the specified
extents. In step S23, the control unit 1 determ nes

whet her - t i sbdigdsed area is positioned at the start of pCT/iresmsei f i ed
extent. Fig. 29A shows the case where the 25 deleted area is positioned
at the start of the specified extent. Wien the deleted area is at the

start of yifsed on the procedure shown in Figs/4 17, 18A, and 18Ktent as
shown in Fig. 29A, the'result "Yes" is given for the judgenent in

step S23pignd 28eipr ceSrdwehart shdbDs§etdhel PriocPsS2Ag when I'n
step S24, the |logical block length of the 5 del eted area is added to

the recopdirmfophihly ROPAtoDalf delete ¢heaswoB.fielhesten sAW ¢8e | ogi cal
bl ock | ength of this extent is reduced by the |ogical block |Iength
of tHie flebethdrrecath8ycdatmplounibelcdiirst nenewk the VOBpdat es
the recording start position and extent length 10 fromthose indicated
by the bhekforhabiéen rarfd PGRIAnformationhase shuwrwairdFigs.heldplid
| i nes. In step S25, the control unit 1 judges whet her
t he del efl8R arandi 3 8Bosiandnegdateshelemdfdlet lemtries.specified extent.
Fig. 29B shows the case where the 15 deleted area is positioned at the
end of the speciflirecstep S28xt dihe awBhrode wsitet bdrafexrs statthBe end of
an extent as shown in Fig. 29B, the result "Yes" is given for
t he judgaedrativiesaddrsms @fdthee VQBIEcEhahglis givemroéBeddha cimep S26:
In step S26, the |ogical block .
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 completeiy independently of the structure of
the VOBUSs. |
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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20 | ength of the present extent is reduced by the | ogical bl ock
| ength of the deleted area. By doing so, the control unit 1 updates
the extent IW@39MB1I8B8om t he broken line shown in Fig. 29BPGRIRIFES6D| i d
i ne. In step S27, the control unit 1. determ nes 25
whet her the deleted area is positioned m dway through the specified
extent. Fi gextéftshmisshowncdse Bigr e26Rp the result "Yes" is given
- 75 del eted area is positioned mdway through the specified
ext ent. Weforhtheeljoidgerness iin nstepy S23oughdathe proegssings shown in
"~ Fig. 29C, the result "Yes" is given for the judgenent in step S27,
and the pr@eeeergs 1B spebc -to step S28. In step S28,
the control unit first registers the . streamdata that exists after
the del eted area i R 8tEP S24, therlagicahehloalkentenghb afhttbe unit 1
t hen regi sters an allocation descriptor in the file entry. 10 Thi s
al l oca i on Qﬁgetﬁﬁt @remsighaddedttadihesseeerdéng stamy pessdttien of
- follows the deleted area_as the recording . start position and the data
length of tHe pER&ifiiRAsextent apdathe tipgiealcklastlckengiss rof
Next, in step, S29, the recording start sition, 15 of the original
ext ent isIéi&sa§xﬁgqg,l%nﬁegﬂ9Q%3?XaE%e logiradk blask nleppitder®f n the
al | ocati on descr,i t%#%ﬂor thhi extent is reduced by a suym of the
~logical bl deletieth A HeBr t Y RPLEEd SQretRAICORE A BBEtbilock | engt h
written In&gﬁééggo%ﬁéc¥%g8§%y &cgtégttg%é¥%&éﬁlSnd'extent length
10 from those indicated by the broken lines in Fig. 29A 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. 1In 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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20 entry. When the result "No" is given in Fig. 27, the

specified extent is to be deleted inits entirety, so that the
processi Ngy@sn$iggls to step S31 where the extent is dptpi®g0se125

By repeating the above | oop process for each extent specified in step
S23, the control unit 1 76

conpl et e " il dek ehs SARSIGHé@ midway through

enbodi mefl(%éf%ggt eatot al boF 'ftﬁie(ﬂli paf/llyoa(}1 s?lzlg o#t@‘a%?%%ggég‘% n a

VOBU is 2408ntNt €4fifen the DIdHBE ffed 3 mfawdy eHrclgnhdaha, a -
paddi ng packet 5 or stuffing bytes are inserted into a pack to nmake the

boundary betaRena¥ORowRt ¢h FikpuPiacy eBenaRIsSEES"Yes" is ?5!%91 frame

data. This nmeans that so |long as a parti al delete is perfornmed in

VOBU uni tEort BREE jitddemehek isf step S2He paid ithe dpkeedseinvgng only a
former or latter part 10 of a set of audio frane data. As a result, by
updag i ng proceetBnagegtépi 82@r.mati on such as file entries in units of

VOBUs, a recording apparatus can easily performa . partial delete.
Even when noti fi c&iistepf S28; stheagentirdlhamnid fifdatalregiistepackhe a
VOBU i s suddenly received, the process for inserting a paddi ng packet
or stuffistgrégmedata thatt expats afivernthentdanbatetdy armse imeabfiadedary of
VOBUs aligned with a boundary between sets of audio frame data using
a techni mrecdgf asead wawi exteatbuf fBre @ontredntumitnét tderof the audio
packi ng unit 15.
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 1length.
Next, in step 829, 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 is delgted.
25 By repeating the above loop process for each

extent specified in step S$23, the control unit 1
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Second Enbodi nent The second enbodi nent of the present

I nvention focuses on the storage of sets of audio frame data in 25
packs at a wet9B188 one set of audio frane data to one DK/ EP98/05617
777 Fig.- 30 is a representation of when one set of
audio franme data is stored in each pack. The upper part of
Fig. 30 shesmglhetd§Bbhe partiplodisdestdyopelratnlening audi o packs and

vi deo packs. 5 The audi o pack P61 in these VOBUs is indicated by the
arrows that extendIfty athé¢ hpresednt fembeddment, whew rhe totalt ke thes
pack only stores the audio frame data Z shown in the | ower part of
Fig. 30. |pagiloadhsiaediof faadito packs dahaaZViOBBtbsed, ron-timsedearea i s
left in the audio 10 pack P61. To fill this unused area, a paddi ng
packet is multipleseft ad seit cofhaualidi of pamke Fatta, a padding packefe
sane way, the audi o packs P62, P63, P64 shown in the upper part of
Fig. 80 arorr sdpeffing pytes arendinaextedyint® = rpackt fat rexkenthier om
the sets of 15 audio frame data Z+1, Z+2, Z+3. This.shows that these
packs respboundayyohefwaan cVOREss@mateh aubosrdany betweemtaeksl ofz+2,
Z+3. Since only one set of audio frane data is_stored in each audio
pack, unusadiddreasframe |daia. Thijs)mernpayheddsoflenshasd auprstadks

