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VI DEO DATA Eg{{#,“%ﬁPPARATUS, 5 AND COVPUTER- READABLE RECORDI NG MEDH UM
STORI NG AN PROGRAM FI ELD OF THE | NVENTI ON The pr eseR¢TARIEH73 on
relates to a video data editing 10 apparatus that uses an optical disc
as an editing nediumfor video data, a conputer-readabl e recordi ng nmedi um
that stores an editing program an optical disc for use as a recording
medi um of a video data editing apparatus, and a reproduction apparatus for
an optical disc. 15 BACKGROUND OF THE | NVENTI ON Vi deo editors in the film
and broadcasting industries make full use of their skill and experience
when editing the 20 great variety of video productions that reach the

market. Wiile novie fa d ' makers may not possess such skill
or experience, nany ar S&gti“lal Pp‘?%gﬁﬁg’g‘gﬁyﬂ%ﬁﬁ%@omwt PE§Ct BORrYSEi deo
editing for theaselviRecorDie for a donestic video editing
apparatus that can 25 perforn1agvg%cgggeﬁg%dpéﬁﬁtFQﬁf;Mﬁ APPARATPS e ng

easy to usé. 1 AND\EOMBUTERIGEASABTENERESRST 'ﬁ#é ! VL GLY.mof
operations, donestic video editing appar at%lg%s a aé‘r@&‘; Y %D'ymms
PROGRAM :

FIELD HE ENTTON

The present invention relates to a video data edifing
10 apparatus that uses an optical disc as an editing medium for
video data, a computer-readable recording medium that stores

an editing program, an optical disc for use as a recording

medium of a video data editing apparatus, and a reproduction
apparatus for an optical disc.

15

BACK UND HE TNVENTION
Video editors in the film and broadcasting industries
make full use of their skill and experience when editing the
20 great variety of video Productions that reach the market.

While movie fans and home video makers may not possess such
skill or eéxperience, many are still inspired by professional
editing to try video editing for themselves. This creates a
demand for a domestic video editing apparatus that can

25 perform advanced video editing while still being easy to

use.



i kely to appear on the market in the near future wll especially require
an advanced scene linking function. Such 5 function |inks a nunber of
scenes to forma single work. Wen |inking scenes using conventigpal
donest i c Gawopemnt, the user connects two video cassettePTEESPAYYS to form
a dubbing system The operations perfornmed when |inking scenes using this
ki nd of dubbing systemare 10 descri bed below. Fig. 1A shows a video
editing setup using video cassette recorders that are respectively capable
of recording and playi ng back video signals. The setup of Fig. 1A incl udes
the video cassette @dd Raldebee8i€end eneeunte dfvolves dewariéeywiieo
cassette 302 for recording the editing result, and two video cassette
recorders 303 gpedadéns pradieaytingvbdek eafitingcepparatudefeFbAFadEe on the
video cassettes 301 and 302. In this exanple, the user attenatilto perform
the editing opdkaiyohosipmenn onFthe narkesi 4g the peRr TWRI§YSf Fig. 1A
Fig. 1B show the rel ati onship between the source erl e egited and
the editing re@specialhy (Fpauidesan advanred S50 é@r@’t"o’g‘}c%@cctet%89505§‘th‘%fgt i s
| ocat ed between tine t5, and tine 0_pf r il woekhDe 25

506 that ?s I0@5‘F§&°Be§ﬁ@§%%inﬁ%b%%Sogn%é%}%ﬁs%gngsgﬁg&S 7 that is |ocated
between tine t23 ang é@iﬁﬂ&d@l LeHRLS (Sird conpeAduceannibmediticng resul t
that is only conposeg of these

equipment, the user connects two video cassette recorders to

form a dubbing system. The operations performed when
linking scenes using this kind of dubbing system are
10 described below.

Fig. 1A shows a video editing setup using video
cassette recorders that are respectively capable of
recording and playing back video signals. The setup of Fig.
1A includes the video cassette 301 that records the source

15 video, the video cassette 302 for recording the editing
result, and two video cassette recorders 303 and 304 for
playing back and recording video images on the video
cassettes 301 and 302. In this example, the user attempts
to perform the editing operation shown in Fig. 1B using the

20 setup of Fig. 1A.

Fig. 1B show the relationship between the source
materials to be edited and the editing result. 1In this
example, the user plays back scene 505 that is located
between time t5 and time t10 of the source materials, scene

25 506 that is located between time t13 and t21, and scene 507

that is located between time t23 and t25 and attempts to

il



scenes. Wth the setup of Fig. 1A the user sets the video cassette 301

I ncl udi ng the source naterials into the video 5 cassette recorder 303
and the video cassette 302 for recording the editing result into the video
cassette rect? #3804, After setting the video cassettes 30HCEARYS/BO23 t he
user presses the fast-forward button on the operation panel 10 of the
vi deo cassette recorder 303 (as shown by [err] in Fig. 1A) to search for
the start of scene 505. Next, the user presses the.play button on the
operation panel of the video cassette recorder 303 (as shown by [err] in

Fig. 1A) to repPoltie® soened505ng Atesile $aEe LiNBn1f Qﬁmlj_!)%%'édpfafsgﬁésé he 15
record button on the operation panel of the video casseftte recorder 304 (as

shown by [err] ?¢F™%. 1A) to commence recordi ng. Wien scene 505 has
finished, the user s Q@S the operation of both video cassette recorders 303
and 304. The user th& PabRer3ftR &Ff Fig. villecthmassst eete the wided of 20

scene 506, and ¢ | a sly ¢ nces the playback by video cassette
recorder 303 and t éﬁ#ggg?dgﬁgﬂ%%%51gggP58§§%?t%??%%%ﬂée#n394th¢WYkﬁeo
conpl eti ngst he eduneatRr @e88sad P 3FE 6. and 507, the r _has the video
cassette recorders 303 and 304 resp§§§€§§8yv$%ﬁﬁrﬁ?#ﬁ%§tﬁiggg Ber

cassettes 301 armtc@@@ngothenpdfting Hesedit i Rgs ORRY Akl LEsLfe, scene
| i nki ng operation descri bed above could 3
recorder 304.

After setting the video cassettes 301 and 302, the
user presses the fast-forward button on the operation panel
10 of the video cassette recorder 303 (as shown by @ in Figq.
1a) to search for the start of scene 505. Next, the user
presses the play button on the operation panel of the video
Cassette recorder 303 (as shown by @ in Fig. 1a) to
reproduce scene 505. At the same time, the user presses the
15 record button on the operation panel of the video cassette
recorder 304 (as shown by @ in Fig. 1A) to commence
recording. When scene 505 has finished, the user stops the
operation of both video cassette recorders 303 and 304. The
user then fast-forwards the video cassette to the start of
20 scene 506, and then simultaneously commences the playback by
video cassette recorder 303 and the recording by video
cassette recorder 304. After completing the above process
for scenes 506 and 507, the user has the video cassette
recorders 303 and 304 respectively rewind the video
25 cassettes 301 and 302 to complete the editing operation.

If the scene linking operation described above could



be perfornmed with ease at the hone, users would then be able to easily
manage prograns that have been recorded on a | arge nunber of nmagnetic tape
cassettes. Afirst problemwth the video editing setup described_5

above though i s fhat the source material and editing r es RGTIREMI Py e
recor ded g%%arate recordi ng nedia, nmeaning that two video cassette
recorders need to be used for playing back and recording the respective
recording nmedia. This greatly increases the scale of the video editing f
setup. 10 A second problemis that the need to reproduce the video

| mages between tinme t5~t10, 113~t21, | t fex#s2 QoS i Nghen deo abdssette
recorder 303 hakearfomred LD LA1S 55 \?grgyut)ﬁb consum ng. Here, the | onger

t he video excerpts_ tha bk NBave BHdn rekortiedger g HArdge
reproduction 18 eas*%ynehaglggggﬁgoéeﬁsieﬁg time, meaning that the editing of
| ong source npLahiRl ¢ GRAnkake edpexdasaeekyslong tinme. To conplete the
above |inking process in"a short time with small-scale egghgnggg ridegoul d
be ideal for the pigcEixsaf prhelemooitdi FgenBafeC t9t18:5 desirted

vi deo i mages 20 to be sinply |inked together. . 14 RdikRengopyaiid onal
splicing of sebbvenshafghrdgnshpE FaHeSOWin anﬁ%bs%%r%ﬂé %at er?gl s are stored

as anal og video signals, there may be | gukEL§ gk, emeanhogl d t he
sections of nmagset g@ l’t’%p"eecﬁrﬁllefinﬁxt ﬁ%pa@xasﬁser ggbégtg?%al s be spliced

t oget her. However, 25 . iR Kb NPe SYSi® Bbaats Beratsedaferbeen highly.
conpr essed ac do¥adi ﬁ§°t‘61cl\?vp>gg;tsgghni quees, there are the problens that 4

playing back and recording the respective recording media.

This greatly increases the scale of the video editing setup.

10 A second problem is that the need to reproduce the
video images between time t5~t10, t13~t21, and time t23~t25
using video cassette recorder 303 makes the video editing
very time consuming. Here, the longer the video excerpts
that compose the editing result, the longer the reproduction

i5 time and the editing time, meaning that the editing of long
source materials can take an extremely long time.

To complete the above linking process in a short time
with small-scale equipment, it would be ideal for the pieces
of the recording media that record the desired video images

20 to be simply linked together, as with the conventional
splicing of sections of magnetic tape. Wnen the source
materials are stored as analog video signals, there may be
no significant problems should the sections of magnetic tape
storing the desired materials be spliced together. However,

25 when linking system streams that have been highly compressed

according to MPEG techniques, there are the problems that



t he video reproduction can be interrupted or disturbed at the joins between
the spliced sections. Here, the expression "systemstreant refers to video
data and audi o data that are multipl exed together, with such streans also 5
bei ng cal | e®VO ¥WMYB- vi sual data (AV data)" in this specifi BV of

t he causes of the above problemis the assigning of variable-length code to
video frames in a video stream Wen encoding a video stream an opti nal
anount of 10 code is assigned to each display cycle in order to strike a
good bal ance between to the conplexity of the inmage to be displayed and the
anmount of dat a theatvideoatepisiucdione dahNbé hentefpteadl ok hei st wiedletoder .

Si nce precise cal cul ations are perforned when 15 assigning code within a
video stream ithecdeipe eetweend theasphbceshdeedtiows .or Hever fthavws will occur
in the decoder buffer when a single video streamis reproduced in its

original form SHRREFELCDWNIYSIEDHBLELENY ERERERET gisee dRBR|2Rd &udicdeo
streans are |i t Lane latter, video stream 20 will be.inputted
into the buff epﬁg:g %Rg?dggé e%lt(}:d‘é’_rle\}/\(neshtﬂ%e%b i d“é‘r%gt PBARt BE M ARt of
data alreagy ageymdl ahededn»illes odvigRadegoder (RpidR0)at shhengnd of
reproduction of thé forner video stream en this happens, there is a

cl ear possi bil idgpecdffiaatouer fl ow or an underfl ow occurring in the 25

vi deo decoder buffer. When linking partial sections of a systemstreamin
the same way as in FPge ¢8, thearausies blietlre above problem is the

assigning of variable-length code to video frames in a video
stream. When encoding a video stream, an optimal amount of
10 code is assigned to each display cycle in order to strike a
good balance between to the complexity of the image to be
displayed and the amount of data that is already stored in
the buffer of the video decoder.
Since precise calculations are performed when
15 assigning code within a video stream, it can be ensured that
no underflows or overflows will occur in the decoder buffer
when a single video stream is reproduced in its original
form. However, when separately encoded former and latter
video streams are linked together, the latter video stream
20 will be inputted into the buffer of a video decoder with no
consideration to the amount of data already accumulated in
the video decoder buffer at the end of reproduction of the
former video stream. When this happens, there is a clear
possibility of an overflow or an underflow occurring in the
25 video decoder buffer. When linking partial sections of a

system stream in the same way as in Fig. 1B, there is the




possibility of an overflow or an underflow occurring in the video decoder
buf fer when the reproduction proceeds froma fornmer section to a latter
section. Reproduction of video without interruptions and 5 | sf.ur bances

di
is called 89ﬂhﬁ§s reproduction. To perform seanl ess reﬁFHHE@WPb of
| i nked sections, it is necessary to tenporarily convert the former section
and latter section into video signals and audio signals and to then
re-encode these signals to convert the signals of the forner section 10
and latter section into a single video stream and audi o stream The tine

t aken by such re-encoding_is pro tiopal Ultcwtridrf dni hhé he
vi deo st r eanPaffd-PaddFY g? raéhr?sve(%%&PHeggﬁrEgl Sglf?gg mact:erri' al's. As a

result, when the sourc Ll SiHeBNERE Nréptcti@e ianDpnoceddsidfire™ ehis 15
process mAII'%E§V%2Vc?§ﬁg?%%%§%%ing. To pé%%orn1Av synchroni zati on during

the reproductton of RRcMVBEGSYStbtekr eaotide tine stanps that show the
respective reproduction tinmes of a video stream and an aum(%é?rean1nust be
consecutive. ConvelfepenattyionRAGveadut tiowp integZyRM RYET on t he

consecuti ve reproduction of one streamfromstart tqQ end, dhedrpseant ess
repr oducsi on dastumidanvesniposalifd FHRLIERS Rﬁ@i?iﬂqgégﬁé mﬁég% do not have

consecutive tine stanps. As a resulf,..duri.n ' ﬂg}g,-ti t shascbsesarngoessary
to give at | eaGamiRRs cﬁePtrﬁguFFh?’éao{/ﬁééﬁfg Qeggﬁ eANs time stanps that are

continuos W & npofatillF ShRURE e Ak 8EctSE aild datemeaettipt hat the

into video signals and audio signals and to then re—-encode
these signals to convert the signals of the former section

10 and latter section into a single video stream and audio
stream. The time taken by such re-encoding is proportional
to the amount of data in the video streams and audio streams
of the edited source materials. As a result, when the
source materials contain a large amount of data, this

15 process will be very time-consuming.

To perform AV synchronization during the reproduction
of an MPEG system stream, the time stamps that show the
respective reproduction times of a video stream and an audio
stream must be consecutive. Conventionally, MPEG standards

20 have focused on the consecutive reproduction of one stream
from start to end, so that seamless reproduction has not
been possible for two MPEG streams which do not have
consecutive time stamps. As a result, during editing, it
has been necessary to give at least one of the linked MPEG

25 streams time stamps that are continuous with the time stamps

in the other MPEG stream, meaning that the latter MPEG

i



stream has had to be re-encoded in its entirety. DI SCLOSURE OF THE

| NVENTI ON 5 It is a first object of the present invention to

provi de a video data editing apparatus that can performan editing ‘
operation t PR 9%W¥aH essly |inks video streans or parts of WW@@8W§@ﬂéhns in
a short tinme using only a single recording nedium 10 It is a
second obj ect of the present invention to provide a video data editing
apparatus that can performan editing operation that seamn essly |inks video
streans or parts of video streams, these including systemstreans that have
been encoded af $®resm WagChaa ﬁalEé”iEJéH&ohEétl§n§ﬁg(git;Qet no underflow or
overflow will occur in a buffer. The main points worthy of attentlon for
the realization of the first and second objects are as follows. To

seanl essly link video streans or parts of video streanms on a single

recording mediumin a short time, the 20 part of the data to be
re-encoded to | ev e _se ess_link should be as short as possible.
However, duet RIBRS M} system streans, this cannot be

System streams are corpated Srosh SRR bRertS s %RREPER %3 "or vi deo
packs and audi oppieitle a kAd8HCHata i 1ngNSHPAFL LN t ARVRYEA! pet P& | £1E0
data and audi o data to be 7

editing operation that seamlessly links video streams or

parts of video streams in a short time using only a single

recording medium.

10 It is a second object of the present invention to
provide a video data editing apparatus that can perform an
editing operation that seamlessly links video streams or
parts of video streams, these including system streams that
have been encoded after a precise calculation that ensures

15 no underflow or overflow will occur in a buffer.

The main points worthy of attention for the
realization of the first and second objects are as follows.

To seamlessly link video streams or parts of video
Streams on a single recording medium in a short time, the

20 part of the data to be re-encoded to achieve the seamless
link should be as short as possible. However, due to the
data construction of system streams, this cannot be achieved
by simply reducing the size of the re-encoded data part.
Such system streams are composed of an arrangement of a

25 plurality of video packs and audio packs. In such a data

construction, however, the video data and audio data to be



reproduced sinmultaneously for a given tine are not necessarily arranged
properly in the video packs and audi o packs. As a result, if the re-encoded
area is sinply decreased, audio data, which is to be reproduced for re- 5
encoded video data and should itself be re-encoded, wil| PEEIR$0O417de t he
area subj wa9f14’57 e- encodi ng. In the present invention, however, the

re-encoded area is set as an integer nmultiple of video object units. Each
video object unit includes a plurality of sets of picture data (video data)
10 with a reproduction period of around 0.5 seconds in the enbodi nents,

and in many cases will also include audio data tq. L.guht@neously
reproduced w pbp#deaquc sumsltanrepusdy §RE- &8V %u"']l?n(%" akdescri bed in the

embodi nents) is used under MPEG st andards. . so,.fhaigdd1@aaudi andaaedico be 15
reproduced si nmateasawilsi ?I\FPPﬁe@i%‘??e(f&tyal\?vi ﬁlé be | nc%uded within the sanme

vi deo object unit. By performng. ; [nead8déararsn ist edmPlyul tipl e of
vi deo obj ect BAFKS: t’?‘/r% apéﬁﬁts“?}%atlﬁe% s to be re-encoded for seam ess

l'inking can be great raqggq,eq +30 which is tBhbef reprodigeec£OLahbe
achi eved by ad\‘?lgESSS %‘[a editi ﬁg apparatus that perforns ;%idti Ng1i0p&nabl e
seanl ess [ epr QiuelisAnydheditadtenaindt sbowldidd sedffefsTTACAITe 'r ecor ded on an

optical disc, each video object including a plurality.of sahiect
units, and eacd,p4ideotnbj &nda wwubgeckctadrHFB® J'ngSetISr?o hép?ﬁéure data, the

ngegfdgta edi;;JEiQT%g?rgéxgvéé¥ﬂ€ﬁ@ QgiegC£§§H“é¥$au95tséﬁ”aé*ﬁmdﬁngeaerleast

multiple of video object units. Each video object unit
includes a plurality of sets of picture data (video data)

10 with a reproduction period of around 0.5 seconds in the
embodiments, and in many cases will also include audio data
to be simultaneously reproduced with the picture data. A
v"one-second rule” (described in the embodiments) is used
under MPEG standards, SO that the audio data to be

i i i included
15 reproduced simultaneously with video data will be 1nc

i i re-
within the same video object unit. BY performing &

. . . the
encode for an integer multiple of wvideo object units,

inki n be
part that needs to be re-encoded for seamless linking ca

greatly reduced.
20 The first object can be achieved by a video data

it] mless
editing apparatus that performs editing to enable sea

i y corded
reproduction of at least two video objects that are re

j i i lit
on an optical disc, each video object including a plura Yy

. . fe s in
of video object units, and each video object unit including
25 sets of picture data, the video data editing apparatus

i a
including: a reading unit for reading at jeast one of



former video object unit sequence and a |l atter video object unit sequence
froma video object recorded on the optical disc, the fornmer video object
unit sequence bei ng conposed of a predeterm ned nunber of video object-
units positiwoeg4s? at the end of a fornmer video object techarsspr’dduced
first, and the latter video object unit sequence being conposed of a
predet erm ned nunber of video object units positioned at a start of a

| atter video object to be reproduced second; an encoding unit for
re-encodi ng the sets of picture data 10 included in at | east one of the

former video objfg%eyn@,ide'},eq,aggg}? %gtt%gquleg{cteegn&i %:ga%‘%]ireq}id‘é%i bpjggrence

to enable the former video o ter vi ect to be

reproduced seamiass! yequdtbed fitbint & NGLdMY toﬂf@ctr QeEblded &t drRasbrengiof the
former video object and the | atter object I5 on the optical disc after

encodi ng by thedéncpdtimg fiminer W&ot digjsitatmd tceBghéenesd ibwing khempdsééd
materials are video objects recorded on a single optical disc, with the
re- encoded dat a®befnBrefefarmdbedcnunees ot a3 delvarbaeet surltise posiiionedeo

obj ect s. ﬁgaa re uLh when t he video 20 objects to be seam essly |inked
are extrengly Iéﬁg, Both X%énﬂ &ormer; widgp rbdieght tPoPe erPLAMEceE. Ehtdte
only the video [N uny t.h nd of a.first video ohject fore
recordi ng the rgggl?%%gﬂ%%%gakégﬁgoﬁ?%F??m¥%i5n§e&BFPE%ﬁb%ﬁ%ﬂLCQEgggggegEIt,

an edi ting oper at beadéhein SR hBRbE P £ 51 de > SHTLBESuA L PHAH1QRA! a¥i ge0
obj ects can be conpleted in a short tinme. 9
start of a latter video object to be reproduced second; an
encoding unit for re-encoding the sets of picture data
10 included in at least one of the former video object unit
sequence and the latter video object unit sequence to enable
the former video object and the latter video object to be
reproduced- seamlessly; and a writing unit for rewriting at
least one of the former video object and the latter object
15 on the optical disc after encoding by the encoding unit.
With the stated construction, the edited materials are
video objects recorded on a single optical disc, with the
re-encoded data being video object sequences that are
smaller than video objects. As a result, when the video
20 objects to be seamlessly linked are extremely long, for
example, it is sufficient to read and re-encode only the
video object units at the end of a first video object before
recording the resulting data back onto the same optical
disc. As a result, an editing operation that enables the

25 seamless reproduction of video objects can be completed in a

short time.



The second object can be achi eved a video data editi ng apparatus where the
encoding unit re-encodes at |east one of the sets of picture data included
in the former video object unit sequence and the sets of picture data

i ncluded in the E; latter video object unit sequence u@FHGPWOLPget
anount of “E,‘b%?él,‘"st he target anount of code being an anount whereby no

overflow will occur in a video buffer of a video decoder, even when the
sets of picture data included in the fornmer video object unit sequence are
present in the video buffer 10 at a sanme tine as the sets of picture

data included in the latter video object unit. ugngEaeVddtd keisinged
construction, a ca§@e\/\,ﬁ8f1%n‘bi‘?ﬁjlﬁcé: (‘féf’ab? nccl[hul(leg% % a I%tter vi deo obj ect

is accunul ated in a decoder f LLe.pi £t re-erdrdasi atl Lekat ioneaofor mer
vi deo 15 oﬂj’%%‘faq”sg ﬁs’?‘&%n?'yﬂ; n ﬁ?\glggcggié{rg JIkoguffer is considered, wth

re- encodi ng bg{éngsdél&f fo%; R dchPe EASLY Snthatieacimvere [fompenceifed PRIRE buUf f er
of the video detoder, a result, when separately encoded videot:QJects
are linked, sgapt HReodrat tive Setrs bﬁepiQBQWQig%}asﬂﬁﬁﬂEd%?dﬂ% 0bj ect
will be 20 possi bl.e. Here, each set of picture data maﬁ m&ﬁ@e‘)fdata
that is tg beldecededidenr objecti bt fyagmencendsing & r&rP6n dener at1 ng unit

further adding a presentation end ting when repro |QRALohntbevrpais of
pi cture data icedehethioriangef gugups of Pl Vﬂyggghence ends and a

resentation start _tine en reprod i t faewi odedata in
?heslatteL ViZQErflo& wil occurplg YCH Y ohsEbe s£ts valdepi aea 2} '

even when the sets of picture data included in the former
video object unit sequence are present in the video buffer

10 at a same time as the sets of picture data included in the
latter video object unit sequence.

With the stated construction, a case where picture
data included in a latter video object is accumulated in a
decoder buffer while picture data included in a former video

15 object is present in the decoder buffer is considered, with
re-encoding being performed to ensure that no overflows
occur in the buffer of the video decoder. As a result, when
separately encoded video objects are linked, seamless
reproduction for the resulting single video object will be

20 possible.

Here, each set of picture data may include data that
is to be decoded for one video frame, the information
generating unit further adding a presentation end time when
reproduction of the sets of picture data in the former video

25 object unit sequence ends and a presentation start time when

reproduction of the sets of picture data in the latter video

10

i



10 obj ect unit sequence starts to the seam ess linking information, the
certain offset being found by subtracting the presentation start tine of
the latter video object unit sequence fromthe presentation end tinme of the
former vi dew®99/14757bj ect unit sequence. Wth the stated conedwires/oamn the
presentation end tinme information for the picture data included in the
former video object and presentation start tinme information for the picture
data included in the latter video object are 10 ..generated and witten
onto the optical disc. |If a reproduction apparatus is of Extended-STD type

where one of a shagdanhid WSHEASH' SCae 4 S 8B e SHT.iibe Standard

time and an offse used by a video decoder during decode Opé€rations, the

reproduction appaféimstiin, theadetbgid bfrseRl 88eRfatb iy W sib¥Racting
informati on and the presentation start tinme information fromthe optical

di sc and use thtbe presmitaiianesthet offreectoft ahbelatter tiriddh@byktandantk
time. As a result, even if the PCR DTS, and PTS are not continuous at the
| i nk boundary of€EUeRGS TN B8 BEfeeRtatidna endt time 2Of theifgamesbyideq
seanl ess rgprodu tion will still be possible at this boundary. Here, each
vi deo obj ect unPPIRRY PH F888°FFurality of sets of picture data and a

Frther 25 inoludd s abSarseral ehlEsPi8apat i iy witatpR i e
time information for the picture data included in the former
video object and presentation start time information for the
picture data included in the latter video object are

10 generated and written onto the optical disc. If a.
reproduction apparatus is of Extended-STD type where one of
a standard time measured by an STC and a sum of the standard
time and an offset is used by a video decoder during decode
operations, the reproduction apparatus will read the

15 presentation end time information and the presentation start
time information from the optical disc and use these to
calculate the offset to be added to the standard time. As a
result, even if the PCR, DTS, and PTS are not continuous at
the link boundary of a former video object and a latter

20 video object, seamless reproduction will still be possible
at this boundary.

Here, each video object unit may include a plurality
of sets of picture data and a plurality of sets of audio
data, and the video data editing apparatus may further

25 include: a separating unit for separating sets of picture

data and sets of audio data from the former video object
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data and sets of audio data fromthe former video object 11 uni t
sequence and the | atter video object unit sequence read by the reading
unit; and a nultiplexing unit for nultiplexing at |east one of the sets of
pi cture dgjgeeniirCh inciude one of picture data and re- eRESIBE B 2t ure
data, 5 separated fromthe former video object unit sequence with the
sets of audio data read fromthe fornmer video object unit sequence, and for
mul ti pl exing the sets of picture data, which include one of picture data
and re-encoded picture data, separated fromthe latter video object unit 10

sequence with_ th | opdaf A 15805 ab8doh & ind tl abeenad dwgdobj ect
uni t sequence?n%ﬁegﬁ%%?g%bgggi?hwwiting data outputted by the multi pl exing

unit onto the Qptheateslitle With ihe &talledptertng untitorforwhile a plurality
of 15 sets Of picture data of the latter video object arg bei(r}%a.ch
accunul at ed i gl kepUecnreratbikhet, ome piurthiei sptafof RiCtyreadards dits

included in the former video object are read fromthe aptical sdisc, and to
enabl e si nul t dmeduderepr cxfu@icsHre a0t 2R F?'S?cgéﬁ"g poJTth)J% %t Sg{éé'dat ain

it i e e R [ gprb s s RSl eRenrt St TG
bit rai e (VBREEFESTHE Mt B aae o Clea o th & sonstagt bit rate
(CBR), success§j& sequence, and for multiplexing the sets of picture
data, which include one of picture data and re-encoded
picture data, separated from the latter video object unit
10 sequence with the sets of audio data separated from the
latter video object unit sequence, the writing unit writing
data outputted by the multiplexing unit onto the optical
disc.
With the stated construction, while a plurality of
15 sets of picture data of the latter video object are being
accumulated in the decoder buffer, a plurality of sets of
audio data included in the former video object are read from
the optical disc, and to enable simultaneous reproduction, a
plurality of sets of picture data in the re—encoded video
20 object units of the latter video object and multiplexed with
the plurality of sets of audio data in the former video
object. As a result, even if the video stream is encoded
with a variable bit rate (VBR) while the audio stream is
encoded with a constant bit rate (CBR), successive
25 reproduction of a plurality of_sets of audio data will still

be possible while the video stream waits in the buffer for

12
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25 reproduction of a plurality of sets of audio data will still be
possible while the video streamwaits in the buffer for 12 Its decode
time to be reached. Here, a plurality of sets of audio data that should be
reproduced fwoop4obural ity of audio frames fromthe first aBararPBOATE to
the second audio franme nay be stored as a 5 first audi o pack group,
wherein if a data size of the first pack group is not an integer nmultiple
of 2 kil obytes (KB), one of stuffing data and a paddi ng packet may be used
to make the data size of the first audio pack group is an integer nultiple

of 2KB, and mherfﬂ§1déagdg|H{ﬁ%iéd{ﬂﬁ_f@%&ﬁeap of audio data that should

be reproduced for a plurality of audio frames starting fromthe third audio

frame may be stored agie2esespichrlditq BECKe 8 QWM .audlibhdhbe that i Hidnpe
unit multiplexing sets of picture data and sets of audio data so that the
first audi o packceprmgmced Eorat qulviefldicy 85 audidefrssesndramdtive pickstgr oup.
Wth the stated construction, it is possible to avoid audi o reproduction of
a plurality of s¥EQELaMGi 5O B Farankce 2pdiaefrane @3 YobpPe8EOFPAt2T A nci des

AL N e R Lo R
B OEt o1 oA, Tkaeciol o kRl S AP PoeShaokiess A
one of stuffing data and a padding packet may be used to
make the data size of the first audio pack group is an
integer multiple of 2KB, and wherein the plurality of sets
10 of audio data that should be reproduced for a plurality of
audio frames starting from the third audio frame may be
stored as a second audio pack group, with the multiplexing
unit multiplexing sets of picture data and sets of audio
data so that the first audio pack group is located before
15 the second audio pack group.

With the stated construction, it is possible to avoid
audio reproduction of a plurality of sets of audio data in
the former video object that coincides with the audio
reproduction of sets of audio data in the latter wvideo

20 object. Also, synchronization between audio reproduction
and video reproduction can be maintained for the latter
video object.

It is also possible to have a video data editing
apparatus that performs editing to enable seamless

25 reproduction of a former section and a latter section, the

former section and the latter section being located in at

13



apparatus that perforns editing to enable seanl ess 25 reproduction of a
former section and a latter section, the fornmer section and the latter
section being located 'in at 13 | east one video object that is recorded

on an opt iv%‘L /g‘yss,c, each vi deo object including a plural iRGIBP¥iReo obj ect
units and eaCh video object unit including sets of picture data, the video
data editing apparatus including: a reading 5 unit for reading a forner
vi deo object unit sequence and a latter video object unit sequence froma

vi deo obj ect recorded on the optical disc, the forner video object unit

sequence bei ng conposed of video object .uni Lt iRl edis®f the -
forner secti oa-etaﬁﬁt Opg fifS5e °E’85ng+3 ae% i rrtseng)??%a 6:923(2% oﬁ% latter video

obj ect unit sequ neey gi L C&ﬁgﬁgqugﬁgvg q;;grg@jigptoﬂrﬂi&op@bﬁebbned at a

start of a |at¥er L&8¥Ton+hat 1s to be reproduced second; an encoding unit

for re- encodipgtshgndeéscipfvitiest bgedatunitndneteding satd ofsPLERETdf t he

former video object unit sequence and the latter 15 vi deo object _unit

sequence to engiae the ¥idererdareceddhingrRiaratist é?-c%‘é%’t”r‘-’dnatﬁjeﬁémg

reproduced seam essly; and a witing unit for ,revvritlggs an[%%STanB”E of the
a

former sebti ommitd folereading 2 EOEFEA BHIRh LRIFEC AP 'S¢ er “encodi ng by

edi tod mat o S1a % PP ORIeTH A oBFIBAS d25THAd b s Sae opt i ca

di sc, re_enCOdééghgé%dpgﬁfQﬂgfgbgfaéloghgﬁﬁ £ 1 rdeat video object unit
sequence being composed of video object units positiongd at
an end of the former section that is to be reproduced first,

10 and the latter video object unit sequence being composed of
video object units positioned at a start of a latter section
that is to be reproduced second; an encoding unit for re-
encoding the sets of picture data included in at least one
of the former video object unit sequence and the latter

15 video object unit segquence to enable the former section and
the latter section to be reproduced seamlessly; and a
writing unit for rewriting at least one of the former
section and the latter section on the optical disc after
encoding by the encoding unit.

20 With the stated construction, when the edited
materials are parts of video objects recorded on a same
optical disc, re-encoding is performed for object units that
are smaller that the parts of video objects. As a result,
when the parts of video objects to be seamlessly linked are

25 extremely long, for example, it is sufficient to read and

re-encode only the object units at the end of a first video

14



are smaller that the parts of video objects. As a result, when the parts of
video objects to be seam essly linked are 25 . extrenely long, for
exanple, it is sufficient to read and re-encode only the object units at
the end of AO¥WI57vi deo 14 obj ect before recording the #‘é@?ﬂ%’f‘ﬂ&’ dat a
back onto the sane optical disc. As a result, an editing operation that
enabl es the seanl ess reproducti on of object units can be conpleted in a
short tine. 5 Here, -when a picture type of :a final set of picture
data in a display order of the forner section is a Bidirectionally

Predictive PictygbfedB Hifdre @cotdiEnd &cheeRe@dLBIng NddtdBAadKE bh@bNthe
re-encoding to convert the final set of picture data to a Predictive

Picture (P picteame dfkicalwddse.i nA®rarateswitcoapoaditiqaropedapéndebhaibn
only sets of picture data that are reproduced earlier than the final set of
pi cture data. WeRabigR theniseamienst ¥ertadnstion pf eRiericaydasy CRB BBnvert a

pi cture type when || nKi vi dep opjects that have 15 a codi ng order and
di spl ay order tﬁng%%Hﬁfgiié ﬁgﬁﬁngﬂﬁﬁard, the transition of the buffer

state is properly estj eq,hyté/hitgogic{mo_@g%go%geai CX ORSE Iafggfi&@ﬁre

occupancy that results r‘om S Tonversi or “prcture type. aresult,
re- encodi ng candaeapfﬁf@rdé%lw BHdér "Of &nlifoaRbe 9Ectioldlsazamount. BRIEF

DESCRI PTI ON OF THE DRAW N

Bidirectionally Predictive Picture (B picture), the re-
encoding unit may perform re-encoding to convert the final
set of picture data to a Predictive Picture (P picturei

10 whose information components are dependent on only sets of
picture data that are reproduced earlier than the final set
of picture data.

With the stated construction, if it is necessary to

convert a picture type when linking video objects that have

15 a coding order and display order that comply to MPEG
standard, the transition of the buffer state is properly
estimated without ignoring the increase in buffer occupancy

that results from this conversion of picture type. As a

result, re-encoding can be performed using a more suitable

20 data amount.