P62, P63, and 20 . P64. _To fill these unused areas, a padding packet is
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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inserted into each audi o pack. Fig. 31 shows how the state of
t he buffer changes due to the VOBUs shown in Fig. 30. The bottom part
of Mg 9y/BiBsshows the sane VOBUs as Fig. 30. The m ddl pct/aessiosear t
shows a sequence of audi o packs that is obtained by separating audio
packs fromthe VOBUs shown in the 78

bottom part. The FQ? P30 i &i gepPbIenttaBisANcFWHNEW one sett e
i ncreases in the buffer occupancy of the audio decoder buffer due to

the transdediof fitameudatal dastored ifateadh gacke packs in the niddle
part to the audio 5 decoder buffer. Each inclined part in
the graph in Fig.TBé mppeus part ofoHiige 30 shewSCRIg VeOBUg a packet
header and falls at the PTS given to the pack header of the pack.

Thi s pretdured oy mhdtiplexioig eaudiau@:iacckmcandhaﬁ.dﬁ@rpackst 10 of
audio franme data into the audi o decoder buffer is conpl eted by the
present atThe sudio tpaek Bélwdnciheseat VOBUs is hindidiaked dmp dhea in the
audi o pack i s decoded. Wth the present enbodi ment, only one
set of arroWadithaty aﬁiﬁétaadaflr§11$t1bh©daudléhc£rmGi dagacks, sshotrang 15
the sinmulation of the buffer state u5|ng the virtual decoder buffer
16 i s no Ghakekth A&xﬂﬁﬁ#yoniﬂ'§ﬁﬁ%#§ the audin frameosatiaicii shopm t he
system encoder 2e can nplified. _The scal e of the audi o decoder

buf fer caf the &WﬁftR@FEd8§e§%Qrt%@ si Z& embnetBet apdimdfsameare 20

data, whig¢ch reduces the nuf act uri ng.cost of, the
éﬁta g gs storgg an unuséh area 1is left in the audio

10 pack P6l. To fill this unused area, a padding packet is
inserted into the audio pack Pé6l.

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

20 P64. To fill 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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recordi ng appar at us. The present invention has been descri bed
by way of the above enbodi nents, though these enbodi nents are

mere exanpl MO W38t ens that are presently expected to 25 P&IEPER/ES617
favorably. It should be obvious that various nodi fications can be

made wi t hout departing fromthe 79
techni cal bedpeomf pamits | aat toP wenofediiasenddt iive a grapbxshwwingf
such nodifications are given bel ow. (a) In the first enbodi nent,
the DVD refhaicingpeases Bn thesdubterascsaipapayded dde oapdigsed in

pl ace of a donestic non-portable video tape recorder. However,

when a DvDIRAQ@der buffar dyeotgydhrdrtansdiern of thecaufier frame

followi ng constryuction_ is al sp passihble. The di sc access unit 3 may
g )

" be connect 8843 EreBmbdiePagks 1Bhstfl%¢dn§d§@‘ﬁ R&Fh| Eocdffit 8Rddest ens
of £l et 1) BECOARE EPUEERA Co Engl neers) 1394 i nierface o &5 to
0 sc acoess unit SEREH pEActaRed BRPECIT PR BERBR idi dibfe. JneCoRBt or
% e oo HPUHE IR AP 52! B APIL LS EIRAS P
2L SRR 0AS LHE Bllp etk oF indSpath. iRLsl "
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 audio 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 wvirtual
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 wvarious

modifications can be made without departing from the

79



buffer state can be achi eved by a machi ne | anguage program Such
machi ne | anguage program may be di stributed and sol d having been

recorded Q4o Jos518680" di Ng medi um Exanpl es of such recopéi/nspsigsizum are
an 1C 25 (tntegrated circuit) card, an optical disc, or a floppy
di sc. The machi ne | anguage program recorded on the

80 tigh%icaﬂ@§65§%ngﬂnﬁﬂ1%“Iﬁ¥eh€§6d¥3i§§€éh‘%@§f§ébﬁt§k§%@9rd

conput er. Xxecut i ng e Installed nmachi ne | anguage prograns, the

standard 185 &N AeBhedditeicationsl Wi iPNvef bigw ecor ding
apparatus of the first 5 enbodi nent. (b) In the

enbodi nents, only video streans and audi o streans were described as
being multiplexed into VOBs. However, a sub-picture stream i ncl udi ng

of text fg) 10 Imubhet farsthadémbedihesit subthecDvd tredopdeengtoh was
conpression may also be nmultiplexed into VOBs, with the boundari es
bet vieen \d@EBscsibed ke Npedhiggeedievidet he be usedoindplisese befwaen sets of
audi o frame data. 15 (c) The enbodi ments describe the case where
one vi deadomestitr amn-grorbvablaudridéo abhepear ecacerdeaes .t hélawever,
However, there are cases where one picture is in fact depi cted using
1.5 fransghesuahD¥O-RAM aigi usedbtasadn storagehgnedsum gFigr dbwn i s used
with images for 24 frame per 20 second being subject to conpression in
t he same aepater, theyfalipwhneieenatsuctiion jhsealseon pesihde.
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 OS
(operating system), and application software that is run
on the O0OS. .
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 (integrated circuit) card, an optical disc, or a floppy

disc. The machine language program recorded on the
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effectively depend on 3:2 pulldown, so that there is no particul ar
restriction on the franmes used. 25 (d) In the second enbodi nent, one
set of audi 8VQ PHIASSS data is stored in one audi o pack, al PSIHEPSASEY or
t hree ' 81 sets of audio

frame data may be stored in one audio pack, provided that this in
wi t hi n t he mapardingfmedium may dibbién packinstalled (ig)to al sttamddrdst

- and second enbodi nents, Dol by-AC3, MPEG and Linear-PCM are given the
audi o codi ePMPUESr. By ekeaiying htheednstal letf swchimecliamghaget he
enbodi nents can still be achieved even if other coding nmodes are
~used. 10 programs), thenpstpadird:canpudereaBnbediiaste stheach pack
~only includes one packet, although a pack may instead _include a
plurality dfupgEkens Qk thet gecording apparakwgyedt gl LesG net hods.
15 The first and second enbodi nents describe an

(9, ..
exanpl m&%badwm i s used, although the present i nvention is
not limted to the use of this recording medi um The sane effects
may still be achieved if any 20 rewitable medium such as a hard disk

drive or aWﬂWD Ind{hgebﬂﬁ%é§ﬁghts, only video streams and audio
streams were described as being multiplexed into VOBs.
However, a sub-picture stream including of text for
10 subtitles that has been subjected to run-length
compression may also be multiplexed into VOBs, with the
boundaries between VOBs still being aligned with the

boundaries between sets of audio frame data.

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 in 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 (a) In the second embodiment, one set of audio frame

data is stored in one audio pack, although two or three
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Al t hough the present invention has been fully descri bed by way of
exanples with reference to the 25 acconpanying drawings, it is to be

not ed t haiyo/dvd1846S changes and nodifications will be wmapfosods1t O
t hose 82 skilled in the
art. Therefore, unless such changes and nodi fications depart fromthe

ol udeqSots POEEML0 £rah8 BB Mot Y SEREEY iy IOfR iRt GS belno
The opti ealci] SErabidi RSENEHBV O 1RICRAR Rhe capalied \or feRbl i tate

the edit eo I mages 1 n such various fie catlon
broadcas%kggx,gggbkshlng 10 and nedi cine. The recordlng appar at us and
conput er - readabl e storage nedi um storing a recording program

descri bed by the present invention can also be used in t hese fields
to record images that can be easily edited at a later date.

5 (e) In the first and second embodiments, Dolby-AC3,
MPEG, and Linear~-PCM are given the audio éoding modes,
although the technical effects described in the
embodiments can still be achieved even if other coding
modes are used.

10
(£) In the first and second embodiments, each pack
only includes one packet, although a pack may instead
include a plurality of packets, as is the case in
conventional MPEG methods.

15
(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, it is to be noted that various

changes and modifications will be apparent to those
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83 CLAI M5 1 1. An optical disc
for recording video objects that are 2 obt ai ned by nultiplexing a_video
stream i nclWOiI931888 3 plurality of sets of picture data andPEHIESEPY7
stream 4 including a plurality of sets of audio frane data, 5

each video object conprising a plurality of video 6 obj ect units whose

| engt hs arskwnililleich in ptheetaartni neBherefordmgenndess gsuch changaghanddeo
object unit storing conplete sets of 9 pi cture data and conpl ete sets of
audi o frameodafdcations gepmmet ofrogalthe secepeciafi nihie present

wherein the predetermned range is set so that a 3 total presentation
peri od of hhvestiowr, sthevofshpuldr be Longhrued, as paiBdodinetudert is no
| onger than one 5 second. 1 3. The optical disc of daim2, 2
wher ei n pithereigoups are formed in the video 3 stream each picture
group including at | east one set of 4 pi cture data that has been

i ntradencoded, and

INDUSTRIAL USE POSSIBILITY

The optical disc of the present invention can be
used to facilitate the editing of video images in such
various fields as education, broadcasting, publishing,

10 and medicine. The recording apparatus and computer-
readable storage medium storing a recording program
described by the present invention can also be used in
these fields to record images that can be easily edited

at a later date.
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5 each video object unit includes at |east one 6 conpl ete

pi cture group. 1 4. The optical disc of Caim 3,

84 WO029/31888 wherein the sets of audio frame dat apcpgpssiRegi7 N 3
each video object unit are divided into packs of a 4 pr edet er m ned

| ength, and 5 when a length of the audio franme data in a video 6

object unit is shorter than a total |@Engflgof recordable 7 areas in al
packs in the video object unit that store —8 the audio franme data, one of
a paddi ng packet and 9 stuffing byte(s) is inserted into at |east one
pack in 10 the video object unit. 1 5. The optical disc of Caimd4,

2 1 1.vwAer eiptivded didid ffoencecbediern videbendiedts Bhatt Rgaudio
frame data in a video object unit and the 4 total length of recordable
area? in ebtapaeks by mhitiplexingoaobjiceo witebhatimilaid®i hlgeaaudi o frane
data is 6 bel ow a predeterm ned nunber of bytes, stuffing byte(s) 7

are 3nserpbdra&tl¢yormf paeksi oft hpiotdee dajtectandi an audio $tréhe opti cal
disc of Cdaim4, wherein when the difference between the |ength
of 4 t:hrecwdmg raarpldzed ity aofuaebSoquecaudmotfa'ama rdatd, total

| engt h of recordable areas in packs in the video 5 object unit that
store the audio fea@e Videq Lbierbasomprising a plurality of video

6 object units whose lengths are within a predetermined
7 range, and

8 each video object unif storing complete sets of
9 picture data and complete sets of audio frame data.

1 2. The optical disc of Claim 1,

2 wherein the predetermined range is set so that a
3 total presentation period of all of the sets of picture

4 data in a video object unit is no longer than one

5 second.

1 3. The optical disc of Claim 2,

2 wherein picture groups are formed in the video

3 Stream, each picture group including at least one set of
4 picture data that has been intra-encoded, and

5 each video object unit includes at least one

6 - complete picture group.

1 4. The optical disc of Claim 3,

84
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6 the predeterm ned nunber of bytes, a padding packet is 7 I nserted

I nto one pack in the video object unit.

85 wo 99317888 The optical disc of Caim3, wherein the SREBIRIBNOSEI?
audi o frame data included in each video object unit are 3 divided into
packs of a predeterm ned | ength, and each 4 pack in a video object unit
inclugles at | east gRBredin WEPEELE 0 aud%dlﬂa:éxﬁ@naa%t a reetuged ahn a
padding 6 packet and stuffing byte(s). 8. An optical disc that
recorgls fidgcRBRAGREENSbIéct Iﬁﬁptrrakeordwmuédl enhtdapasker ofVigleo
objects, 3 each vi deo object being obtained by nultiplexing 4
a video stppatdeditrmineddiersitleanandd each vi deo object being an
arrangenent of a 6 plurality of video object units, 7 each

vi decsobj ect unit when g emgtht efSdilse cAudio frarher dada aimnd vddacet e
sets of audio frane data, 9 each file being divided into one or
nor e @xtendlsjetd uniiat isr sleacterethaded itohapl dreaigtly of cwrmcdable 11
areas on the optical disc, 12 the file managenent information

i ncl utli ng aeeasofin 1811 pasiks aimni hher mhtdem Obresdrhumktethateasttoset of
14 position information being given in units of video 15 object units
and b2i ng theagediias Hnamef daka st anes oft e paddingwrackets amsl ng "used"

and "unused". _
9 stuffing byte(s) is inserted into at least one pack in

10 the video object unit.