BRIEF DESCRIPTION OF THE DRAWINGS
These and other objects, advantages and features of
25 the invention will become apparent from the following

description thereof taken in conjunction with the

15



These and ot her objects, advantages and features of 25 the invention

w Il becone apparent fromthe follow ng description thereof taken in
conjunction with the 15 acconpanyi ng drawi ngs which illustrate a

speci fic ewdbwmdirsent of the invention. In the draw ngs: FPETVR%EO4YBws a
convention video editing setup using video cassette recorders that are
capable of 5 pl ayi ng back and recording video signals; Fig. 1B shows the
rel ati onshi p between the source materials and the editing result; Fig. 2A
shows the outward appearance of a DVD-RAM di sc that is the recordabl e

optical disc YsedmbAnyP8glrawsRBedivABBhLS i2fukkeapeeaespelcidntion; Fig. 2B
shows the recording areaS on a DVD-RAM Fig. 2C shows the cross-section and

surface of a DBoRANLEYt o&t tAeSeakehtieader InFithe dbastiows:t he zones 0 to
23 on a DVD-RAM 15 Fig. 3B shows the zones 0 to 23 arranged into a
hori zontal sequenceidi dlA ¥hehovws dhevémgionl vides oediubb@rSeYESN) in the
vol une area; Fig. 3D shows the | ogical block nunbers (LBN) in 20 t he

vol une area; fefng4siskoweaskettenirecpsdel st hbatarnaer cepedpd@® i9f t he vol unme

ares 5 playing back and recording video signals;
Fig. 1B shows the relationship between the source
materials and the editing result;
Fig. 2A shows the outward appearance of a DVD-RAM
disc that is the recordable optical disc used in the
10 embodiments of the present invention;
Fig. 2B shows the recording areas on a DVD-RAM;
Fig. 2C shows the cross-section and surface of a
bVD—RAM cut at a sector header; |
Fig. 3A shows the zones 0 to 23 on a DVD-RAM;
15 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
20 the volume area;
Fig. 4A shows the contents of the data recorded in
the volume area;
Fig. 4B shows the hierarchical structure of the

data definitions used in MPEG standard;

25 Fig. 5A shows a plurality of sets of picture data

16



Fig. 4B shows the hierarchical structure of the data definitions used in
MPEG st andard; 25 Fig. 5A shows a plurality of sets of picture data

16 arran ' i splay order and a plurality of: sets of picture data
arranged ingﬁga?ﬁgggrder; Fig. 5B shows the correspondence NREAMZdi o

franmes and audi o data; 5 Fig. 6A shows a detailed hierarchy of the
| ogical formats in the data construction of a VOB (Video Object); Fig. 6B
shows the partial deletion of a VOB, Fig. 6C shows the |ogical format of a
vi deo pack 10 arranged at the start of a VOB, Fig. 6D shows | ogical
format of othera§Fé§€egaé@sdéspénge@rhmraaﬁﬁBa PlarAH tshas ddwss @i ca
format of an audi o pack; Fig. 6F shows the | ogical format of a pack header;
15 Fi g. P6BtYRBwdatRearsgnegd fior vedioly @reiest;em header; Fig. 6H
shows the |ogical forymt of a packet header; Fig. 7A shows a video frame
and the occupancy of EX¥- OB QW dehe 39eresponden@e shetwean audio frane

and an i deal trgpghggognanahggobggggg state of the audi o buffer;

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

Fig. 6B shows the partial deletion of a VOB;

Fig. 6C shows the logical format of a video pack
10 arranged at the start of a VOB;

Fig. 6D shows logical format of other video packs

arranged in a VOB;

Fig. 6E shows the logical format of an audio pack;

Fig. 6F shows the logical format of a pack header;
15 Fig. 6G shows the logical format of a system

header:;

Fig. 6H shows the logical format of a packet

header;

Fig. 7A shows a video frame and the occupancy of

20 the video buffer;
Fig. 7B shows an audio frame and an ideal
transition in the buffer state of the audio buffer;
Fig. 7C shows an audio frame and the actual
transition in the buffer state of the audio buffer;

25 Fig. 7D shows the detailed transfer period of each

17



Fig. 7C shows an audio frane and the actual transition in the buffer state
of the audio buffer; 25 Fig. 7D shows the detailed transfer period
of each 17 set of picture data; Fig. 8A shows how audi o packs, which
store theywaysbinarsdata to be reproduced in a plurality of ZGIVE8%Aes, and
vi deo packs, which store the picture data 5 that is to be reproduced in a
plurality of video franes, may be recorded; Fig. 8B shows a key to the
notation used in Fig. 8A; Fig. 9 shows how audi o packs, which store the
audi o 10 data to be reproduced in a plurality of audio franmes, and video

packs, which r LGtur ata that is to be reproduced in a plurality
of video fran%%? ﬁgigﬁéﬁ#g%bfﬁgg; Fig. 10A shows the transition in the

buffer state 15  dpfhNOgAOhsis hbwShuddstpaéks, viHechssteas theg. 10B
shows the transition in the buffer state during for the last part of a

video stream .o Hi€aShovpd tepgranmdd dm ia glherdiftferoStaudiacr oss two
VOBs, when the video stream whose | ast part 20 causes the buffer state

shown in Fig. fQRdss seriEsidy gdoussd whidhestamedhss eanwre statdr ner
part causes the buffer state shown in Fig. 10A;
5 that is to be reproduced in a plurality of video frames,
may be recorded;
Fig. 8B shows a key to the notation used in Fig.
8A;
Fig. 9 shows how audio packs, which store the audio
10 data to be reproduced in a plurality of audio frames,
and video packs, which store the picture data that is to
be reproduced in a plurality of video frames, may be
recorded; |
Fig. 10A shows the transiticn_in the buffer state
15 during for thé first part of a video stream;
Fig. 10B shows the transition in the buffer state
during for the last part of a video stream;
Fig. 10C shows the transition in the buffer state
across two VOBs, when the video stream whose last part
20 causes the buffer state shown in Fig. 10B is seamlessly
linked to the video stream whose former part causes the
buffer state shown in Fig. 10A;
Fig. 11A is a graph where the SCRs of video packs
included in a VOB are plotted in the order in which the

25 video packé are arranged;
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Fig. 11Ais a graph where the SCRs of video packs included in a VOB are

plotted in the order in which the 25 vi deo packs are arranged; 18 Fig.
11B shows anngaqple where the first SCR in section B matches the |ast SCR
in section AYORPY7SAC shows an exanpl e where the first SCR PATHRSSIONDA D i s

hi gher than the last SCR in section C, 5  Fig. 11D shows an exanpl e
where the last SCR in section Eis higher than the first SCR in section F;
Fig. 11E shows the graph for the continuity of VOBs of Fig. 11A for two
specific VOBs; Fig. 12A shows a detail ed expansion of the data 10

hi erarchy in the RTRWimnayemeshows! £n gigmpigBWﬁEQ@BtthfE¥§¥d§§§{ﬁ%ﬁor

format; Fig. 12C shows the data construction of the audro gap

i nf ormati on; Fi gect3oshdwmatiehekufther 10eauRRICY: f YWe Cdé‘n o, a 15 f or mer
VOB and a latter VOB; Fig. 14A shows exanples of audio framres and video

frames; Fig. 14B shovi8ighellC neholvd f@n eocgmgle t HREraPeRA’ 81 8L+t Begeny of
the audi o data and picture data when the 20 reproduction tine of picture

data and the repPEELORI Bnisi hgberattian dthien larst algroned sdctitg gart of a
VOB; Fig. %40 shows the audi o pack G3 including the
Fig. 11D shows an example where the last SCR in
section E is higher than the first SCR in section F;
Fig. 11E shows the graph for the continuity of VOBs
of Fig. 11A for two specific VOBRs;
Fig. 12A shows a detailed expansion of the data
10 hierarchy in the RTRW management file;
Fig. 12B shows the PTM descriptor format;
Fig. 12C shows the data construction of the audio

gap location information;

Fig. 13 shows the buffer occupancy for each of a

15 former VOB and a latter VOB;

Fig. 14A shows examples of audio frames and video
frames;

Fig. 14B shows the time difference gl that appears
at the end of the audio data and picture data when the

20 reproduction time of picture data and the reproduction

time of audio data are aligned at the start of a VOB;

Fig. 14C shows the audio pack G3 including the
audio gap and the audio pack G4, audio pack G3 including
(i) the sets of audio data y-2, y-1, and Y, which are

25 located at the end of VOB#1, and (ii) the

19



audi o gap and the audi o pack 4, audio pack G3 including (i) the sets of
audio data y-2, y-1, and y, which are 25 | ocated at the end of VOB#1,
and (ii) the 19 Paddi ngPacket, and audi o pack & including the sets of
audi 0 dat avoieo/d7st, and u+2, which are | ocated at the staIPFT’d?”(%ﬂﬁz; Fig.
14D shows into which of VOBU#1, VOBU#2, and 5 VOBU#3 at the start of the
VOB#2 the audi o pack G3 including the audio gap is arranged; Figs. 15A to
15D show the procedure for the regeneration of the audio gap when t he VOBUs
| ocated at the start of VOB#2, out of the VOBs #1 and #2 that are 10 to

be reproducedp553ith§Sph¥ket] Cafle! 688> Fhok d8 sheruaingxehpl sesysoém
configuration using the video data editing apparatus of the first

embodi ment ; Figdid7dhBaaupl @6k, dhngravzshenion abe hacdtedeat5the
construction of the DVD recorder 70; Fig. 18 shows the construction the
MPEG encoder gfaftgofl9oB#Ys the construction of the MPEG decoder 4; Fig.
20 is a timng chart showng the timng for 20 the switching of swtches
SWL to SWI; Fig. 2Fiis 44D cinher tirstrowiigh et praRIBHUr VQBU%He AN ess

processi ng;
5 VOBU#3 at the start of the VOB#2 the audio pack G3
including the audio gap is arranged;

Figs. 15A to 15D show the procedure for the
regeneration of the audio gap when the VOBUs located at
the start of VOB#2, out of the VOBs #1 and #2 that are

10 to be reproduced seamlessly, are deleted;

Fig. 16 show an example system configuration using
the video data editing apparatus of the first
embodiment;

Fig. 17 is a block diagram showing the hardware

15 cohstruction of the DVD recorder 70;

Fig. 18 shows the construction the MPEG encoder 2;

Fig. 19 shows the construction of the MPEG decoder
4;

Fig. 20 is a timing chart showing the timing for

20 the switching of switches SW1 to SW4;

Fig. 21 is a flowchart showing the procedure of the
seamless processing;

Fig. 22 is also a flowchart showing the procedure

of the seamless processing;

25 Figs. 23A and 23B show the analysis of transition

20
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Fig. 22 is also a flowhart show ng the procedure of the seanl ess
processing; 25 Figs. 23A and 23B show the analysis of transition 20

in the buffa&o?&@k§7for audi o packs; Fig. 23C shows the area that is to be
read fromthe former VOB in step S106; Fig. 23D shows the aPEHRWAH7Bs to

be read fromthe 5 | atter VOB in step S107; Fig. 24A shows the audio
frames in the audio streamthat correspond to the audio franmes x, x+1, vy,
U u+l, u+2 used in Fig. 22; Fig. 24B shows the case when the 10

Fi r st SCR+STCof f set corresponds to a boundary between audio franes in the
forner VOB; Fig.in4ds gthestatye e natdibo vpaleles F eproduction start tine
VOB V_S PTMtSTC_ of fset corresponds to a boundary between audio frames in
the former VOB, 15 Fig. 2@Cgshowp thewsrehe thate ishen e uars e ithe
end tinme of the yideo frane y corresponds to a boundary between audi o
frames in the | Qﬁﬁeﬁﬂﬁé FiTy. Step ; how t he audi o packs storing audio

data for a plurality gf au?%g fﬁanes and the video packs 20 storing
vi deo data for each vfdu8o ne9Ve kPt pEraxshatFig. t26behewesdarf rexa e

of the sectd on qfatq:e\p%dg%_tn iS esgaescli&;;ed using tinme information for- a pair

of
Fig. 24A shows the audio frames in the audio stream

that correspond to the audio frames x, x+1, y, u, u+l,
u+2 used in Fig. 22;
Fig. 24B shows the case when the

10 First SCR+STC_offset corresponds to a boundary between
audio frames in the former VOB;

Fig. 24C shows the case when the.video reproduction
start time VOB_V_S_PTM+STC offset correspoﬁds to a
boundary between audio frames in the former VOB;

15 Fig. 24D shows the case when the presentation end
‘time of the video frame Y corresponds to a boundary
between audio frames in the latter VOB;

Fig. 25 shows how the audio packs storing audio
data for a plurality of audioc frames and the video packs

20 Storing video data for each video frame are multiplexed;

Fig. 26 shows an example of the section of a VOB
that is specified using time information for a pair of
C_V_S PTM and C_V_E_PTM;

Fig. 27A shows the area that is to be read from the
25 former cell in step S106;
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CV.S PTMand CV E PTM Fig. 27A shows the area that is to be read from
the 25 former cell in step S106; 21 Fig. 27B shows the area that is
to be read fromthe latter cell in step S107; Fig. 28A shows an exanple of
the |inki Rgoednasets of cell information that are specifi 8FT8%M3editing 5
boundaries in a VOBU, Fig. 28B shows the processing for the three rules for
reconstructing GOPs when correcting the display order and codi ng order;

Fig. 29A shows the processing when changing a 10 picture type of picture
data in the fornmer cell; Fig. 29B shows the procedure for neasuring the

change [err] in th ff o n £802 CPRRYI N8 BoPbEet vegdt ¥pémi Ghkhe
former cell; Fig. g%%#sh%zg 3 gggrg%ggglna wher e changi ng the 15 pi cture

type of the | %&%%Ic@ébllﬂﬂ;sﬁgyBgyuwﬁ the procedure for measuring the
change [err] in the buffer occupancy when changing a picture type in the

latter cell; Fig. 3#1%_.8 284! OMENSI hnSBRMInPYet BE pheckdnkengoof28etst bE
seamnl ess processing; Fig. 32 is also a flowhart show ng the procedure for
the seanl ess PeQQessifitmation that are specified as the editing

5 boundaries in a VOBU;

Fig. 28B shows the processing for the three rules
for reconstructing GOPs when correcting the display
order and coding order:;

Fig. 29A shows the processing when changing a

10 picture type of picture data in the former cell;

Fig. 29B shows the procedure for measuring the
change § in the buffer occupancy when changing a picture
type in the former cell;

Fig. 30A shows the processing where changing the

15 picture type of the latter cell;

Fig. 30B shows the procedure for measuring the
change o in the buffer occupancy when changing a picture
type in the latter cell;

Fig. 31 is a flowchart showing the procedure for

20 the seamless processing;

Fig. 32 is also a flowchart showing the procedure
for the seamless processing;

Fig. 33 is also a flowchart showing the procedure
for the seamless processing;

25 Fig..34 shows the audio frames in the audio stream

22
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Fig. 33 is also a flowhart shomﬁng'thé procedure for the seanl ess

processing; 25 Fig. 34 shows the audio franes int

he audi o stream

22 t hat gaiﬁﬁaﬂgnd to the audio frames x, x+1, and y used in the

flowchart o
Fig. 36 shows the information, aside fromthe 5 sect or

1; Fig. 35 shows the hierarchical directRWPEUE ure;

managenent table

and AV bl ock managenent table shown in Fig. 6, in the nanagenent

information for the file system Fig. 37 shows the |inked

by the arrows in Fig. 6 within the directory structure; 10

rel ati ons shown
Fig. 38A

shows the data tbast coctrespontl ttiol ¢hentaidds ifiragieent:er et Aidnd iy Gus&8B

shows the data construction of the allocation descriptors;

Fig. 38C shows

the recorded staRetbp fRevwgbpat 2f1Fig.bidtls in the data shows the extent

| ength; Fig. 39A shows the detailed data construction of the file

i dentification descrifpt®r Jdrshows ridhe onier&rchifaB dhpestbhy deractededat a
construction of the file identification descriptor for a file; 20

Fig. 40 is a nodel sHoW ng>® NS Ere ntpfermabionacksbdef ronf the dat a

read from t.the DYD- Fig. 41 is a functional block diagram show ng the
% gecgéylmanggement table and AV block mané%ement tabfg

shown in Fig. 6, in the management information for the

file system;

Fig. 37 shows the linked relations shown by the

arrows in Fig. 6 within the directory structure;

10 Fig. 38A shows the data construction of file

entries in greater detail;

Fig. 38B shows the data construction of the

allocation descriptors;

Fig. 3BC shows the recorded state of the upper 2

15 bits in the data shows the extent length:

Fig. 39A shows the detailed data construction of

the file identification descriptor for a directory:;

Fig. 39B shows the detailed data construction of

the file identification descriptor for a file;

20 Fig. 40 is a model showing the buffering in the

track buffer of AV data read from the DVD-RAM;

Fig. 41 is a functional block diagram showing the

construction of the DVD recorder 70 divided by function;

Fig. 42 shows an example of an interactive screen

25 displayed on the TV monitor 72 under the control of the
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construction of the DVD recorder 70 divided by function; Fig. 42 shows an
exanpl e of an interactive screen 25 di spl ayed on the TV nonitor 72 under
the control of the 23 recordi ng-editing-reproduction control unit 12;
Fig. 43 i swesd/ieschart showi ng the processing by the PCT/JP98/04173

recordi ng-editing-reproduction control unit 12 for a virtual edit and for a
real edit; 5 Figs. 44A to 44F show a suppl enentary exanple to
illustrate the processing of the AV data editing unit 15 in the flowhart

of Fig. 43; Figs. 45A to 45E show a supplenentary exanple to illustrate the

processing of e, Al al g Ad e ibdudi P codfréhamiowchart of Fig. 43;

Figs. 46A to 46F show a suppl enentary exanple to illustrate the processing

of the AV data editirhg.uait i§5al F1bkenhreWshaitingl thiegdprédeskiigg HYA shows
the relationship between the extents 15 and the in-nmenory data, in terns

of tine; Fig. vhdB rdewrdine-edbt ingredpradwdt Dors heanted eemi t hb2 ekeem s,
the In area and the Qut area; Fig. 48A is a flowhart show ng the
processi ng by tinetuel fedit sarsd efoxim trddl wiakitt executing a "SPLIT* 20
command; Fig. 48B is a flowhart showi ng the processing when executing a
" SHORTEN'5command i §igssuddA to 44F show a supplementary example to
illustrate the processing of the AV data editing unit 15
in the flowchart of Fig. 43;
Figs. 45A to 45E show a supplementary example to
illustrate the processing of the AV data editing unit 15
10 in the flowchart of Fig. 43;
Figs. 46A to 46F show a supplementary example to
illustrate the processing of the AV data editing unit 15
in the flowchart of Fig. 43;
Fig. 47A shows the relationship between the extents
15 and the in-memory data, in terms of time;
Fig. 47B shows the positional relationship between
the extents, the In area and the Out area;
Fig. 48A is a flowchart showing the processing by
the AV file system unit 11 when executing a "SPLIT"
20 command;
Fig. 48B is a flowchart showing the processing when
executing a "SHORTEN" command is issued;
Fig. 48B is a flowchart showing the processing when

executing a "MERGE"” command is issued;

25 Fig. 50 is a flowchart for the case when the former
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Fig. 48Bis a flowhart show ng the proceséing when executing a "MERGE"
command i s issued; 25 Fig. 50 is a flowhart for the case when the

former 24 wd%?%‘ﬁ% is below AV bl ock length but the latter extent is at

| east equal 10 AV Bl ock length; Figs. 51A-51B are a suppl eRGHEI8O4LBa ) e
showi ng the processing of the AV file systemunit 11 in the 5 fl owchart
of Fig. 50; Figs. 52A to 52C are a suppl enentary exanple show ng the
processing of the AV file systemunit 11 in the flowhart of Fig. 50; Figs.
53A to 53D are a supplenmentary exanple 10 showi ng the processing of the
AV file system@FFEN41is noehews Rbwbhack denpih. bal; theglathéh ARt i
suppl enentary exanpl e shomﬁng the processing of the AV file systemunit 11
in the flowchari® of®#$Yy.e@@al 50 AV blockj gengshis a flowchart for the case

when the forner exteEL I S gﬁ | east equal to AV block length but the latter
extent is bel ow AV bI'68R "I gy EFiag‘%. & GARIERRANL & ¥ PPt sihgwenanpl e

showi ng the pr 35%9 g% the A, ile systemunit 11 in the 20 fl owchart
of Fig. 55; Fi3§%§ - e %%ggéﬁléﬂe%%g?ysgﬁﬁﬁﬁlBnéﬁoﬁﬂngntﬁ@e
processi ngsof tfﬁb&%ﬁéfﬁebfyfigﬁ‘gﬁit 11 in the
Figs. 52A to 52C are a supplementary example
showing the processing of the AV file system unit 11 in

the flowchart of Fig. 50;

Figs. 53A to 53D are a supplementary example

10 showing the processing of the AV file system unit 11 in
the flowchart of Fig. 50;

Figs. 54A-54D are a supplementary example showing
the processing of the AV file systém unit 11 in the
flowchart of Fig. 50;

15 Fig. 55 is a flowchart for the case when the former
extent is at least equal to AV block length but the
latter extent is below AV block length;

Figs. 56A-56B are a supplementary example showing
the processing of the AV file system unit 11 in the

20 flowchart of Fig. 55;

Figs. 57A-57C are a supplementary example showing
the processing of the AV file system unit 11 in the
flowchart of Fig. 55;

Figs. 53A-53D are a supplementary example showing

25 the processing of the AV file system unit 11 in the
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flowchart of Fig. 55; Figs. 53A-53D are a suppl enentary exanpl e show ng 25
the processing of the AV file systemunit 11 in the 25 flowchart of Fig.
55; Figs. 54A-54D are a suppl enentary exanpl e show ng the processing of the
AV file swebesnsit 11 in the flowhart of Fig. 55; 5 PCT/IPOYQ4YT3 60 s a
flowchart for the case when the both the former extent and the latter
extent are bel ow AV bl ock length; Figs. 61A-61D are a suppl enentary exanpl e
showi ng the processing of the AV file systemunit 11 in the 10 fl owchart
of Fig. 60; Figs. 62A-62C are a supplenentary exanpl e show ng the

processi ng of gihgiMadd IF ssgemasnit 11 in the flowhart of Fig. 60; Figs.
63A-63C are a suppl enentary exanpl e show ng 15 the processing of the AV

file systemunit 1lrigsthe4htewphart af shpgle@nthirysexbhpledBhamd ng
suppl ement ary exanpl e showi ng the processing of the AV file systemunit 11
in the fl owchatte rddapsiffy &0 the AV fHe.s¥ftén wnit olchbtmtthier the case
when the both the forner extent and the latter extent are at |east equal to
AV bl ock | engtflowchart of Fig. 55;
5 Fig. 60 is a flowchart for the case when the both
the former extent and the latter extent are below AV
block length;
Figs. 61A-61D are a supplementary example showing
the processing of the AV file system unit 11 in the
10 flowchart of Fig. 60;
Figs. 62A-62C are a supplementary example showing
the processing of the AV file system unit 11 in the
flowchart of Fig. 60;
Figs. 63A-63C are a supplementary example showing
15 the processing of the AV file system unit 11 in the
flowchart of Fig. 60;
Figs. 64A-64D are a supplementary example showing
the processing of the AV file system unit 11 in the
flowchart of Fig. 60;
20 Fig. 65 is a flowchart for the case when the both
the former extent and the latter extent are at least
equal to AV block length;
Figs. 66A-66D are a supplementary example showing

the proceésing'of the AV file system unit 11 in the

25 flowchart of Fig. 65;
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Fi gs. 66A-66D are a supplenmentary exanpl e showi ng the processing of the AV
file systemunit 11 in the 25 flowhart of Fig. 65; 26 Fig. 67 is a
flowchart showi ng the case when the both the forner extent and the latter
extent are JYOP¥HRZ equal to AV block | ength but the data SPCREPISP41Fhe | n
area and Qut area are insufficient; 5 Figs. 68A-68E are a

suppl enent ary exanpl e showi ng the processing of the AV file systemunit 11
in the flowmhart of Fig. 67; Figs. 69A-69D are a suppl enentary exanpl e
showi ng the processing of the defragnentation unit 16; 10 Fig. 70A

shows the detailed hiErgr Bl cid £oflewhFt t SHEodRTiRYY PROAGEEBNhER! 8nkn the
fourth enbodinent; Fig. 70Bis a flowhart show ng the | ogical format of

the origi nal PA2OFhf theafpomernekhentoandh terbaditH extent are atFi . 70C
is a flowhart showi ng the |ogical format of the user-defined PGC
i nformation i n {88Sto8ALALeboAVTbADCkFilengEBDbaitowhet ki t0giicals fof rite of
the title search pointer; 20 "~ Fig. 71 shows the inter-relationships
bet ween t he "Av f| 8regnhandyPuhit srephereOBasufifd c¥@Rt;nf or nati on, the
ori gi nal ch inforna%;on, and the user-defined PGC
igs. 68A-68E are a supplementary example showing
the processing of the AV file system unit 11 in the

flowchart of Fig. 67;

Figs. 69A-69D are a supplementary example showing
the processing of the defragmentation unit 16;

10 Fig. 70A shows the detailed hierarchical content of
the RTRW management file in the fourth embodiment:;

Fig. 70B is a flowchart showing the logical format
of the original PGC information in the fourth
embodiment;

15 Fig. 70C is a flowchart showing the logical format
of the user-defined PGC information in the fourth

embodiment;

Fig. 70D shows the logical format of the title

search pointer;

20 Fig. 71 shows the inter-relationships between the
AV file, the extents, the VOBs, the VOB information, the
original PGC information, and the user-defined PGC
information, with the unified elements being enclosed in

the frames drawn with the heavy lines;

25 Fig. 72 shows an exXample of a user-defined PGC and
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information, with the unified el enents being enclosed in the franes drawn
with the heavy |ines; 25 Fig. 72 shows an exanple of a

user -defined PGC and 27 an original PGC, Fig. 73 shows the&Part t hat
corresponw®wa4mshe cell to be del eted using di agonal shaBEHESMIFE 74A
shows whi ch ECC bl ocks are freed into 5 enpty areas by a real edit using
the user-defined PGC information #2; Fig. 74B shows exanples of VOBs, VOB

i nformation, and PGC information after a real edit; Fig. 75 is a functional
bl ock di agram shown the 10 construction of the DVD recorder 70 divided
according to fungti Pmatiseec /6 shows an exanple of original PGC information
t hat has been generated by the user-defined PGC infornmation generator 25

when recording an AYqf.i 78, shdws the pakitdthatA cWiaespandsx anpitheofceddaphi cs
data that is displayed on the TV nonitor 72 under the control of the

recor di ng- edi o rge répl Ockd tioing odi sgdbnabhi $hd@ingt g. 77B shows an exanpl e
of the PGC information and cell information that are displayed as a |ist of
20 operation tar§egs; 7TRAgsho®s whizhf EGGCcbdockshare tiregst dedssi ng duri ng
partial reproduction of a title;

5 empty areas by a real edit using the user—-defined PGC
information #2;

Fig. 74B shows examples of VOBs, VOB information,
and PGC information after a real edit;
Fig. 75 is a functional block diagram shown the

10 construction of the DVD recorder 70 divided according to
function; |

Fig. 76 shows an example of original PGC
information that has been generated by the usér—defined
PGC information generator 25 when recording an AV file;

15 Fig. 77A shows an example of graphics data that is
displayed on the TV monitor 72 under the control of the
recording-editing-reproduction control unit 12:

Fig. 77B shows an example of the PGC information
and cell information that are displayed as a list of

20 operation targets;

Fig. 78A is a flowchart shows the processing during
partial reproduction of a title;
Fig. 78B shows how only the section between the

presentation start time C_V_S PTM and the presentation

25 end time C_V_E PTM is reproduced, out of the VOBUs
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Fig. 78B shows how only the section between the presentation start tine
C V.S PTM and the presentation 25 end tine CV_E PTMis reproduced, out
of the VOBUSw$99/14743€t Ween the VOBU (START) and the VOBU (END); Figs. 79A,
79B show the user pressing the mark key while view ng video RGFAREO473 t he
TV monitor 72; Figs. 80A, 80B show how data is inputted and 5 out putted
bet ween the conponents shown in Fig. 75 when a marki ng operation is
performed; Fig. 81 is a flowhart showi ng the processing of the editing
mul ti - stage cont&gl unit 26 when defining user-defined PGC information; 10
Fig. 82 is a floREAYPENsKBRI NEBUhd SEAREEs sindg thfe tMOBLENENDIG Mul ti - st age
control unit 26 when defini user-defined PGC information; Fig. 83 is a
fl owchart show ng the%glr%?t'es Byg BB t oW eithe daser eptésogngephedistkoRey
control unit 12 1h. e ggrimg a greviQM/and areal edit; Fig. 84 is a
fl owchart show ng %%e Upa4tBIpV 888siingIrsr onh&hRGEVI momitmir re;af ter a
real edit; Fig. 85 sh n a of the interactive screen that is
di spl ayed on the TV no%sgr %'w‘ﬁ?aﬁl%@%@am is nbkputted! andi on of
cell informgtiong Lpn_a _set of user-defined PGC information
during a virtual §3?§?€é3n3@£wégn tRe components shown in Fig. 75 when a
marking operation is performed;

Fig. 81 is a flowchart showing the processing of
the editing multi-stage control unit 26 when defining
user-defined PGC information;

10 . .
Fig. 82 is a flowchart showing the processing of

the editing multi-stage control unit 26 when defining
user-defined PGC information;
Fig. 83 is a flowchart showing the processing of
the recording—editing-reproduction control unit 12
15 during a preview and 2 real edit;
Fig. 84 is a flowchart showing the update
pProcessing for the PGC information after a real edit;
Fig. 85 shows an example of the interactive scfeen
that is displayed on the TV monitor 72 to have the user
20 make a selection of cell information as a element in a
set of user-defined PGC information during a virtual
edit;
Figs. 86A, 86B show the relationship between the
user operation of the remote controller 71 and the

25 ' i
display processing that accompanies the user operation;
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Figs. 86A, 86B show the relationship between the user operation of the
renote controller 71 and the 25 di spl ay processing that acconpanies the
user operation; 29 Figs. 87A to 87D show the relat|onsh| gﬁgyfen t he
user operwbiopu7ef the renote controller 71 and the dISp| ﬁ? éSS|ng t hat
acconpani es the user operation; Figs. 88A, 88B show the relationship
between the 5 user operation of the renote controller 71 and the displ ay
processi ng that acconpani es the user operation; Figs. 89A, 89B show the
relationship between the user operation of the renote controller 71 and the

di spl ay processing %t FGRORRARBTES dHiwr IR relaitdldnshipl between thg g. 90
shows an exanple of the interactive screen that has the user select a set

of user-defingge PGSpbphoisAL bENLAE Bepotei eontuslhgrt e phdytRey) or a rea
edit (using the real edit key); Fig. 91 shows an exanple of the qriginal
PGC 15 I nf oggEhLEY pﬁbbesamﬂgUSBatdatcnmpaﬁ@ES|hh@rﬁﬁ?FoﬁpﬁﬁﬁFéonmhen t he
user-defined PGC information #2 conposed of CELL#2B, CELL#4B CﬁbﬁglOB and
CELL#5B and t he usa&igslefd@fed S8EC shevorthe | xt 3L ABTHHE

CELL#6C, CELL#8C, CELL#9C have been defined; 20 92A- 92B show

t he reIa5|onshsprbepaeehlpheoﬁs§heo§§mﬁFPoﬁoﬁFrPﬁéeFeﬁﬁt@ngoﬁPFoIIer 71 and

t he di splay processing that acconggnles t he user % erat
display processing that accompanies

E%nbperatlon,
Figs. 89A, 89B show the relationship between the
user operation'of the remote controller 71 and the
display processing that accompanies the user operation;

10 Fig. 90 shows an example of the interactive screen
that has the user select a set of user-defined PGC
information or a preview (using the play key) or a real
edit (using the real edit key):

Fig. 91 shows an example of the original PGC

15 jnformation table and user-—defined PGC information
table, when the user-defined PGC information #2 composed
of CELL#2B, CELL#4B, CELL#10B, and CELL#5B and the user-
defined PGC information #3 composed of CELL#3C, CELL#6C,
CELL#8C, CELL#9C have been defined;

20 Figs. 92A-92B show the relationship between the
user operation of the remote controller 71 and the
display processing that accompanies the user operation;

Figs. 93A-93C show the relationship between the
user operation of the remote controller 71 and the

25 display prbcessing that accompanies the user operation;
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Figs. 93A-93C show the rel ationship between the user operation of the
renote controller 71 and the 25 di spl ay processing that acconpanies the
user operati ¢poorldss; Figs. 94A-94C show the rel ationship between the user
operation of the remote controller 71 and the display proce§§ﬂh§9W%ﬁﬁ3
acconpani es the user operation; and 5 Fig. 95 shows the origina
PGC information table and the user-defined PGC information table after the
processing of VOBs in a real edit. 10 DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS The fol | owi hg enbodi ments describe a video data editing
apparatus and the optitHS di AWM Chshere vheepelatdondhlpnBedBanaktus USes
as recording nedium_ For ease of explanation, the explanation is divided
into 15 four uﬁﬁffd R}?ﬁf%lf’ﬁapfdéglle Wemotehequitrs ldadr StT ugidirghef t he
optical disc, gglga structure, the hardware structure of the video
data editing appara gﬁacFﬁélPQnEP@GnéPQQmmanmaa|the(ﬁseﬂubpankﬂndﬁaa
edi ting apparatugnq? The first enbodi nent expl ains the physical
structure of the optlcal disc and the hardware structure of the video data

editing apparatus, as g gx%ggess | i nking of video objects as the
first basic exanple of V|deo éditing '€ original PGC information table

and the user- deflned PGC information table after the

processing of VOBs in a real edit.

10 DESCRIPTION OF THE PREFERRED EMBODIMENTS
The following embodiments describe a video data
editing apparatus and the optical disc which the video
data editing apparétus uses as recording medium. For
ease of explanation, the explanation is divided into

15 four embodiments that deal with the physical structure
of the optical disc, the logical structure, the hardware
Structure of the video data editing apparatus, and the
functional construction of the video data editing
apparatus.

20 The first embodiment explains the physical
Sstructure of the optical disc and the hardware structure
of the video data editing apparatus, as well as the
seamless linking of video objects as the first basic

example of video editing.

25 - The second embodiment explains seamless linking of
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25 The second enbodi nent expl ai ns seanl ess |inking of 31 parti al
sections of video objects as the second basic exanple. The third enbodi nent
deals with the functional construction of the video data %_gji?ég,&g,_,’appar at us

and the pvoemmwse for realizing video editing within a fi9 system The
fourth enbodi mnent describes the data structures and procedure of the video

data editing apparatus when performng a two-stage editing process conposed
of virtual editing and real editing of two types of program 10 chai n

call ed a user-defined PGC and an original PGC. (1-1) Physical Structure of

a Recordabl e opiJ LS5 508 02 Ay 88O¥Scl f@cext &5 nehe appeandnbasbe a
DVD-RANIdiscjéﬁé.f?% %%?g%grda%le opticalf§$sc. As shown in 15 this

drawing, the DVDRRAM i sThe@agkgriné@oedimero deahsewithnghapfuanratignRkying
been placed into a cartridge 75. This cartridge 75 protects the recording
surface of th@oﬁgikﬁwﬁﬁoﬁndfhﬁheavsﬂebtéata6edhttHGOQEﬁéréﬁHSCPBQeEhFO

al l ow access to the DVD-RAM encl osed inside. 20, . ,Fig. ZE shows the
recordi ng ar eprote8yPe RAMLdrealining videor edbtdng| WibPinc | £4i€c. As shown
in the figure, the DVD-RAM has a |lead-in area at its innernost periphery
and a | egd- ousyatem.at its outernost periphery, with the data area in

petween. The |ead- |0 28 e e iint eS8 hd AR LG sals Tor
and procedure of the video data editing apparatus when
performing a two-stage editing process composed of
virtual editing and real editing of two types of program

10 chain called a user-defined PGC and an original PGC.

{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 shown in

15 this drawing, the DVD-RAM is loaded into a video data
editing apparatus having been placed into a cartridge
75. This cartridge 75 protects the recording surface of
the DVD-RAM, and has a shutter 76 which opens and closes
to allow access to the DVD-RAM enclosed inside.