5. The optical disc of Claim 4,
wherein when a difference between the length of
the audio frame data in a video object unit and the
total length of recordable areas in all packs in the
- video object unit that store the audio frame data is

below a predetermined number of bytes, stuffing byte(s)

N oy O WP

are inserted into one pack in the video object unit.

6. The optical disc of Claim 4,

wherein when the difference between the length of
the audio frame data in a video object unit and the
total length of recordable areas in packs in the wvideo
object unit that store the audio frame data is at least

the predetermined number of bytes, a padding packet is

~N oy s W N e

inserted into one pack in the video object unit.

R 85
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1 9. A recording apparatus that records a video object 2 obt ai ned by
mul tiplexing a video streamthat includes a

86 wodopigggal ity of sets of picture data and an audi peplpsARsi74
that includes a plurality of sets of audio frane data 5 onto an opti cal
di sc, the recording apparatus 6 conprising: 7 an encoder for

encogi ng 4np sig&g& ecal, 8 :[ O O | .t.0.,3UCC ively generate
set sgof p?(':t ?rhee da?%ian Sscg?%fo?lg&([}\l (r)g’f &%Qgéba;t%%ogéés_ or _

mul 1Pl exhe s RPFIRALT dAVECAI MEHAAITRIAROyi dbo o fIEG ORLEG! LTS

t hat conpose a video object by successi vely nulti1-plexi ng-the
genegat edy$&h PhELUHE ckk3 dat i a q§¥ , h . gdeo

obj ect Uﬂ(lit% gi\ﬁgng J:EL4 f)_ aCIﬁ er?gft hélv\?tr%p% a pr%%%?_eri% eﬁ'r aﬁgg ae\r%'I

i ncl gdi ngpacklin $l¥idkbt vifedOMBhete isRiNu@ésPhe! e slatgnand a 16
plurality of conplete sets of audio frame data; and 17 _ recordi ng
means forcéRpledeéheck! wirlid YEphmelBata/i sl sheeds W bagasmgy ated by
the nultipl exing neans 19 onto the optical disc as a video objéect. 1
10. @he rpgekeitnarappetaffing Kytte sy, 2 wherein the sets of
audio frame data included in 3 each video object unit are divided into
packs of a 4  predetermned length, and 5 the mul ti pl exi ng
means inserts one of a padding 6 packet and stuffing byte(s) into at

| east oneBvi Amooptical disc that records file management

2 information and files that store video objects,

3 each video object being obtained by multiplexing
4 a video stream and an audio stream,

5 each video object being an arrangement of a

6 plurality of video” object units,

7 each video object unit storing complete sets of
8 picture data and complete sets of audio frame data, -

9 each file being divided into one or more extents
10 that are each recorded in a plurality of consecutive

11 areas on.the optical disc,
12 the file management information including sets of
13 position information for each extent, each set of

14 position information being given in units of video

15 object units and being managed as one of two states, the
16 two states being "used" and "unused”.

1 9. A recording apparatus that records a video object"

2 obtained by multiplexing a video stream that includes a

86
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7 object unit to ensure that the audio frame data in each 8 video

object unit is conposed of conplete sets of audio

87 WO 9931888 r ane dat a, 1 11. The recording appdicatixes/es617

Cl aim 10, 2 “wherein the nultiplexing means incl udes: 3

~a first judging unit for judging, when a video 4 object unit is being
gener @& ed, plherddity lehgsatsf athepictre alatia &ndnardawdio: Stereamreo
object unit is shorter 6 than a total |length of recordable areas in
all pakks ithat Includesideplobjakitunof edts sofr audieo afidamef datea dat a;
8 and 9 an arranging unit for arranging one of a padding

10 pucketonip@d snufiitikcait disc i rtket hecarbbngbpppanates 11 when a
judgenent of the first judging unit is 12 affirmative. 1 12. The
recor df ng mﬁﬂ-ﬁén@ Claim1l, 2 wherein the nultipl exi ng neans
further includes: a_second judging unit for judging, when the
4  judgenent oftrﬁpf¢3§9q3Rkﬁ%§ QHQQQ%QQT+PPMﬁlﬁk9na$S rgreheed: he

| engt h, of t e audio fr ne data in Vld 6 ect unit is shorter than

the tétal hoptside F%c§Hﬁ9§%§%Y€ |9?Qﬂ¥a 8cRehH ehePdicHrobj ect

f |
ﬁzh;eéaof %G%agstore t glgud'gm%gg%% baég, east a 9 predetern1ned

10 multiplexing means for successively generating
11 video object units that compose a video object by

12 successively multiplexing the generated sets of picturé
13 data and audio frame data, each video object unit having
14 a length within a predetermined range and including a

15 plurality of complete sets of picture data and a

16 plurality of complete sets of audio frame data; and
17 recording means for recording the plurality of
18 video object units generated by the multiplexing means
19 onto the optical disc as a video object.
1 10. The recording apparatus of Claim 9,
2 wherein the sets of audio frame data included in
3 each video object unit are divided into pécks of a
4 predetermined length, and’
5 the multiplexing means inserts one of a padding
6 packet and stuffing byte(s) into at least one wvideo
7 object unit to ensure that the audio frame data in each
8 video object unit is composed of complete sets of audio

87
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10 the arranging unit arranges a paddi ng packet into 11 t he
vi deo object unit if a judgenent of the second

88 wodos18ss udging unit is affirmative and stuffing bpdwi®sosaato 13
the video object unit if a judgenment of the second 14 judging unit is
negative. 1 13. The recording apparatus of Claim12, 2

whergei n thesmall HhRlsexi ng neans further includes: 3 a video

packing unit for storing each set of 4 picture data in at |east one

vi deo pack and for adding a 5 time stanp, showi ng an input tinme at which
the video 6 pack should be inputted into a decoder buffer, to a pack 7
header ofiachhei decdqedkng 8pparatus ef @ldiim pEGKi ng unit for storing
audio frame 9 data, out of the plurality of sets of encoded audio 10
frame data, of awhexeisartheeduslizepilekdrgn meahms pacdkiudds: and for addi ng
a tinme stanp, showing an input tine at 12 which the audi o pack should be
inpBted into tha détodtr jutlringuithat, fior awdgknpeaddremwfat rédaedi o pack;
and 14 pack arrangi ng nmeans for arrangi ng video packs 15 t hat
st ore pi chyectauaidnd sldésngagenerated; owbedingn aldengthanefdbhe in-
order of the respective input tines for 17 the decoder buffer, 18

t he i de@ysticki figame tdaeadingthecorideei ehjent urignils tsharkernudi o
packing unit on storing a final set 20 of picture data in a video object
uni t¢ i nt &hae artegad length of recordable areas in all packs in

7 the video object unit that store the audio frame data;
8 and
9 an arranging unit for arranging one of a padding

10 packet and stuffing byte(s) into the video object unit

11 when a judgement of the first judging unit is

12 affirmative.