20 Fig. 2B shows the recording area of DVD-RAM disc
which is a recordable optical disc. As shown in the
figure, the DVD-RAM has a lead-in area at its innermost
periphery and a lead-out area at its outermost
periphery, with the data area in between. The lead-in

25 area records the necessary reference signals for the
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32 stabilization of a servo during access by an optical pickup, and
I dentification signals to prevent confusion with other nedia. The | ead-out

area record type of reference signals as the lead-in area. The
data 5 ar§Z§B%%§%ﬂﬁi|e, is divided into sectors which ar ePEWEPISIHA7B est

unit by which the DVD-RAM can be accessed. Here, the size of each sector is
set at 2KB. Fig. 2C shows the cross-section and surface of a DVD-RAM cut at
t he header of a sector. As shown in the 10 figure, each sector is
conposed of a pit sequence that is forned in the surface of a reflective
film such as aShRdlizathommE & conwey cwoiwgXadesss BPeaRi bpeegygnce is
conposed of 0O.4[err]m1.87[err]mpits that are carved into the surface of
the DVD-RAM t 0 Uy anchd denftidii cattiers ss i givel € 0n6 QyLe GORY C¥oRBNE 1 bS

conposed of a cog&gye art called a "groove" and a convex part called a
"l and". Each gr ﬁ?@lﬁramf% a The: drefidhputar &red npecerd of tiie n8d@e film

capabl e of Phas% %gg&g 2%? attaned toits surface. Here, the
expressi on "capaBle pESE T IR ss fiehe tmad-etraiten. meThe casthe
s B B R T Sl 4Gh s ot e |
\(j\hhfilr ZC}[ t(:ar: zt i C, sHatae5N Al ¢ b?(e Whid r%%% iDQ}DO—IgAﬂ Sca(.:r?nl;:eavaeéggsnsv:c)l(. part-
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
10 figure, each sector is composed of a pit sequence that
is formed in the surface of a reflective film, such as a
metal film, and a concave-~-convex part[
The pit sequence is composed of 0.4pm~1.87pum pits
that are carved into the surface of the DVD-RAM to show
15 the sector address.
The concave-convex part is composed of a concave
part called a "groove" and a convex part called a
"land". Each groove and land has a recording mark
composed of a metal film capable of phase change
20 attached to its surface. Here, the expression "capable
of phase change" means that the recording mark can be in
@ crystalline state or a non-crystalline state depending
on whether the metal film has been exposed to a light

beam. Using this phase change characteristic, data can

25 be recorded into this concave-convex part. While it is
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33 only possible to record data onto the land part of an MO
(Magnetic-Optical) disc, data can be recorded onto both the I and and the
groove parts of a DVD-RAM neaning that the recording density of a DVD RAM
exceeds tpabosmiizsan MO 5  disc. Error correction infor mREFERO¥%1Br ovi ded
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 called
an ECC block. On a DVD-RAM the data area is divided to several 10 zones
to realize rotation control called Z-CLV(Zone-Constant Linear Velocity)

during recor dbagg&s@qmad%t heord @at3Aocntons Hehd apidipaztt yofbfary Mes
provi ded on a DV M As shown in the figure, a DVD-RAMis divided 15 to

24 zones nunbqMadnefie-0ptaeald3disash datvae dan degreaproied aUks hatdr are
accessed using the same angular velocity. In this enbodi nent, each zone
i ncl udes 1888 theadlshd Bnel thieatjronde pagilsaofvel GVD-RAM, MERDWT G s set
separately for each zone, with this velocity 20 bei ng hi gher the ¢l oser a
zone is | ocat ethet aedvrdimye depedityherfy coDVHRAY swcemds St &f 13k Mt a
area into zones ensures that the optical_ pickup can nove a const ant
vel oci ty Whi | @iper.f ofitiney asgaestijiomiinfomaidian Ach@TBPRWT i b, the
recordi ng density of 25 DVD-RAM i s rai sed, and rotatioqlpontrol during
recordi ng 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 called an ECC block.
On a DVD—RAM, the data area is divided to several
10 zones to realize rotation control called
7-CLV (Zone-Constant Linear Velocity) during recording
and reproduction.
Fig. 3A shows the pluraiity of zones provided on a
DVD-RAM. As shown in the figure, a DVD-RAM is divided
15 to 24 zones numbered zone O~zone 23. Each zone is a
group of tracks that are accessed using the same angular
velocity. In this embodiment, each zone includes 1888
tracks. The rotational angular velocity of the DVD-RAM
is set separately for each zone, with this velocity
20 being higher the closer a zone is located to the inner
periphery of the disc. Division of the data area into
zones ensures that the optical pickup can move at a
constant velocity while performing access within a

single zone. By doing so, the recording density of

25 DVD-RAM is raised, and rotation control during recording
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34 and reproduction is nmade easier. Fig. 3B shows a horizontal
arrangenent of the lead-in area, the | ead-out area, and the zones 0-23 that
are shown i nwbiogz473A 5 The | ead-in area and | ead-out area each

i ncl ude a defect managenent area (DMA: Defect Managenent Ar 8&VAPSHE3def ect
management area records position information showi ng the positions of
sectors found to include defects and repl acenent position information
showi ng 10 whet her the sectors used for replacing defective sectors are

| ocated in any of the replacenment areas. Each zone has a user area, in
addition to a réﬁﬂ c%%%‘?f{dua‘?fe’aoranbﬁ amdeusasiiearea that are provided at the

boundary with the nexg.zonﬁ Ahuser area is an area 15 that the file
systemcan use as a r égrd'ﬁgs P¥s. a hpaizepitadementargezerits afsathd 0

repl ace defecti w 2t ors when .such defective sectors are found. The unused
area is an area %hagfciltns af]roe[a,us ?]cﬁacf‘e‘l‘b? AFRRdaard Unéyzomest Da2Bsthae

used as the unuggd aj i t h..such, unused 20 area being provided to
prevent m staken ider}fo?vfnl \(I:Ma iq?olrg'of Aector addresses. The reason for this is

that while sector addegss Le. r rded .at a same position in adjacent
tracks within the sane zoﬁ%?&fg? gggfvaPﬂeiﬁégﬁPHFnQrﬁés?ﬁpbnén@ﬂugecwor

2gﬁ;§§ses are ddbE%hthm%ﬁgeméﬂ¥'é¥£§“¥ﬁﬂA}rﬁg%gzéﬂMggggéﬁgg¥?££§§)Petmeen
This defect management area records position information
showing the positions of sectors found to include
defects and replacement position information showing
10 whether the sectors used for replacing defective sectors
are located 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

15 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. Only
two tracks are useq as the unused area, with such unused

20 area being provided to prevent mistaken identification
of sector addresses. The reason for this is that while
sector addresses are recorded at a same position in
adjacent tracks within the same zone, for Z-CLV the
recording positions of Sector addresses are different

25 for adjacent tracks at the boundaries between zones.
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35 In this way, sectors which are not used for data recording exist at
t he boundari es between zones. On a DVD-RAM | ogical sector nunbers (LSN
Logi cal Sector Nunmber) are assigned to physical sectors of the SEr 5
area in oygesnesmarting fromthe inner periphery to conse‘?ﬁﬁ’W%@ %how onl y
the sectors used for recording data. As shown in Fig. 3C, the area that
records user data and is conposed of sectors that have been assigned an LSN
is called the volunme area. 10 The volune area is used for recording
AV files that are each conmposed of a plurality of VOBs and an RTRW

(Real Ti e ReWi t abkg) +ARBagayenNEebtbest atchs atrke notnagededori AdRdAMat i on
for the AV files. These AV files and RTRW managenent file are in fact
recorded in a.dddiikly esyst et agvorishurgldn e SAeBEER32GNe} t HOUgh this

w [l not be explained in the present enbodinment. The file systemis dealt
with in detaipvp+raMe 1dyichEnbectoremurlizeosy. (129N: T(aqgwaba%/%lcﬁé’&orded in
the Volune Area Fig. 4A shows the content of the data recorded in the

vol une area aiumb&VD- Red aThiegnedeto sphrshrahdseatPss sPf BT sH8%h on the
fifth level of Fig. 4A are divided into units, of around Z3ry £KB . as shown
on the fourthatexein omier uskastbhgafrem Bge inner periphery 1o |

consecutively show only the sectors used for recording

data. As shown in Fig. 3C, the area that records user
data and is composed of sectors that have been assigned
an LSN is called the volume area.

10 The volume area is used for recording AV files that
are each composed of a plurality of VOBs and an RTRW
(RealTime ReWritable) management file that is the
managemeht information for the AV files. Thesé AV files
and RTRW management file are in fact recorded in a file

15 system according to ISO/IEC 13346, although this will
not be explained in the present embodiment. The file
system is dealt with in detail in the third embodiment

below.

20 {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 video stream and audio stream shown on the
fifth level of Fig. 4A are divided into units of around

25 2KB, as shown on the fourth level. The units obtained
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through this division are interleaved into VOB#1 and VOB#2 in the AV file
shown on the third I evel as video packs and audi o packs in conpliance with

MPEG standaﬁgoggnﬁsﬁw'file is split into a plurality of extents as 5
shown on the sécond | evel, in conpliance with | SO | EC 13346PCHIPS{0ME3 e

extents each being stored in an enpty area within.one zone in the vol une
area, as shown on the first level of Fig. 4A Infaormation for VOB#1~VOB#3
is recorded in an RTRW 10 managenment file as the VOB#1 information, VOB#2
i nformati on, and VOB#3 informati on shown on the fifth level. In the sanme
way as an AV fi [t@raughs tiryvdivision dse dottérieaved! 1ebi v¥pel gxhents
that are recorded _in enpty areas in the volune area. 15 The

fol I owi ng expl a8 % Wi (fheiddl fiiken shaleo o rigessthpedli Devél eagsyviang VOBs
separately, having.first explained the hierarchical structure of MPEG
standard and DV SNch BHH Rk dint reonhk atet e i thi MPEGSs Dandhese

el ements. 20 i.g.. 4B shows the hierarchical structure of the data
definitions use&rr\fné\é}r: %ﬂ@(&lsst SRfertd intie alalumkiky we dxteMPEGst andar d
e erentary i1 AR FAUE SR Y 23N Comiiaies Sianetsossee
defines the dat3s3ylUCLNE t$lbse extents each being stored in an empty
area within one zone in the volume area, as shown on the
first level of Fig. 4A.
Information for VOB#1~VOB#3 is recorded in an RTRW
10 management file as the VOB#1 information, VOB#2
information, and VOB#3 information shown on the fifth
level. In the same way as an AV file,-this RTRW file is
divided into a plurality of extents that are recorded in
empty areas in the volume area.
15 The following explanation will deal with video
streams, audio streams, and VOBs separately, having
first explained the hierarchical structure of MPEG
standard and DVD-RAM sfandard which define the data
Structures of these elements.
20 Fig. 4B shows the hierarchical structure of the
data definitions used under MPEG standard. The data
Structure for MPEG standard is composed of an elementary
stream layer and a System layer.
The elementary stream layer shown in Fig. 4B

25 includes a video layer that defines the data structure
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of video streans, an MPEG Audi o | ayer that defines the data structure of an
MPEG Audi 0 stream an AC3 | ayer that defines the data structure of an audio
stream under Dol by- AC3 net hods, and a Linear-PCM | ayer that defines 5 t he
data strugigmasmt an audi o stream under Linear- PCM net hoRSTAPA§A4173
presentation start tinme (PresentationStartTine) and presentation end tine
(Presentation End Tine) are defined within the elenentary stream | ayer,
t hough, as shown by the 10 separate boxes used for the video |ayer,
MPEG Audi o | ayer, AC-3 l|layer, and Linear-PCM | ayer, the data structures of
the video strgamandol ig AUl S FREGUARIRIQATRERNR! doTdined hitie The

ar

presentation s time and presentation end tinme of a video franme and the
15  present alj:gl $k3lctiirl® NP MeseREdieN stida, MarnACH laydn frane
are simlarly not synchronized. The system|ayer shown in Fig. 4B defines
the packs, pagi@ks dePifeand Rl Jathats tafirtiasc e latdin dtre@Em untBr t he
system |l ayer is shown in a separate box 20 to the video | ayer and audio
| ayer, show ngdimat-Ad3e meatiris ,patitetss LiDEA raRCMP IS vere tihate siefdaitS of t he
data structures of the video streanms and audi o streans. Wi le the above

| ayer strasict uthed slatsedturctMREG oft @dautiiowsean smderaddnesy RidS t he

system | ayer 25 under MPEG standard shown in Fig. 4B and an el ementary 38
methods. The presentation start time

(Presentation_Start_Time) and presentation end time
(Presentation End Time) are defined within the
elementary stream layer, though, as shown by the
10 separate boxes used for the video layer, MPEG-Audio
layer, AC-3 layer, and Linear-PCM layer, the data
structures of the video stream and the audio stream are
independent of each other. The presentation sfart time
and presentation end time of a video frame and the
15 presentation start time and presentation end time of an
audio frame are similarly not synchronized.
The system layer shown in Fig. 4B defines the
packs, packets, DTS and PTS that are described later.
In Fig. 4B, the system layer is shown in a separate box
20 to the video layer and audio layer, showing that the
packs, packets, DTS and PTS are independent of the data
structures of the video streams and audio streams.
While the above layer structure is used for MPEG
standard, DVD-RAM standard includes the system layer

25 under MPEG standard shown in Fig. 4B and an elementary
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streamlayer. In addition to the paéké, paékets, DTS, and PTS descri bed
above, DVD standard defines the data structures of the VOBs shown in Fig.

4A. 5 (1aé-$P‘¥%peo Stream The video stream shown in Fig. 5A has a data
structure t ha? P& ¥efined by the video | ayer shown in Fig. BEIBR&om7¥i deo
streamis conposed of an arrangenent of a plurality of sets of picture data
that 10 each correspond to one franme of video inages. This picture data
is a video signal according to NTSC (National Tel evision Standards

Comm ttee) or PAL (Phase- Alternation Line) standard that has been

conpr essed usi nSWFED tlayen quetn S@dist 0dnPEStEhe HatRs rﬁgsggqspy +3
conpressing a video signal under NTSC standard are displayed by vigeo'
frames that haveARd fREmdesnmihed abowe ouDWD 38086R6afd/ dQr9Rescenndg kg be
precise), while sets of picture data produced by conpressing a video signal

under PAL st andat'dF3ftiss miayidie BYORS dslwown ahmsF2§. 4athat have a frane
i nterval of 40nsec. The top level of Fig. 5A shows exanples of video
frames. In Fig. 5A, the sections indicated between the "<" and ">" synbol s

are each a yideo frame, wih the "<" synbol showi ng the presentation start
tine_(Presentatthéggﬁr%¥#%¥LﬁgFgﬁgn each video franme and the ">" synbol
show ng the 39 The video stream shown in Fig. 5A has a data
structure that is defined by the video layer shown in
Fig. 4B. FEach video stream is composed of an
arrangement of a plurality of sets of picture data that
10 each correspond to one frame of video images. This
picture data is a video signal according to NTSC
(National Television Standards Committee) or PAL (Phase-
Alternation Line) standard that has been compressed
using MPEG techniques. Sets of picture data produced by
15 compressing a video signal under NTSC standard are
displayed by video frames that have a frame interval of
around 33msec (1/29.97 seconds to be precise), while
sets of pictgre data produced by compressing a video
signal under PAL standard are displayed by video frames
20 that have a frame interval of 40msec. The top level of
Fig. 5A shows examples of video frames. 1In Fig. 5a, the
sections indicated between the "<v and ">" symbols are
€ach a video frame, with the "<" symbol showing the
presentation start time (Presentation_Start Time) for

25 each video frame and the ">" symbol showing the
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presentation end tinme (Presentation_End Tinme) for each video frame. This
notation for video franmes is also used in the follow ng draw ngs. The
sections which are encl osed by these synbols each include a plurality of 5
vi deo fi ekdssondszshown in Fig. 5A, the picture data that PSHEUBE4SR

di spl ayed for a video frane is inputted into a decoder before the
PresentationStartTinme of the video frane and nust be taken fromthe buffer
by the decoder 10 at the PresentationStartTime. When conpression is
performed in accordance with MPEG standards, the spatial frequency

charact eri st Qﬁée\y’bhlﬂh@ ibheehamgemel (PResbhaaRiandEhbe Thiies- felraeath
correl ation th 1mages that are displayed before or 15 after the one

frame are use¢jdeBy réaimey SChigagbtaetonl fpirctideodftrames denwdised into
one of a Bidirectionally Predicative (B) Picture, a Predicative (P)
Picture, or apskdtia the BodtlowengAdBapiicgsr.e Theusegdtilosse whd@hr 5§ on is
performed using the tine-related 20 correlation with images that_are
reproduced boehciebede bandhaisee synibolsr eacht ingdgee A Pﬁﬂﬁﬁﬁkn¥iQ§ used
where conpression is performed using the tinme-related correlation with

i mages tat awvddeeprfddldesd before the present image. An | picture’is used

wher e conpressi on 25 is perfornmed using the spatial freguenc
charactepPstics 40 As showg in Fig. 5A, e picture data ghag ghould

be displayed for a video frame is inputted into a
decoder before the Presentation_Start_Time of the video
frame and must be taken from the buffer by the decoder

10 at the Presentation_ Start_Time.

When compression is performed in accordance with

MPEG standards, the spatial frequency characteristics
within the image of one frame and the time-related
correlation with images that are displayed before or

15 after the one frame are used. By doing so, each set of
picture data is converted into one of a Bidirectionally
Predicative (B) Picture, a Predicative (P) Picture, or
an Intra (I) Picture. A B picture is used where
compression is performed using the time-related

20 correlation with images that are reproduced both before
and after the present image. A P picture is used where
compression is performed using the time-related
correlation with images that are reproduced before the
present image. An I picture is used where compression

25 is performed using the spatial frequency characteristics
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within one frame without using tine-related correlation with other inages.
Fig. 5A shows B pictures, P pictures, and | pictures as all having the sane
si ze, al thoughobéngsoul d be noted that there is in fact great 5 variation
in their sizes. Wien decoding a B picture or a P picture thabClHE8PHAS
time-related correlation between frames, it is necessary to refer to the

I mges that are to be reproduced before or after the picture being decoded.
10 For exanpl e, when decoding a B picture, the decoder has to wait until

t he decodi ng of %p& ﬁollomdﬁg:inage_has been conpleted. As a result, an

MPEG vi deo st r ean d&HThedd T He- e rupine atcimet e Laeed ncagdde L bRk O

defining the 15 4 'gﬂ#ﬁxrorder of the pictures. In Fig. 5A the second
and third | evel s respectivelYaEffn t HelSet3A othowe tRirpicturesy ranged in

di spl ay order anghji-} I n r.. Iln Fig. 5A _the reference target of one
of the B pict ureg> i s‘fg%?m%ﬁl? gﬁé’lﬁ‘&i&’rﬁgla}%eﬂ% having the | owmegsge, |
pi cture. IntheaQitwl@y] qQrdes, is | pictyre follows the B picture,

t hough since the B pict ureti ;%rh(?(l)}r%@r gbseséﬁ)tl?scrr%‘acq 19 %8 akedinofaet ayreat

with the | @ ctukaribhe oeqedi-ig ; i B picture has to wait for the
decoding of the | picture to be é%iplgggﬁ. As a result, the 25 codi ng

order defines that tfKWﬂeﬁ"dééﬁ&iﬁ@nESBbﬁigfﬁréh8r4% P picture that use
the time-related correlation between frames, it is
necessary te refer to the images that are to be
reproduced before or after the pPicture being decoded.