1 12. The recording apparatus of Claim 11,

2 wherein the multiplexing means further includes:
3 a second judging unit for judging, when the

4 judgement of the first judging unit is affirmative,

5 whether -the length of the audio frame data in a video

6 object unit is shorter than the total length of

7 recordable areas in all packs in the video object unit
8 that store the audio frame data by at least a

9 predetermined number of bytes,
10 the arranging unit arranges a padding packet into
11 the video object unit if a judgement of the second

8 __ —
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21 vi deo packs, and 22 on receiving the conpletion signal, the
audi o 89 23 packing unit
storing setWO@¥3t88oded audio frame data of 24 the predet e"rfﬂ'i#é’&'”%ﬁ‘}e
into an audi o pack, adding one of 25 a paddi ng packet and stuffing
byte(s) to the audio pack 26 i f necessary. 14. The recording
appatat us dpdgiaignusltf dist rmﬁflzmatmra@dngtufilng byte ) ehBber
buffer for storin in an encoding,K 4 order, pluraljty of sets of audio
f r ank3dat athﬁatVJK&/@ objededinthcdded b}P@ﬁ@m@ﬁ’@odeﬁ thg second yherein
the audio packing unit extracts audio 7 frame data of a predeterm ned
sizeldt a Jvegding wpdt 4s NRYRBALVEy of sets of audio frame data in the
encoder 9 buf fer and arranges the extracted audio frame data into 10
an audio pack to fill the audio pack. 15. The recordi ng apparatus of

Cl aim 14, rein the video Kj un| sends a conpletion 3
signat to 1ﬁe %ﬁﬂcF%ﬁ@Fﬂﬁ?QMﬁQPGF%;H§$§£ gﬁg Yata 4 dreision

obt ai ped by dividing one o re |ct rou e first
judgifg unit det er WRHRF mﬁﬁn Lie§ﬁaﬂcﬁ%ﬁﬁ EWﬁ%qe%a%nFeHdéﬁﬂ t he

o 41 1T Gl B At P S B TR i o (1o

4 picture data in at least one video pack and for adding a
5. time stamp, showing an input time at which che video
6 pack should be inputted into a decoder buffer, to a pack
7 header of each video pack;
8 an audio packing unit for storing audio frame
9 data, out of the plurality of sets of encoded audio

10 frame data, of a predetermined size into an audio pack

11 and for adding a time stamp, showing an input time at

12 which the audio pack should be inputted into the decoder

13 buffer, to a pack header of the audio pack; and

14 pack arranging means for arranging video packs
15 that store picture data and audio packs that store audio
16 frame data in order of the respective input times for

17 the decoder buffer,

18 the video packing unit sending a completion

19 signal to the audio packing unit on storing a final set

20 of picture data in a video object unit into one or more

21 video packs, and

22 on receiving the completion signal, the audio
- -89
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10 the first arranging unit arranging, when the

90 11 first part of the next set of audio franme data has been

12  storewo93$88 precedi ng audi o pack, a remaining part ofpcTliPesndsire next
set of audio frame data and one of a padding 14 packet and stuffing data
into a next audio pack, and 15 t he pack arranging unit arranging
t he2gudi 0pRMind Sunith@tdFthydeet@ne Of i k f g
data 17 and the remaini ng pgrt o%nf.bhe enlggtaaggt %&gﬁd?%a?’{r%n%étl%Sb% dat a
i medi at ekheafpesdetertdngdcki #Bali ntiores alil@iolpack) nabiddde shai sigon
obtai ned by dividing the picture 20 group(s). 1 16. THe recording
appasat usaohaddi mylpackat and stufifdrey rbybe (s9cayl thdgap@ieipatrdges,
when the 3 first part of the next set of audio frane data has been 4

st oRéd i nittheeomssaatel y precedi ng audi o pack, whether 5 a difference
between a data size of a remaining part of 6 t he next set of audio frame
data and a size of an audio 7 pack is at |east a predeterm ned nunber of
bytes, 8 the first arranging unit storing a paddi ng packet 9

i ncl &di nglgadd@he vecerdiny tappasatusudid Qhakmwid, therther difference
is at least equal to the predeterm ned nunmber 11  of bytes, and storing
st uf 2i ng BPMPE)siRgpaddi ng data 12 I nto a packet header of the next

audi o0 pack when the 13 difference is bel ow the predeterm ned nunber of
byt ed. an encoder buffer for storing, in an encoding

4 order, a plurality of sets of audio frame data that have
5 been encoded by the encoder,

6 wherein the audio packing unit extracts audio

7 frame data of a predetermined size at a front of the

8 plurality of sets ‘of audio frame data in the encoder

° buffer and arranges the extracted audio frame data into

10 an audio pack to £fill the audio pack.