10 For example, when decoding a B picture, the decoder has
to wait until the decoding of the following image has
been completed.

As a result) an MPEG video stream defines the
coding order of each picture in addition to defining the

15 display order of the Pictures. 1In Fig. 5A, the second
and third levels respectively show the sets of picture
data arranged in display order and in coding order.

In Fig. 5A, the reference target of one of the B
pictures is shown by the broken line to be the following
.20 I picture. 1In the display order, this I picture follows
the B picture, though since the B picture is compressed
using time-related correlation with the I picture, the
decoding of the B Picture has to wait for the decoding
of the I picture to be completed. As a result, the

25 coding order defines that the I picture comes before the
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B picture. This rearranging of the display order of pictures when
generating the coding order is called "reordering”. As shown on the third
| evel of Fig. 5A, each set of 5 picture data is divided into 2KB units
after beiypgosfssgnged into the coding order. The resulti ﬁ&TQRE?"UHPts are
stored as a video pack sequence, as shown on the bottom|evel of Fig. 5A
When a sequence of B pictures and P pictures is 10 used, problens can be
caused, such as by special reproduction features that perform decodi ng
starting mdway through the video stream To prevent such problens, an |

picture is i rﬁﬁl{gg\#gto fﬁfs video- dal fndtof B%e i dispVay soxrdachofequence of

pi cture data arting froman | picture and continuing as far as the

next | piCthﬁﬁééuf@élﬁﬁ%ﬁ' 2 65F OMP She Pe6aiMESOrdert hs GR1edi ng defi ned
E

in the syste ayer of standard as the unit for MPEG conpression. On
the third | eveloQfa&tgng®A the dotted vertical line shows the boundary 20

bet ween the present GOP and the following GOP. |In each GOP, the picture
Lype of the pictur e giawah fcheartamged dvasli o Riigs BPoplaaFbrifh 95 a p
picture, while the picture type of the picture data that is arranged first
in the cedi ngpoediarenistabesadivigedt into 2BB4pnits after being -
arranged into the coding order. The resulting 2KB units
are stored as a video pack sequence, as shown on the
bottom level of Fig. 5A.
When a sequence of B pictures and P pictures is
10 used, problems can be caused, such as by special
reproduction features that perform decoding starting
midway through the video stream. To prevent such
problems; an I picture is inserted into the video data -
at 0.5s intervals. Each sequence of picture data-
15 starting from an I picture and continuing as far as the
next I picture is called a GOP (Group Of Pictures), with
GOPs being defined in the system layer of MPEG standard
as the unit for MPEG compression. On the third level of
Fig. 5A, the dotted vertical line shows the boundary
20 between the present GOP and the following GOP. 1In each
GOP, the picture type of the picture data that is
arranged last in the display order is a P picture, while
the picture type of the picture data that is arranged

first in the coding order must be an I picture.

25
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(1-2-2) Audio.Stream The audio streamis data that has been conpressed
according to one of Dol by-AC3 net hod, MPEG net hod, and Linear-PCM Like a

vi deo streagw 8h4didi 0 streamis 5 generated using audi o franes that
have a fixe ?rane interval. Fig. 5B shows the correspondenRE B2 pHeh t he
audio frames and audio data. In detail, the reproduction period of an audio

frame is 32nsec for Dol by-AC3, 24nsec for MPEG and around 1.67nsec 10
(1/600sec to be precise) for Linear-PCM The top |evel of Fig. 5B shows
exanpl e audio frangs, In Fig. 5B, each section indicated between the "<"
and ">" synbol s/+543 ith the "<" synbol show ng the
presentation start tine and the ">" 15 synbol show ng the presentation
end tinme. This notati¥h AW Qisfeream aimlata athsat Usesl baeh heofprs s48ead

drawi ngs. The aggio gata éhat shoul d be displayed for an audio frane is
inputted into a° decbdePIpkPoPRet RE PPeb¥nAESi mathvd:; t MPEGE mafthidds aundi O

frame and shoul 4, 8 ouf.,of 20 .  the buffer by the decoder at the
present ation stg}ﬁg?%ﬁ%eﬂTheng?tGnVFQ?@l5§Feﬁmg.aaBaQHQWSSameamaﬁmle of

S e S Aol SER YGESe' BeiED, LhaTneda e o sShmret 51
f82 is stored ifnewe 43 Fig. 5B shows the correspondence between the
-audio frames and audio data. In detail, the
reproduction period of an audio frame is 32msec for
Dolby-AC3, 24msec for MPEG, and around 1.67msec
10 (1/600sec to be precise) for Linear-PCM.
The top level of Fig. 5B shows example audio
frames. 1In Fig. 5B, each section indicated between the
"<" and ">" .symbols is an audio frame, With the "<
symbol showing the presentation start time and the ">"
15 symbol showing the presentation end time. This notation
for video frames is also used in the following drawings.
The audio data that should be displayed for an audio
frame is inputted into a decoder before the presentation
start time of the audio frame and should be taken out of
20 the buffer by the decoder at the presentation start
time.
The bottom level of Fig. 5B shows an example of how
the audio data to be reproduced in each frame is stored
in audio packs. 1In this figure, the audio data to be

25 reproduced for audio frames £81, £82 is stored in audio
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pack A71, the audio data to be reproduced for audio frame f84 is stored in
audi o pack ‘A72, and the audio data to be reproduced for audio franes f86,
f87 is stored in audio pack A73. The audio data to be 5 repr oduced for
audi o fraeobB7srs di vi ded between the audi o pack A71 t hRCTEEHRMIT| (st and
t he audi o pack A72 which cones later. In the same way, the audio data to be
reproduced for audio frane f86 is divided between the audi o pack A72 that
conmes first and the audio pack A73 10 which cones later. The reason the
audi o data to be reproduced for one audio frane is stored divided between
two audi o packpatk Ahai the bodidatiea het heemepudidockdades amdiwi deo
frames do not match the boundaries between packs. The reason that such
boundari es do feamé5f84nmaschtbretihan thdidapackt Alet upsdothga@kstionder MPEG
standard is i ndependent of the data structure of video streans and audio
streans. 1-2- 3dBatat6t bectepsodficedBfozoaudio framgs ¥86s E¥7ddé vj ects)
#1, #2, #3 ... shown in Fig. 4A are program streans under |SQ | EC 13818-1
that are obt ai stareg #DIﬁpgﬂ@xpﬁgkaASﬁdeoT§ﬁrééﬁ#9n§a§édF8 S eam al t hough
these VOBs do not have a program_end_code at the end. %F Qﬁ g. 6A
shows t he et aFPREORLELSr ERY PYAIPhETAe £83 is divided between the

audio pack A71 that comes first and the audio pack A72
which comes later. 1In the same way, the audio data to
be reproduced for audio frame f86 is divided between the
audio pack A72 that comes first and the audio pack A73
10 which comes later. The reason the audio data to be
reproduced for one audio frame is stored divided between
two audio packs is that the boundaries between audio
frames and video frames do not match the boundaries
between packs. The reason that such boundaries do not
15 match is that the data structure of packs under MPEG
standard is independent of the data structure of video

streams and audio streams.

1-2-3 D u £V

20 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, although these VOBs do not have a
program_end_code at the end.

25 Fig. 6A shows the detailed hierarchy for the
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| ogi cal construction of VOBs. This means that the logical format |ocated on

the highest level of Fig. 6Ais shown in nore detail in the |lower |evels.
The vi deo st Sgg)tl},,g;\t is located on the highest 5 |l evel in Fig. 6Ais
shown divided into a plurality of GOPs on the second | evel , PGFIPP8{0RE3e GOPs

havi ng been shown in Fig. 5A. As in Fig. 5A the picture data in GOP units
Is divided into a | arge nunber of 2KB units. On the other hand, the audio
stream shown on the left of 10 t he highest level in Fig. 6A is divided
into a | arge nunber, of approximately 2KB units on the third level in the
same way as in RP§icss. cpmstaustion ¢t ¥ORw. a THIR uddnd hgiat St vi ded
into 2KB units Es .nterl eaved with the audio streamthat is simlarly

di vided into 15 °gl§6§r dormate Lpcaked pnt $he Michestodises] tde gk 6A
sequence on the.,fourth level of Fig. 6A This pack sequence forns a
plurality of voéﬁssi’ﬂ‘“&e&“oﬁﬁoéﬁ 2id) imhdheardowgwowewslshe fifth | evel ,

with the VOB (Video 'eq&% show@ron the sixth | evel being conposed of a 20
plurality of these V IR R SR L B3 Frel S ek peated| anFEhe BAgheke

gui del i nes gdr awpoygh NG 40 en Lines showthe relations between the data in
the data structu?e%ho%nagﬁ cef? ﬁ?v@%?WntlW&HSQW%ﬂ}Q(ﬁtH%?Eﬁﬁkkﬂi%@s in

o0 pack SEaSoRLtEn PR SpEIRA SRR hi e B g UL

shown in Fig. 5A. As in Fig. 5A, the picture data in
GOP units is divided into a large number of 2KB units.
On the other hand, the audio stream shown on the left of

10 the highest level in Fig. 6A is divided into a large
number of approximately 2KB units on the third level in
the same way as in Fig. 5B. The pictute data for a GOP
unit that is divided into 2KB units is interleaved with
the audio stream that is similarly divided into

15 approximately 2KB units. This produces the pack
sequence on the fourth level of Fig. 6A. This pack
sequence forms a plurality of VOBUs (Video Object Units)
that are shown on the fifth level, with the VOB (Video
Object) shown on the sixth level being composed of a

20 plurality of these VOBUs arranged in a time series. 1In
Fig. 6A, the guidelines drawn using broken lines show
the relations between the data in the data structures on
adjacent levels. By referring to the guidelines in Fig.

©A, it can be seen that the VOBUs on the fifth level

25 correspond to the pack Ssequence on the fourth level and
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the picture data in GOP units shown on the second | evel. As can be seen by
tracing the guidelines, each VOBU is a unit that includes at |east one GOP
conposed of picture data with a reproduction period of around 0.4 to 5

1.0 seconavaswdsamadi o data that has been interleaved w t hPERIESHBure dat a.
At the sane time, each VOBU is conposed of an arrangenent of video packs
and audi o packs under MPEG standard. The unit called a GOP under MPEG
standard is defined by the system|ayer, although 10 when only video data
is specified by a GOP, as shown on the second |evel of Fig. 6A, the audio

data and ot heghdatd cttideh datas 4 ort wnd téatshowd op0Rieolsedaing) tevadl i s
mul tiplexed with the video data is not indicated by the GOP. Under DVD RAM

standard, the expressi©in "éBsEen SbStravsng the quikdelinésa; eache¥PBUds to
a GOP, with this unit being a general nanme for at |east one GOP conposed of
pi cture data Wist la anieprodictinal ydes at dfeamtowme GOP compadeskedhd and t he
audi o data that has been interleaved with this picture data. 20

Here, it is ppdisithire Hertaparith &f reproRiuatien dgeniosd ofvameunte hihitfim
unit being one VOBU."~ As one exanple, the video streamrecqorded on a

DVD- RAM & a VGR meranshimch ausdgediats thatohas defn dnfietledvisst Widit ed by
the user. The VOBUs in this VOB include at |east one 2 %ﬁf.that conposes
the commer ci althdmd PAGRUreIdeta-hadti s same time, each VOBU 1s

composed of an arrangement of video packs and audio
packs under MPEG standard. The unit called a GOP under
MPEG standard is defined by the system layer, although

10 when only video data is specified by a GOP, as shown on
the second level of Fig. 6A, the audio data and other
data (such as sub-picture data and control data} that is
multiplexed with the video data is not indicated by the
GOP. Under DVD-RAM standard, the expression "VOBU" is

15 used for a unit that corresponds to a GOP, with this
unit being a general name for at least one GOP composed
of picture data with a reproduction period of around 0.4
to 1.0 second and the audio data that has been
interleaved with this picture data.

20 Here, it is possible for parts of a VOB to be
deleted, with the minimum unit being one VOBU. As one
example, the video stream recorded on a DVD-RAM as a VOB
may contain images for a commercial that are not wanted
by the user. The VOBUs in this VOB include at least one

25 GOP that cbmposes the commercial and audio data that is
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interleaved with this picture data, so that if only the VOBUs in the VOB
that correspond to the commercial can be deleted, the user will then be

able to watc 0%9@" | deo stream wi thout having to watch the conmercial. -5
Here, even i %@U is deleted, for exanple, the VOBUs ORCE®ARI®4173i de of

the deleted VOBU will include a part of the video streamin GOP units that
each have an | picture located at their front. This means that a nornal

decode and reproduction process are possible, 10 even after the deletion
of the VOBU. Fig. 6B shows an exanple where part of a VOB is deleted. This

VOB original |y ihetedbsaw@BUiith VEBUE2pi ¥ERLESY U n
the del etion of VOBU#2, VOBU#4 and VOBU#E | S iﬁglgc'?at édfchtaﬁe\'(g? elgglé'yt \hég’t% 15

were originally YeRUpi ba blye t VieB et NEBUso2teshHb880+BNEhE0 cRhfieH enpty
areas on the second_ | evel of Fig. 6B. \Wen t%e VOB i s reﬁrggﬁc§§WQ Zar

thereafter, the Pepi®trieedonthe deser swiIBUAen VEBUEB] e VEBULA £ cANG HYOBUH 7.
The video packs and audi o packs included in a VOBU 20 each have data

length of 2KB. YHIRC 2KEFe3m ovifplrewbshaviingetbowaschethé aokMBrBANL SO t hat

each vi deo Qacklgnd audi o Rgﬁk Is recorded in a separate sector. The
arrangement ~of Videy parks HhPRRIdTeBPatksdeteteds e§pondgamplehethe

arrangenent of AEial WINEL ol 88 o GR0SSSYLLVE oAy sectors, and
part of the video stream in GOP units that each have an
I picture located at their front. This means that a
normal decode and reproduction process are possible,
10 even after the deletion of the VOBU.

Fig. 6B shows an example where part of a VOB is
deleted. This VOB originally includes VOBU#1, VOBU#2,
VOBU#3, VOBU#4 .... VOBU#7. When the deletion of
'VOBU#2, VOBU#4, and VOBU#6 is indicated, the areas that

15 were originally occupied by these VOBUs are freed and so
are shown as empty areas on the second level of Fig. 6B.
When the VOB is reproduced thereafter, the reproduction
order is VOBU#1, VOBU#3, VOBU#5, and VOBU#7.

The video packs and audio packs included in a VOBU

20 each have data length of 2KB. This 2KB size matches the
sector size of a DVD-RAM, so that each video pack and
audio pack is recorded in a Separate sector.

The arrangement of video packs and audio packs is
corresponds to the arrangement of an equal number of

25 consecutive logical sectors, and the data held within
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t hese packs is read fromthe DV/D-RAM This is to say, the arrangenent of

vi deo packs and audi o packs refers to the order in which these packs are
read fromthe DVD- RAM Since each video pack is approximately 2KB in 5
size, if tomdesa size of the video streamfor one VOBU ??’%"e"é’g‘}%"f hundr ed
KB, for exanple, the video streamw || be stored having been divided into
several hundred video packs. 10 (1-2-3-1) Data Structure of Video Packs
and Audi o Packs Figs. 6C to 6E show the | ogical format of the video packs
and audi o packs stored in a VOBU. Normally, a plurality of packets are

inserted int od%gge p%%f%é n; 2N MEG sye tea Shysamam 2l theLghi singer s&YP- RAM

standard, the er of packets that nay be inserted into one pack is

restricted to.earFifgeént Onsvideo | patrel an@ramdiofpacks deefenskto
arranged at the start of a VOBU. As shown in Fig. 6C, the first video pack

in a VOBU i s geamesesh oin avlipbek tisaserpacksystenrdaddéromatipacRébP-header,
and 20 video data that is part of the video stream Fig. 6D shows the
| ogi cal fornmmamw t$enyeédeachackded hpackioiscappoopinatelyi AKBh&DVOBU. As
shown in Fig. 6D, these video packs are each conposed of a pack header, a
packet headersizad ufdebeddsba sité ob thetvhies stheameforsgne VOBU

is several hundred KB, for example, the video stream

will be stored having been divided into several hundred

video packs.

10 (1-2-3-1) Data Structure of Video Packs and Audio Packs
Figs. 6C to 6E show the logical format of the video
packs and audio packs stored in a VOBU. Normally, a
plurality of packets are insérted into one pack in an
MPEG system stream, although under DVD-RAM standard, the
15 number of packets that may be inserted into one pack is
restricted to one. Fig. 6C shows the logical format of
a video pack arranged at the start of a VOBU. As shown
in Fig. 6C, the first video pack in a VOBU is composed
of a pack header, a system header, a packet header, and
20 video data that is part of the video stream.
Fig. 6D shows the logical format of the video packs
that do not come first in the VOBU. As shown in Fig.
6D, these video packs are each composed of a pack
header, a packet header, and video data, with no system

25 header.