15. The recording apparatus of Claim 14,

wherein the video packing unit sends a completion
signal to the audio packing unit on storing a final data
division obtained by dividing one or more picture -
groups,

the first judging unit determining, when the
audio packing unit has received the completion signal,

whether a first part of a next set of audio frame data

O W N oy O W N

has been stored in an immediately preceding audio pack,

[
o

the first arranging unit arranging, when the

-
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1 17. The recording apparatus of C aim 14, further
91 2 conprising: 3 a buffer sinmulating unit for
sinmul ating W88 4 over tine in buffer occupancy of an aRGTHPHRSSHEr
~ buffer 5 that are caused by (a) input into the audi o decoder of 6 an
audi o pack that has been newly generated by the audio 7 packi ng unit and
(b) ddcodi fiio$tapairs feohntheéamexthaset8of iandloeficanme edzba hag Heeandi o
decoder buffer; and 9 an occupancy cal culating unit for
cal cdi2at | ngtored im ithe apremieshingeasdifepackypandemsinfngagdint defoder
11 buffer falls to a value no greater than a predeterm ned 12 upper
lim 3 13the next gak pf aneda Heraweupaisy aadcong il anpadding
calculates the time at which the buffer occupancy of the 15 audi o
decodd budasker pad sEUfELDY rﬂ?‘éﬁ ehREP thaext apdigreaecker @ntkd upper
lim¢t, the audio packi uni t extracts audio frane data of the
pr edél{E‘Er m ned size tfl?%ngaf§ aIfJFl%nQHBSdéHugiq: UVREFANGIRg skhe eudiei Baﬂlkarre

dat a stores extract@% audi o frane data into a next audio

packiﬁand 4RAL 21RF dﬁ%rﬁﬁ“@h ri‘b RRddinge Raam&%ta@@ai squifppg ata

R Rt e a8, B GETERE ien: et of adiolimand
d d b bt

b cddter mi AAFAT TEnsriAr el d 5T5RA 2 videohadh EhafnshRr S RuER%I ¢ of a

datasyze %&ﬁ%fe&a%a division obtalned by dividing the picture

20 group(s) .

16. The recording apparatus of Claim 15,

wherein the second judging unit judges, when the
first part of the next set of audio frame data has been
stored in the immediately preceding audio pack, whether
a difference between a data size of a remaining paft of
the next set of audio frame data and a size of an audio
pack is at least a predetermined number of bytes,

the first arranging unit storing a padding packet

W 0 <N 0 W R

including padding data into the next audio pack when the

=
()

difference is at least equal to the predetermined number

[}
[

of bytes, and storing stuffing byte(s) as padding data

[
N

into a packet header of the next audio pack when the

[
W

difference is below the predetermined number of bytes.

1 17. The recording apparatus of Claim 14, further

T 91
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92 5 audio frane data, the integer nultiple being within a 6

storage capacity of the audi o decoder buffer. 1 19. A recording
appar at us wdo/agssopt i cal disc that 2 records file nmanagereniprosniery nati on
and files that store 3 vi deo objects, 4 each vi deo obj ect

bei ng obtained by nultiplexing 5 a video streamand an audio stream 6
each i de 5&@ .Nng an arrangenent of a 7 plurality of video object
units 4 Q: fgglﬁg'iach vi deo object unit storing conplete sets of 9

pi ct g e data a”d‘H”Hﬁfférs%&hﬂia@ﬂﬁbOUHfﬁﬁfgﬁt§1mu¥%t1n chan g§gﬁlf"e

being divided into one or nore extentS 11 that are each ecord

plurg ity gfefopspeutin/Guifer dcRipaicy N ori %hdﬂbsaecﬁiﬁbr Buffer
the file managenent information including sets of position

i nf orgrat | ahdw©ragackatidedtby {2) input ihée rtefe)raiuagoamaf@dé@ of
conprising: 16 partial deletion area receiving neans for 17
acce i ng aan awdisapadk cfthatphals Mealel véwly Yeareefsabed by tie usediot he
partial deletion area being conposed of at 19 | east one vi deo object
unit 1 n apddebngbhedtt arkd (b) decodilegeofi andieanframe dritettihigtextents
that 21 correspond to the indicated partial deletion area; and 22
partigal ddlstabreadgnpreseper ior rdhrey aughot delcodSr bdfifet;oray updati ng
the sets of position information

9 an occupancy calculating unit for calculating a
10 time at which the buffer occupancy of the audio decoder
11 buffer falls to a value no greater than a predetermined

12 upper limit,

13 wherein when the occupancy calculating unit

14 calculates the time at which the buffer occupancy of the
15 audio decoder buffer falls to a value no greater than a
16 predetermined upper limit, the audioc packing unit

17 extracts audio frame data of the predetermined size from
18 the encoded plurality of sets of audio frame data;

19 stores the extracted audio frame data into a next audio
20 pack, and adds a time stamp showing the time calculated

21 by the occupancy calculating unit to a pack header of

22 the next audio pack.

18. Thé recording apparatus of Claim 17,
wherein the predetermined upper limit is found by

subtracting (a) the predetermined size of an audio pack

_WwWw N -

from (b) an integer multiple of a data size of a set of

2
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93 24 for the detected extents. 1 20. A conputer-readabl e
storage nediumfor storing a 2 recordi ng programthat records video

obj ects 3 WOt9B/a1888r e obtai ned by nultiplexing a video streanRCHIPIS/NO5617
including a plurality of sets of picture data and an 5 audi o stream
including a plurality of sets of audio 6 frane data onto an optical
disc, 57 audio fitemeedartd ngtheodndmger| mdiitgple being witdmirnaodi ng
step for encoding input signals 9 received fromoutside to successively
gener abe sestoafagel Occappicdthy eoflatheamaidicd sdetodieti dotiffieer .data; 11

a nultiplexing step for successively generating 12 vi deo object units

t hat conpose a video object by 13 successively nmultiplexing the
generated sets of picture 14 data and audio franme data, each video

obj ectluni t 1Ravitngeasrdiag apparatcus fer praderdrigakddissydha
including a 16 plurality of conplete sets of picture data and a 17
plural2ty ofceoxsietlilet Flagagrments dficmatiom@ndsfiles thaty store
recording step for recording the plurality of 19 vi deo object units
generaBed bYiERe ARPI®EESxing step 20 onto the optical disc as a video

obj ect 1 21. The, co ter-readabl e storage nediuymof Claim?20, 2
wherei % the sets Ofeéﬁa(#gaéﬁnobaﬁ§QrﬁﬁﬁHqu amnedeRyh My LesP4BRIART

nit e divid i nt o, packs of ., a .
u aé a g tgeam and an audio stream,

video s

6 each video object being an arrangement of a

7 plurality of video object units,

8 each video object unit storing complete sets of

1) picture data and complete sets of audio frame data,
10 each file being divided into one or more extents
11 that are each recorded in a plurality of consecutive
12 areas on the optical disc, and
13 the file management information including sets of
14 position information for each extent,
15 the recording apparatus comprising:
16 partial deletion area receiving means for
17 accepting ‘an indication of a partial deletion area from
18 a user, the partial deletion area being composed of at
19 least one video object unit in a video object;
20 “detection means for detecting extents that
21 correspond to the indicated partial deletion area; and
22 partial deletion means for performing a partial
23 deletion by updating the sets of position information

—_— 93
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94 4 predeterm ned |l ength, and 5 the nmultiplexing step
I nserts one of a padding 6 packet and stuffing byte(s) into at |east one
video 7 we@bysmsigunit to ensure that the audio franme data poToPIBNsS6I3

vi deo object unit is conposed of conplete sets of audio 9 frame data.

1 22. The conputer-readabl e storage nediumof Caim?2l1, 2

wherza n t heopukhiepldt &8t eHe et gles: 3 a first judgi ng substep
for judging, when a video 4 object unit is being generated, whether a

|l ength of the 5 audio frane data in the video object unit is shorter 6
than a total length of recordable areas in all packs in 7 the video

obj ect uni20thap somputee-zedidableanstdabge mediamdfot storing an :
arrangi ng substep for arranging one of a 10 paddi ng packet and stuffing
byt e(3) | mecbbdinggrodgtam dhesrtrecordsherideg udhdeentis of the first
judging 12 substep is affirmative. 1 23. The conputer-readabl e

st or ayye nethain efreClcbitained by multiplekdng ra twikdeol tstdeamng step
further includes: 3 a second judgi ng substep for judgi ng, when
the 4 jirgbudidngofa tpburaddity i sgtsuledt ¢pidbunef dast iamd ah

whet her the length of the audio frane data_in a video 6 object unit is
shor t®r t reiadigestaeam | Bpglnddng a plurality of sets of audio 095

6 frame data onto an optical disc,

7 | the recoiding program including:

8 an encoding step for encoding input signals

S received from outside to successively generate sets of
10 picture data and sets of audio frame data;
11 : a multiplexing step for successively generating
12 video object units that compose a video object by
13 successively multiplexing the generated sets of picture
14 data and audio frame data, each video object unit having
15 a length within a predetermined range and including a
16 plurality of complete sets of picture data and a
17 plurality of complete sets of audio frame data; and
18 a recording step for recording the plurality of

19 video object units generated by the multiplexing step

20 onto the optical disc as a video object.
1 21. The computer-readable storage medium of Claim 20,
2 wherein the sets of audio frame data included in
3 each video object unit are divided into packs of a
94
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7 recordable areas in all packs in the video object unit 8 that store
the audio franme data by at least a 9 predet er m ned nunber of bytes, 10
the arrangiwQ9osiss8ep arrangi ng a paddi ng packet 11 into tHel/m§08617
object unit when a judgenent of the 12 second judging unit is
affirmati ve and arranging 13 stuffing byte(s) into the video object unit
when a4 14 predegemninell temgltpndndudgi ng substep is negative. 1

24. A conputer-readabl e storage nmediumfor storing a 2 recordi ng
prograsn for an optithe disltipBexing stephéngeriicsl odesoff exagpddddnig | e

management 4 information and files that store video objects, 5
each védeo parkett Edgsthiffiineg bytellst)i pinkongt deastvbueo wideam and an
audio stream 7 - each video_object being an arrangenent of a 8

plural7ty ofbyeddo wblectougnsnregthat the audhovifdeamen a knteachring
conplete sets of 10 icture data and conplete sets of audio frane data,
11 8 vider beZEG‘bgi HBid i glegomposasheoBr cRBRL @@ efitds ©f audae are
each recorded in a plurality of consecutive 13 areas -on the optical

disc, 9nd figame data.the file managenent information including sets of

15 position information for each extent, 16 t he recording
program conprising: 17 a partial deletion area receiving step for
90 1. 22. The computer-readable storage medium of Claim 21,
2 wherein the multiplexing step includes:
3 a first judging substep for judging, when a video
4 = object unit is being generated, whether a length of the
5 audio frame data in the video object unit is shorter
6 than a total length of recordable areas in all packs in
7 the video object unit that store the audio frame data,
8 and
9 an arranging substep for arranging one of a
10 padding packet and stuffing byte(s) into the wvideo.
11 object unit when a judgement of the first judging
12 substep is affirmative.
1 23. The computer-readable storage‘medium.of Claim 22,
2 wherein the multiplexing step further includes:
3 "a second judging substep for judging, when the
4 judgement of the first Jjudging substep is affirmative,
5 whether the length of the audio frame data in a wvideo
6 object unit is shorter than the total length of
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18 accepting an indication of a partial deletion area from 19 a user,

the partial deletion area being conposed of at 20 | east one vi deo object
unit in a wWodesigkl ect; 21 a detection step for deigab 'Fg& tents
that 22 correspond to the indicated partial deletion area, anb gg%

a partial deletion step for performng a partial 24 del eti on by updating
t he ts a4 i . .0 2 rsth etect.ed extents. L1 25.
A recsz)gr di %e%?ﬁ%%ﬂ% ora@r%%%?glhng% lvll 3)eaoc%18)j é‘%:’t g:hdez &lﬁﬁgt CRIEGht Unhtd by
mul tigol exi ' i | a | 4 f sets of picture
dataggnd édr?%t?l gtgs i?ﬂsét??%%?ingionc u |éjnga§ggl ﬁbgaltélrﬁyi%¥sgetas of audio 5
framgy dat %)I%Pé’téi‘mgﬁéd:%uﬂbégi ofo byte?br t he recordi ng net hod

i ncl udi ng: _ an encodi ng step encodi ng input signals 8
recdigved from out sipge é?réﬁ@ﬁ?fgﬂéhﬂ)s’tgﬁr‘%&%ta%?fﬁ% &' paddif C#,gfcﬁaed@ta
and sets of audio frame data; °10 _ a multi IexF%g ste or

sucqassi vant gefies avideo 1dbjetitdemiabjweénUal addehe S8MBES &K Vi deo
object by 12 successively nultiplexing the generated sets-of picture 13
datd2and sediond rjuegdaic, uwdehivi GFEOMhSEL vihidnd @k PEngihg a | ength

Wi thin a predeterm ned range and including a 15 plural ity "of conplete
set 43of pistufifinat bydeds) ifito phe atidgoobbgen aigiseihedf audi o frane

data; and 17 a recording step for recording the plurality of
97 14 judgement of the second judging substep is negative.
1 24. A computer-readable storage medium for storing a
2 recording program for-an optical disc,
3 - the optical disc recording file management
4 information and files that store video objects,
5 each video object being obtained by multiplexing
6 a video stream and an audio stream,
7 each video object being an arrangement of a
8 plurality of video object units,
S . each video object unit storing complete sets of
10 picture data and complete sets of audio frame data,
11 each file being divided into one or more extents
12 that are each recorded in a plurality of consecutive
13 areas on the optical disc, and
14 "the file management information including sets of
15 position information for each extent,
16 the recording program comprising:
17 a partial deletion area receiving step for