48

i




Fig. 6E shows the logical format of the audi o packs. As shown in Fig. 6E,
each audi o pack is conposed of a pack header, a packet header, a substream
i d show ng he conpression nethod used for the 5 ' tream

i ncl uded inwgﬁgQ%&géent pack is Linear-PCM or Dol by-AC3, anggghﬁpﬁ4g§ta
that is part of the audio stream and has been conpressed according to the

I ndi cat ed net hod. 10 (1-2-3-2-1) Buffer Control within a VOB The video
stream and audi o stream are stored in video packs and audi o packs as

descri bed above. However, in order to seam essly reproduce VOBs, it is not
sufficient to store tB&9vi §BoShPWEafhgndogigiad Tormast ofarhtien atdfep packs
and audi o packs, w.th it being necessary to suitably arrange of video packs
and audi o packs B3 Ksurfed tﬂ’&g"rbu]f’f Fi%on®¥ ol eafh| abdianPacks tapcemrosped

buffers referre her re input_buffers for tenporarjily storing the

vi deo stream ang% (r)\ae pf(fg( a}'éeiﬁf}%gsﬁ RAFRE headeput ai ﬁ‘k‘}é_ﬁtaﬁé@dég.
Hereinafter, th t rs..are referred to as the video buffer and
the audio buffefs, W ﬂ?svgle%ﬂﬁtlg %(%rﬁ)?r%%r%%?hﬁnstﬂ% oﬁgnuﬁgdtﬁ‘érvpa%o buf f er
4b and t he gudi f | n; Fi sninterrupted butfer control ers
to input 253?l c%r'#tario({ %ftoﬁﬂg{%%%%@ﬁ%&@%s%?%ge?ﬂa?aﬁée+?I Wﬁ?rﬁga"
underflow do noloOGSNbY-QCH LA 4l UL Snadi§ LSrt of the audio

stream and has been compressed according to the

indicated method.

10 {1-2-3-2-1) Buffer Control within a VOB

The video stream and audio stream are stored in

video packs and audio packs as described above.
However, in order to seamlessly reproduce VOBs, it is
-not sufficient to store the video stream and audio

15 stream in video packs and audio packs, with it being
necessary to suitably arrange of video packs and audio
packs to ensure that buffer control will be
uninterrupted. The buffers referred to here are input
buffers for temporarily storing the video stream and the

20 audio stream before input into a decoder. Hereinafter,
the separate buffers are referred to as the video buffer
and the audio buffer, with specific examples being shown
in as the video buffer 4b and the audio buffer 4d in
Fig. 19. Uninterrupted buffer control refers to input

25 control for the buffer that ensures that overflow or
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described in nore detail later, but is fundamentally achi eved by assigni ng
time stanps (show ng the correct tines for the input, output, and display
of data) that 5 are standardi zed for an MPEG streamto the pack header
and packewdwadsr shown in Fig. 6D and Fig. 6E. If no unBEFAPSRAITS,
overflows occur for the video buffer and audio buffer, no interruptions
w Il occur in the reproduction of the video streans and audi o streans. As
10 will be clear fromthis specification, it is very inportant that
buffer control is uninterrupted. There is a time |imtation whereby each

set of audio dpéarpesedsdbr apsf ecead Eert 8etAddi onputf Burged.derhdediby the
presentation start tinme of the audio 15 frame to be reproduced by such

data, but sindeseuflbedsinemoreadetantoliatdeysi bgtf ixeduhdagehtaddydi ng with
a relatively small amount of data, the data that is required for the

repr oducti on athtevedabgi assSigmingatiibe stampd i(shawdihg pheksorTBEete audio
packs are 20 transferred to the audi o buffer during reproduction, neaning
that the tinethinest forohhdesoplibedoubput, candbdigndplyofafaged. thr§. 7A is
a figure showing the ideal buffer operation for the audio buffer. This
figure shows Abw standapdipadf EproaruMBECySthaaBetof SheaPdckubRegest audi o

50 frames. In this specification, the term"buffer
and packet header shown in Fig. 6D and Fig. 6E. If no

underflows or overflows occur for the video buffer and
audio buffer, no interruptions will occur in the
reproduction of the video streams and audio streams. As
10 will be clear from this specification, it is very
important thaf buffer control is uninterrupted.

There is a time limitation whereby each set of
audio data needs transferred to the audio buffer and
decoded by the presentation start time of the audio

15 frame to be reproduced by such data, but since audio
streams are encoded using fixed-length encoding with a
relatively small amount of data, the data that is
required for the reproduction of each audio frame can be
stored in audio packs. These audio packs are

20 transferred to the audio buffer during reproduction,
meaning that the time limitation described above can be
easily managed.

Fig. 7A is a figure showing the ideal buffer
operation for the audio buffer. This figure shows how

25 the buffer occupancy changes for a sequence of audio
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occupancy" refers to the extent to which the capacity of a buffer is being
used to store data. The vertical axis of Fig. 7A shows the occupancy of the

audi o buf f erwomengrsphi | € the horizontal axis represents tine. This tine
axis is split into 32nsec sections, which matches the repro&GEUPWP43ri od
of each audio franme in the Dol by-AC3 nethod. By referring to this graph, it
can be seen that the occupancy of the buffer changes over tine to 10
exhibits a samooth pattern. The hei ght of each triangular tooth that
conposes the sawtgoth pattern represents the anmount of data in the part of
the audi o streanttd"BR- r epRoblitdsPacéfihatidng thaneerd5"buffer The

gr adi ent of eacrbé#%ﬁggular tgoth represents the transfer rate of the audio
stream This trans e TSTeHR Santheoexbentandi shichmehe Bupardtihes

period correspongi o] rjangul ar tooth, audio data is accumul ated
with a constant 26a9f£€¥an%féﬁl?%I%sﬁﬁrFﬂgstﬁéeddepaay Phei vdrti2agea)ief

t he audi o frame g | t di,o frane that is reproduced by this audio
o PR

data. At the presentation O¢REPPREY e@f nghauaudiér buEferhis tine

representing thesriecodend igg.{ resent frame), the audio data for the
25 present frame is | nst ant yn%gt]fp%ﬁ%dr??%ﬁ%% aktm®- 51Thisbtfifier. The

reason a sawt ootdxipatiLrapl i Al eVeshd S, sections, which matches the

reproduction period of each audio frame in the Dolby-AC3
method. By referring to this graph, it can be seen that
the occupancy of the buffer changes over time to

10 exhibits a sawtooth pattern.

The height of each triangular tooth that composes
the sawtooth pattern represents the amount of data in

the part of the audio stfeam to be reproduced in each

audio frame.

15 i
The gradient of each triangular tooth represents

the transfer rate of the audio stream. This transfer

rate is the same for aljl audio frames.
During the period corresponding to one triangular

tooth, audio data is accumulated with a constant
20 transfer rate during the display period (32msec) of the
audio frame preceding the audio frame that is reproduced
by this audio data. at the presentation end time of the
preceding audio frame (this time representing the decode
time for the present frame), the audio data for the

25 Present frame is instantly outputted from the audio

51



that the processing fromthe storage in the buffer to output fromthe
buffer is continually. repeated. As one exanple, assune that transfer of an
audio 5 streamto the audio buffer begins at tinme T1. Thh; #qio dat a
shoul d bewospneduced at tine T2, so that anmpunt of data BE¢H é@ﬂ n"the audio
buffer will gradually increase between tine T1 to tinme T2 due to the
transfer of this audio data. However, because this transferred 10 audi o
data is output at the presentation end tinme of the precedi ng audi o frane,
the audio buffer will be cleared of audio data at that point, so that the

occupancy of fherapdi ophef feEshat Hr BawtBo®h bAtEegn 14, athéevedeigattern is
repeated between tinme T2 and tinme T3, between 15 time T3 and tine T4, and

so on. The buifge eRErprbeBsshayn firdmFiche EAoiragehdni dtbel bffear toperation
state for the prem se where the audio data to be reproduced in each audio
frame is storgdtpptofigonudhe packerl dsr eahitipuaidwevepeated.s norml for 20
audio data that will be reproduced in several different audio frames to be
stored in one audi mpante esampiban assElg. tES: Fransier SHHWRN ANDHR
realistic operation for the audio buffer. In this figure, audjq pack A3l
stores awli 0 datreadlto AR, amddoAXwifiercpegiad @tr &dFsctlilvel 3; be

decoded by the presentation end tines of audio frane %% f%&i f22, and
f23. As shownaudip gataBsheml@ tige reproduced at time , So that

amount of data stored in the audio buffer will gradually

jncrease between time Tl to time T2 due to the transfer

of this audio data. However, because this transferred
10 audio data is output at the presentation end time of the

preceding audio frame, the audio buffer will be cleared

of audio data at that point, so that the occupancy of

the audio buffer returns to 0. In Fig. 7A, the same

pattern is repeated between time T2 and time T3, between
15 time T3 and time T4, and so on.

The buffer operation shown in Fig. 7A is the ideal
buffer opefation state for the premise where the audio
data to be reproduced in each audio frame is stored in
one audio pack. In reality, however, it is normal for

20 audio data that will be reproduced in several different
audio frames to be stored in one audio pack, as shown in
Fig. 5B. Fig. 7B shows a more realistic operation for
the audio buffer. In this figure, audio pack A3l stores
audio data A21, A22, and A23 which should respectively

25 be decoded'by the presentation end times of audio frame
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decodi ng of audio data A21 will be conpleted at the presentation end tine
of audio franme f21, with the decodi.ng of the other sets of audio data f22

and f23 5 v!,:@;d}lg7g7espectivel y conpl eted by the presentation end tinmes of
the following audio frames f22 and f23. O the audi o franmePGTEPHYRT i n

this audi o pack, audio data A21 should be decoded first, with the decoding
of this audio data needing to be conpleted by the presentation end 10
time of audio frame f21. Accordingly, this audio.pack should be read from
t he DVD- RAM during the reproduction period of the &audio frame f21. Video
streams are encbétd §#2h @adi &BBe cAdeshewgt indweqt.o 7TH)e drargend f f erences
in code size bgameen,the 15 different types of pictures (I pictures, P
pictures, and BYpFREiR€sPfudedipndatapAsisiad lnbehedmplleatedise tHhee-
rel ated correlat%on. Video streans also include a significant anount of
data, so that i¥*FIHFEHeRI enfotEBADPEL audhe framef &21of wiltt et ure data
for a video 20 ' , gspecially the picture data for an | picture, by
t he presentatid%e%ééfﬁgn%gogh?h%t5¥E0§§Fﬁ9°§iégdiprdn@a F2g. ang if23a_graph
showi ng vi deo fgape, %p ﬁg. upancy. of the video buffer. In Fig. 7C the
vertical axis repreieﬁ? % lﬁ%@&paﬂ@ ‘PhedhBYvFheopseseatatien engs the
hori zontal axi st{kPseSENESet i Igis hori zgntal 53 axis is split into
33msac secti onet Tes GLE en%§%%o¥h g auglo grames £f22 and £23. Of the
audio frames included in this audio pack, audio data A2l
should be decoded first, with the decoding of this audio
data needing to be completed by the presentation end
10 time of audio frame f21. Accordingly, this audio pack
should be read from the DVD-RAM during the reproduction
period of the audio frame £21.
Video streams are encoded with variable.code length
due to the large differences in code size between the
15 different types of pictures (I pictures, P pictures, and
B pictures) used in compression methods that use time-
related correlation. Video streams also include a
significant amount of data, so that it is difficult to
complete the transfer of the picture data for a video
20 frame, especially the pPicture data for an I picture, by
the presentation end time of the preceding video frame.
Fig. 7C is a graph showing video frames and the
OCcupancy of the video buffer. 1In Fig. 7C, the wvertical

axis represents the occupancy in the video buffer, while

25 the horizontal axis represents time. This horizontal
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reproduction period of a video frame under NTSC standard. By referring to
this graph, it can be seen that the changes in the occupancy of the video
buffer 5 changes over tinme to exhibit a sawmooth pattern. The hei ght of
each tri arngobsir47s700t h t hat conposes the sawt oot h patt er n FEPFRULEs "t he
amount of data in the part of the video streamto be reproduced in each
video franme. As nentioned before, the anount of data in 10 each vi deo
frame is not equal, since the anount of code for each video frane is
dynam cal |y assigned according to the conplexity of the frame. The gradient

of each triangykarikogphighawsot Bemeansker ibakewhfichheachdwatsty &@ The
approxi mate 15 transfer rate of the video streamis cal cul ated by

subtracting t hepevtipgtibat peefiodhefaadivddedbr €xamer omdebre N&Cput rate of the
track buffer. This transfer rate is the sanme during each frame period.
During the pestaddaadr.espgndiedferirangn&ot thasggiraph20it cast ke §8y. 7C,
picture data is accunulated with a constant transfer rate in_durjng the

di spl ay peri otth@83thec chehgelse in dbe Pegwpapcycodi e Nd-Agoy oY t hat
I's reproduced by this picture data. At the present%%%on gpd time of the
precedi nd vi debanggse over $ime to ig¥Bibdlr 8s SR @AFEETHe tine for the

present 54 pletupe QRlfine'OF BAgh L1358 2" 508 PERSE EohbBEES' S
the sawtooth pattern represents the amount of data in
the part of the video stream to be reproduced in each
video frame. As mentioned before, the amount of data in

10 each video frame is not equal, since the amount of code
for each video frame is dynamically assigned according
to the complexity of the frame.

The gradient of each triangular tooth shows the
transfer rate of the video stream. The approximate

15 transfer rate of the video stream is calculated by
subtracting the output rate of the audio stream from the
output rate of the track buffer. This transfer rate is
the same during each frame period.

During the period corresponding to one triangular

20 tooth in Fig. 7C, picture data is accumulated with a
constant transfer rate in during the display period
(33msec) of the video frame preceding the video frame
that is reproduced by this picture data. At the
presentation end time of the preceding video frame (this

25 time representing the decode time for the present
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instantly outputted fromthe video buffer. The reason a sawtooth pattern is
achieved is that the processing fromthe storage in the video buffer to

out put fronk£gg/¥& eo 5 buffer is continually repeated. Wen the inage
to be displaye&’ln a given video frame is conplex, a |argerPGRERBO4133 code
needs to be assigned to this frame. Wien a | arger anmobunt of code is
assigned, this neans that the pre-storage of data in the 10 vi deo buffer
needs to be commenced well in advance. Normally, the period fromthe
transfer start tine, at which the transfer of picture data into the video
buffer is comeM*&EUED da3t@)deddte piceuferdabe poetthe Pebsens €akhedikhe
VBV (Video Buffer Verify) delay. In 15 general, the nore conplex the

i mage, the | ar geP 4R ERD ARt ke Grem Toeleviaeb tivef Fenger Thie r¥BYodehay .
As can be seen fgwplﬁéﬁié%% the transfer of the picture data that is

decoded at the precaift SR tisea g wed the phatethegovodessingméron

comenced at 20 td T11.. The transfer of picture data that is decoded
at the presentaﬁq§1%§§%%45n§nﬂL ?ﬁv¥$k9 BEERIF e VoLt r fnem thanwhidee,

is commenced at Wjem, Tk2 e transfer of the picture data for other video
franes can be seen tgré%<§grc§§§§} neRRRtedy, T15, T17, T19, 25 - .T20

and 2155 FO. ThhaoMRe Iablo08 B 81a3Th5ed 1B € YiS et A aeo

frame is complex, a larger amount of code needs to be

assigned to this frame. When a larger amount of code is
‘assigned, this means that the pre-storage of data in the
10 video buffer needs to be commenced well in advance.
Normally, the period from the transfer start time,
at which the transfer of picture data into the video
buffer is commenced, to the decode time for the picture
data is called the VBV (Video Buffer Verify) delay. 1In
15 general, the more complex the image, the larger the
amount of assigned code and the longer the VBV delay.
As can be seen from Fig. 7C, the transfer of the
Picture data that is decoded at the presentation end
time T16 of the preceding video frame is commenced at
20 time Tll. The transfer of pPicture data that is decoded
at the presentation end time T18 of the preceding video
frame, meanwhile, is commenced at time T12. The
transfer of the picture data for other video frames can

be seen to be commenced at times T14, T15, T17, T19,

25 T20, and T21.
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in nore detail. \When considering the situation in Fig. 7C, the transfer of
the picture data to be decoded at tinme T24 in Fig. 7D needs to be conpl eted
inthe 5 "Tf Period" between the start tinme T23 of the "VBV del ay" and
the start woowtwstransfer of the picture data for the nex@CHFRYFrane to
be reproduced. The increase in the occupancy of the buffer that occurs from
this TfPeriod onwards is caused by the transfer of the 10 pi cture data
for the image to be displayed in the next video frame. The picture data
accunul ated in the video buffer waits for the tinme T24 at which the picture

data is to be decodedg.Aypt BRoWSCeHe tirARsTe4, ofheeicsngE Aictur® dagecoded,
which clears part of the picture data stored in the video buffer, thereby
reduci ng the tiof alowe dytanicly. ofWHdre abroeimidnirice rthaVeituwarboreiR n§1g he
above situation, it can be seen that while it is sufficient for the

transfer of 207C, athb ccritsfdm b theprpikinee idata ceo the rdeceiedfdne to be
commenced around one franme in advance, the transfer of picture data for a

certain video fimenT2keds Fig bR orerds ctb viee | conepbeleed han deR®de time of

such picture data. In other words, the audio data_ which shouL€%$e.25
reproduced in WEeReriodhkreemiEhe hHARE Helia plif$ 2 sEhe o the audio

buffer at around the sane tine as picture ,
delay"” and the startF%f the transfer of the picture data

for the next video frame to be reproduced. The increase
in the occupancy of the buffer that occurs from this
Tf Period onwards is caused by the transfer of the

10 picture data for the image to be displayed in the next
video frame.

The picture data accumulated in the video buffer
waits for the time T24 at which the picture data is to
be decoded. At the decode time T24, the image A is

15 decoded, which clears part of the picture data stored in
the video buffer, thereby reducing the total occupancy
of the video buffer.