96
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18 video object units generated by the nmultiplexing step 19 onto the

optical disc as a video object. 1 26. The recording nmethod of Caim
25, 2 W0 99/31888r ei n t he sets of audio frane data i ncl udedPETJIPIBNO5618ach
vi deo object unit are divided into packs of a 4  predetern ned | ength,
and 5 the multiplexing step inserts one of a padding 6 packet

and guf fi pdupel sy iar oinditeasiormnef vadpart/ial obdiedet it t are ae Bt
that the audio franme data in each 8 vi deo object unit is conposed of
conplii® e sai udrauthe Partisinelaletion are7beihg composed wef Mt of
Claim26, 2 wherein the multiplexing step includes: 3 a
firs20 udgilpstibshep viotep udbijegt wiehtaivi deovideo olgjmttanit is being
generated, whether a length of the 5 audio frame data in the video

obj e@l unit is shom= eletéctidmrstepofar |defigeatong exdtenbise thratas in al |
packs in 7 the video object unit that store the audio frane data, 8
and 22 correapoadk 4y khesdbsticgated paxdH@hgdedetsfonm area; @di ng
packet and stuffing byte(s) into the video 11 object -unit when a
judg@@ent of the fia Partdgilngfelhotionyshiayp forapenfiermiag a partial

98
24 deletion by updating the sets of position information

25 for the detected extents.

1 25. A recording method for recording video objects

2 that are obtained by multiplexing a video stream

3 including a plurality of sets of picture data and an

4 audio stream including a plurality of sets of audio

5 frame data onto an optical disc,

6 the recording method including:

7 an encoding step for encoding input signals

8 received from outside to successively generate sets of
9 picture data and sets of audio frame data;

10 a multiplexing step for successively generating
11 video object units that compose a video object by.

12 successively multiplexing the generated sets of picture
13 data and audio frame data, each video object unit having
14 a length within a predetermined range and including a
15 plurality of complete sets of picture data and a
le plurality of complete sets of audio frame data; and
17 a recording step for recording the plurality of

97
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1 28. The conputer-readabl e storage nediumof Caim?27, 2

wherein the multiplexing step further includes: 3 a second

j udgi ng supslogpidee’ | udging, when the 4  judgenent of thepeiyjypéguseddi N9
subst ep |s affirmative, 5 whether the length of the audio frame data in
a video object unit is shorter than the total length of 7

bl . h
PG s, it bttt i s i 0

the pgyrangpngocstisd e@pﬁﬁ.&é‘lg'dl’sé 2304l Rg s kebjekt . into the video
obj ect unit when a judgement of the 12 second judging unit is

affirmati ve and arranging 13 stuffing byte(s) into the video object unit

when a 14  judgenent of the second judgi ng substep is negative. 1 29.
A recor di ngeneties fecoadiogl imethddsef Raim 25, the optical disc
recording file managenent 3 information and files that store video

obj ec2s, 4 whetadn lieosehbjsedf midfoofiraimee dayaminid pidxd ngn 5

a video stream and an audio stream 6 each video object being an

arrangenentach aideo pbjesgiti unif ardedictijded intbspadks of a each
vi deo object unit storing conplete sets of 9 pi cture data and conpl ete
sets 4f audredertaenined, length, and each file being divided into one or

more extents 11 that are each recorded in a plurality of consecutive
99 5 the multiplexing step inserts one of a padding

packet and stuffing byte(s) into at least one video

6

7 object unit to ensure that the audio frame data in each
8 video object unit is composed of complete sets of audio
9

frame data.

1 27. The recording method of Claim 26,
2 wherein the multiplexing step includes:
3 a first judging substep for jﬁdging, when a video
4 object unit is being generated, whether a length of the
5 audio frame data in the video object unit is shorter
6 than a total length of recordable areas in all packs in.
7 the video object unit that store the audio frame data,
8 and
9 an arranging substep for arranging one of a
10 padding packet and stuffing byte(s) into the wvideo
11 object unit when a judgement of the first judging
12 substep is affirmative. |
98
R
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12 areas on the optical disc, and 13 the file nmanagenent
~information including sets of 14 position information for each extent,
15 WO9/318%%r di ng met hod conprising: 16 a p&ICGTYIXP8/05617
- deletion area receiving step for 17 accepting an indication of a partial
deletion area from 18 a user, the partial deletion area being conposed
of at 19 2&@asThencamputeshizendahle istoragdemeddjumtof 20aim 27, a
detection step for detecting extents that 21 correspond to the indicated
partial2del etion argdhexgdn Xhe multiplkephngi stafel farthest ein¢dudes:
~perfornmng a partial 23 del etion by updating the sets of position

~infornmelion for sgeoms etudagingt étlestep for judging, when the
100 4 judgement of the first judging substep is affirmative,
5 whether the length of the audio frame data in a video
6 - object unit is shorter than the total length of
7 recordable areas in all packs in the video object unit
8 that store the audio frame data by at least a
S predetermined number of bytes,
10 the arranging substep arranging a padding packet
11 into the video object unit when a judgement of the
12 second judging unit is affirmative and arranging

13 stuffing byte(s) into the video object unit when a

14 judgement of the second judging substep is negative.

29. A recording method for an optical disc,

the optical disc recording file management
information and files that storé video obijects,

each video object being obtained by multiplexing
a video stream and an audio stream,

each video object being an arrangement of a
plurality of video object units,

" each video object unit storing complete sets of

W O N o U i W N

picture data and complete sets of audio frame data,

[
o

each file being divided into one or more extents

=
[}

that are each recorded in a plurality of consecutive
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12
13
14
15
16
17
18
19
20
21
22
23

WO 99/31888 PCT/JP98/05617

areas on the optical disc, and

the file management information including sets of .
position information for each extent,

the recording method comprising: -

a partial deletion area receiving step for
accepting an indication of a partial deletion area from
a user, the partial deletion area being composed of at
least one video object unit in a video object:;

a detection step for detecting extents that
correspond to the indicated partial deletion area; and

a partial deletion step for performing a partial
deletion by updating the sets of position information

for the detected extents.
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