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

20 audio data to be reproduced in a certain audio frame to
be commenced around one frame in advance, the transfer
of picture data for a certain video frame needs to be
commenced well before the decode time of such picture
data. In other words, the audio data which should be

25 reproduced'in a certain audio frame should be inputted
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data for a video frame that is well in advance of the audio frane. This
nmeans that when the audi o stream and video streamare nultiplexed into an

MPEG st ream ' data needs to nultiplexed well before the '

corr espondi r%@%ging?ﬁ?e data. As a result, the video data and®@E?¥4%ta in a
VOBU are in fact conposed of video data that will be reproduced | ater and
audi o data. The arrangenent of the plurality of video packs and 10 audi o
packs has been described as reflecting.the transfer order of the data

i ncluded in the, packs, Accordingly, to have the audio data to be reproduced
in an audi o frahBtPehBeatudppr bififarchy amousdmthel mames tilve [iscigiierias a

to be reproduce% in g video frame that 15 'is wel | ahead of the audio
frame, the audi atﬁc 8T aAdV¥ BRI paBRs thRst ist wed 1t o adviamceatof aie

picture data in tikon need_to be arranged into a sane part of the VOB
Fig. 8A shows h%lgv&?ﬁekgﬁlafo pg%ﬁ,mﬁﬁpéhtgﬁ‘éré’hzﬂ theaagidd od sttaeam lsad

reproduced in ugj a and._the video packs, which show the picture
data to be rep?g%%%gdg#%eééc%gsiHggtFPgﬁﬁ? shBkPd2Pe MBEGr 8§ repm, FiagdigA,

Fa. o8 chove tiatseotaa it mulp ol ekl iRl dnaekergn s ConsRsapiciase 57
rectangl es. As shevhréNaftyd. 8Bs éhgegﬁigbttﬁg %gggo data and audio
data in a VOBU are in fact composed of video data that
will be reproduced later and audio data.
The arrangement of the plurality of video packs and
10 audio packs has been described as reflecting the
transfer order of the data included in the packs.
Accordingly, to have the audio data to be reproduced in
an audio frame read at approximately the same time as
the picture data to be reproduced in a video frame that
15 is well ahead of the audio frame, the audio packs and
video packs that store the audio data and picture data
in question need to be arranged into a same part of the
VOB.
Fig. 8A shows how the audio packs, which store
20 audio data to be reproduced in each audio frame, and the
video packs, which show the picture data to be
reproduced in each video frame, should be stored.
In Fig. 8A, the rectangles marked with "v" and "A"
show each video pack and audio pack. Fig. 8B shows the

25 meaning of the width and height of each of these
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rectangl e shows the bitrate used to transfer the pack. As a result, packs
that have a tall height are transferred with a high bitrate, which neans
that the 5 pack can be inputted into a buffer relativel ui ckly. Packs
that are wakostigdsy, however, are transferred with a | ow b?’é’F’ 9§{°4l§¥d so take
arelatively long time to be transferred into the buffer. The picture data
V11l that is decoded at tinme T11l in 10 Fig. 8B is transferred during the
period k11l. Since the transfer and decoding of the audio data All are
performed during this period k11, the video packs that store the video data

Vi1 and the aygio,Racksthais siwsws iherfydi osfatine Mdighe afreaghd into a
simlar position, 1 as shown in the Iower part of Fig. 8A The picture

data V12 thatydstsiesnseshaistthe dlerate Figed 8foi sranafistethedpaaking t he
period k12. Since the transfer and decoding of the audio data Al2 are

perfornmed durAg£dathésuDeripdcki2thabehavedea patkshebght28re store the video
data V12 and the audi o pack that stores the audio data Al2 are arranged
into a sinilatrpesfétpad wstshawnigh bheraveerwhach oeapsgths8i the the same
way, the audio data Al3, Al4, and Al5 are arranged into simlar_positions

as the psct urpadiateagsbe imputhedvintohaseuffensretarivedim@Reelide t he
out put 58 time of these sets of audio data. .
Packs that are not tall, however, are transferred with a

low bitrate, and so take a relatively long time to be
transferred into the buffer.
The picture data V11l that is decoded at time T1l1 in
10 Fig. 8B is transferred during the period kll. Since the
transfer and decoding of the audio data All are
performed during this period k11, the video packs that
store the video data V11l and the aﬁdio pack that stores
the audio data All are arranged into a similar position,
15 as shown in the lower part of Fig. 8A.
The picture data V12 that is decoded at time T12 in
Fig. 8A is transferred during the period kl2. Since the
transfer and decoding of the audio data Al2 are
performed during this period kl2, the video packs that
20 store the video data V12 and the audio pack that stores
the audio data Al2 are arranged into a similar position,
as shown in the lower part of Fig. 8A.
In the same way, the audio data Al3, Al4, and AlS
are arranged into similar positions as the picture data

25 V13 and V14 whose transfer is commenced at the output
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Note that when picture data with a | arge anount of assigned code, such as
pi cture data V16, is accunulated in the buffer, a plurality of audio data

Al5, Al6, angoRen4ret’ are multiplexed during k16 which is the transfer
period of the picture data V16. Fig. 9 shows how audi o pack¥CTHE/04t%8re a
plurality of sets of audio data to be reproduced in a plurality of audio
frames and video packs that store picture data to 10 be reproduced in
each video frane may be stored. |In Fig. 9, audio pack A31 stores the audio
data A21, A22, and A23 that is to be reproduced for:audio frames 21, f22,
and f23. O the Phdthesnsets of crwdio date. audi o pack A31, the first
audi o data to be decoged is, 15 the audio data A21. Since the audio data
A21 needs to be decodBBtStthRE Pheserigstive datat withoh tilaegeldinpuntares
f20, this audio ds to be read fromthe DVD- RAM together with

the picture dat f(é%%%n\%zéscg’eqeer’arﬁﬁ% 3% RerFuredaturVhg, the secemprated
27 Poneea nos™ (8% HEALLR AT of il inea S, ik koa
o e 1 LSS ARG LD RIE L T it
jvihim'clhar positi operi%d oft ¢n¥ d?ﬂ&qﬁl%s &aq.aat \/alr6e. conposed of picture data
Fig. 9 shows how audio packs that store a plurality
of sets of audio data to be reproduced in a plurality of
audio frames and video packs that store picture data to
10 be reproduced in each video frame may be stored. 1In
Fig. 9, audio pack A31 stores the audio data A21, A22,
and A23 that is to be reproduced for audio frames f21,
£22, and £23. Of the audio data that is stored in the
audio pack A31, the first audio data to be decoded is
15 the audio data A21. Since the audio data A2l needs to
be decoded at the presentation end time of the audio
frame £20, this audio data A21 needs to be read from the
DVD-RAM together with the picture data V11 whose
transfer is performed during the same period (period
20 kll) as the audio frame £20. Aas a result, the audio
pack A3l is arrangéd near the video packs that store the
picture data Vviil.
When considering that an audio pack can store audio

data which should be decoded for several audio frames,

25 and that audio packs are arranged in similar positions
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shoul d be decoded in the future, it may seemthat the audio data and
picture data to be decoded at the sane tinme should be stored in audi o packs

and vi deo packs 5 that are at distant positions within a Vg@ 17J-iowever,
there w | wol®en4ve7 cases where vi deo packs which store pi XY gﬁa that wll
be decoded one second or nore |later are stored al ongside audi o data that
shoul d be decoded at the same tine. This is because MPEG standard 10
defines the upper Iimt for the tine data can be accumnulated in the buffer,
with all data having to be outputted fromthe buffer within one second of

bei ng i nputt W&d& hen i fiafat His dagiddad i@n piciate ethtthehire- second
rule" for MP standard. Because of the 15 one-second rule, even if audio

data and pi Ctdys il tdiloddd 10 tite dRcnies, att triey sserm tihat sFRe ar r anged
into distant positions, the audio pack that stores the audio data to be

decoded at a gidsEh ddte and lpitefure tédtya beo herdecodedist £ ®f 3 VOBUs
P
fromthe VOBU that 20 stores the picturg data to be decoded a% t he same
given tine. (dirRe 3slo2)d Bud ferotemt in| aBit aeeackeBand HEL4P | RAF 1Y
expl anation deals wi'th the buffer 25 control that #5 per f or ne _ when
reproducing tuitaprarerat 68istanoRRosietens|yithin a © 10AYEhEhs the
buffer state for the first part of a video ream In Fi 1 he
there will be gg cases where vf eo packs whieh Qébré
picture data that will be decoded one second or more
later are stored alongside audio data that should be
decoded at the same time. This is because MPEG standard
10 defines the upper limit for the time data can be
accumulated in the buffer, with all data having to be
outputted from the buffer within one second of being
inputted into thé puffer. This restriction is called
the "one-second rule” for MPEG standard. Because of the
15 one-second rule, even if audio data and picture data
that are to be decoded at the same time are arranged
into distant positions, the audio pack that stores the
audio data to be decoded at a given time will definitely
be stored within a range of 3 VOBUs from the VOBU that

20 stores the picture data to be decoded at the same given

time.

(1-2-3-2-2) Buffer Control Between VOBS

The following explanation deals with the buffer

25 control that is performed when reproducing two Or more
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I nput of the pack that includes the picture data is conmenced at the point
I ndi cated as First _SCR during the 5 video frame f71, with the anount of

data shown $§gggﬁging transferred by the presentation end tinme of the
vi deo frane o Simlarly, the anmount of data BT3 has beenPSEIRISMEBed in

the buffer by the presentation end tinme of the video franme f73. This data
Is read fromthe 10 vi deo buffer by the video decoder at the presentation
end time of the video frane f74, with this tine being indicated hereafter
by the notation FirstDTS. In this way, the state of“the buffer changes as
shown in Fig. 10/0Bsi3ucerssiivelyor a Pi@cel0AJsMbHSOLEE! BaRFaL thgrdd
start and the accunul ated anount of data gradually increasing to trace a
triangul ar shapeﬁc"’i’\ldirée Hekest eartrief 4 0Wideo dsensami t hIth&g[embgg that
the video pack is _inputted at the tine First_SCR, although en the pack
positioned at tﬁ?qﬁﬂiﬂ Jf& BAEK ithat dindludes Bhe ppetiretfetstast of the

I ncreased in.tthﬁﬂ@unt f g)ffered,data wll not match the tinme First_SCR
Al 'so, the reasom Last i% tROHEd ndivegtedrasghinsti 86R duadnrgi shehat

Retn, S gE i Sl SR o e A e BT
EEJ][ ]E e(r)f i 2 Zgggfgﬁétgl%:{ﬁﬁi%éﬁﬁ%ecdrb%wt% grheeseirpé)alljéigjx gr?é atir:r:é Ooitf ht(:ahgi deo
video frame f72. Similarly, the amount of data BT3 has
been accumulated in the buffer by the presentation end
time of the video frame £73. This data is read from the
10 video buffer by the video decoder at the presentation
end time of the video frame £74, with this time being
indicated hereafter by the notation First DTS. 1In this
way, the state of the buffer chahges as shown in Fig.
10A, with no data for a preceding video stream at the
15 start and the accumulated amount of data gradually
increasing to trace a triangular shape. Note here that
Fig. 10A is drawn with the premise that the video pack
is inputted at the time First_SCR, although when the
pack positioned at the front of a VOB is a different
20 pack, the start of the increased in the amount of
buffered data will not match the time First SCR. Also,
the reason Last_SCR is positioned midway through a video
frame is that the data structure of the pack is

unrelated to the data structure of the video data.

25 Fig. 10B shows the buffer state during the latter
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Last SCR that is |located m dway through video franme f61. After this, only
the data anmount [err]3 of the accunulated 5 video data is taken from

video buffer at the presentation end tine of video frame 6 oW ng
this, it e@voherszeen that only the data anmount A4 is tak@ﬁ”ﬁ?@ﬁ@b%deo

buffer at the presentation end tinme of video frame f 62, and only the data
amount A5 is taken 10 at the presentation end tinme of video frame f63,
this latter time also being called the LastDTS. For the latter part of a
VOB, the input of video packs and audi o packs is conpleted by the tine

shown as Last i 9eFi 0vid@B. sEpebhat thetRIBUAtawingat ahet bnputlsf in the
vi deo buffer thereafter decrease in steps at the decoding of video

frames f61, f@2taf6R3tanché64idée Buf€eul 1s tbmpbetegaatytbe thmepuffer
decreases in steps at the end of a video stream as shown in Fig. 10B. Fig.
10C shows therhsffecrsthae #er bosaveBsmitiwagothrough wédapl fremestllawi ng
shows the case where the latter part of a video streamthat causes the
buffer state mfowe thibjgonlgBthe detal ametpt| ifnkef tNe RCFIFRERTPArt of
anot her video streamthat causes the buffer state shown in Fig. 10A. 25
Wen these tweidededater dantaken Sxom widpp Pphiked 262the (he FirstDTS of

the fornmer part of the second video streamtq be r oduce to foll ow
after the dep@esentation end time of wvideo frame %%&. %Ongﬁﬁgﬁ

this, it can be seen that only the data amount A4 is
taken from video buffer at the presentation end time of
video frame £62, and only the data amount A5 is taken

10 at the presentation end time of video frame f63, this
latter time also being called the Last_DTS.

For the latter part of a VOB, the input of wvideo
packs and audio packs is completed by the time shown as
Last_SCR in Fig. 10B, so that the amount of data stored

15 in the video buffer will thereafter decrease in steps at
the decoding of video frames £61, £62, £63 and £64. As a
result, the occupancy of the buffer decreases in steps
at the end of a video stream, as shown in Fig. 10B.

Fig. 10C shows the buffer state across VOBs. In

20 more detail, this drawing shows the case where the
latter part of a video stream that causes the buffer
state shown in Fig. 10B is seamlessly linked to the
former part of another video stream that causes the
buffer state shown in Fig. 10A.

25 When these two video streams are seamlessly linked,
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frame with the LastDIS of the latter part of the first video stream 1In
ot her words, the decoding of the first 5 video frame in the second video

stream needsyb 9y pesPer formed after the decoding of the video frame with the
final decode time in the first video stream If the .intervaPCHEMEEA3t he
Last DTS of the latter part of the first video streamand the FirstDTS of
the fornmer part 10 of the second video streamis equivalent to one video
frame, the picture data of the latter part of the first video streamw ||
coexist in the video buffer with the picture data of the fornmer part of the
second vi deo st FE8MFiFStsBFfn of thiey. EO@r Kart of thd Nsddend 1Piebt iS
assuned that the,video franes f71, f72, and f73 shown in Fig. 10A match the
video franmes f6FFEFED tonPer gepniesimedch rRiegls 10B. follow st epnthé i eideo at

t he presentatio? end tL%%f%&§¥ideo frame f71, the picture data BE1l of the
latter part of th& 20%thfith&t LastedLs Rfakhamd atitepipant eoflatize Bilref t he

former part of e vi deq _stream are present in the video buffer. At
the presentati o?fi?ﬁg %?%%aglf. t & A f The dacqdinaret dehey BESsOf

the latter gpart (9febhe Likst vigeo stream and the picture data BT2 of 25
the former part ofetherég%oéa &g o8 SGFTCaiidse Fteedn nepds §9) heve vi deo

3;I ;erBiESAE)f t Pﬁeplégﬁégirnéhi greRd thien%e%fodtirﬁ% WA rvaJ'.rI:lEeo]c 7f3r"an5ehewipt'il'§: ttul'gee
final decode time in the first video stream. If the
interval between the Last DTS of the latter part of the
first video stream and the First DTS of the former part

10 of the second video stream is equivalent to one video
frame, the picture data of the latter part of the first
video stream will coexist in the video buffer with the
picture data of the former part of the second video
stream, as shown in Fig. 10cC.

15 In Fig. 10C, it is assumed that the video frames
£71, £72, and £f73 shown in Fig. 10A match the video
frames £61, £62, and £63 shown in Fig. 10B. 1In such
conditions, at the presentation end time of video frame
£71, the picture data BEl of the latter part of the

20 first video stream and the picture data BT1 of the
former part of the second video stream are present in
the video buffer. At the presentation end time of the
video frame £72, the Picture data BE2 of the latter part
of the first video stream and the picture data BT2 of

25 the former part of the second video stream are present
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part of the first video streamand the picture data BT3 of the former part
of the second video streamare 5 present in the video buffer. As the
decodi ng of video franes progresses, the picture data of the |atter part of
the first woeaersstream decreases in steps, while the pi cPGFE¥HE30f the
former part of the second video stream gradually increases. These decreases
and 10 I ncreases occur concurrently, so that the buffer state shown in
Fig. 10C exhibits a sawtooth pattern which closely resenbles the buffer
state shown for VOBs in Fig. 7C. It should be noted here that each of total
BT1+BEl 15 i #re wialedb swifsr BTARNthd herassnt atnoemteBEILinet@f BT2+BE2
of the data anount BT2 and the data anmount BE2, and total BT3+BE3 of the
data anpbunt i artbiddefchata LibuntheaEsictubel data BETHhcERY HTE#e vi deo
buffer. Here, if any of these totals BT1+BEl, BT2+BE2 or BT3+BE3 %ﬁ

exceeds the ueaciof the tHerst doidenioreammansy cihe IV GFEFe A2 Fhithe
video buffer. If the highest of these totals is, expressed as_Bvl +Bv2, this
val ue Bvl +Bvofnighe bEoxmeniPrEheoE e | $§cond t ikdS? iROF eI 12 25 64

(1-2-3-3) Pack Header, System Header,  Packet Header The, | nf | for the
buf fer cbnt r dPrereRt i Hedth®ovidse Mnfieen Asithe %% §n$n8§E2£%§§k

header, the frames progresses, the picture data of the latter part

of the first video stream decreases in steps, while the
picture data of the former part of the second video
stream gradually increases. These decreases and

10 increases occur concurrently, so that the buffer state
shown in Fig. 10C exhibits a sawtooth pattern which
closely resembles the buffer state shown for VOBs in
Fig. 7C.

It should be noted here that each of total BT1+BEl

15 of the data amount BTl and the data amount BEl, total
BT2+BE2 of the data amount BT2 and the data amount.BEZ,
and total BT3+BE3 of the data amount BT3 and the data
amount BE3 is below the capacity of the video buffer.
Here, if any of these totals BT1+BEl, BT2+BE2 or BT3+BE3

20 exceeds the capacity of the video buffer, an overflow
will occur in the wvideo buffer. If the highest of these
totals is expressed as Bvl+Bv2, this value Bv1+BvZ must

be within the capacity of the video buffer.

25
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system header, and the packet header shown in Figs. 5 6F-6H. Figs.

6F~6H show the | ogical formats of the pack header, the system header, and

t he packet header. As shown in Fig. 6F, the pack header includes a

PackSt art ORI 4F7SCR (System O ock Reference) showi ng t hefSHHE8%17hni ch

the data stored in the present pack 10 shoul d be inputted into the video

buffer and audio buffer, and a Progranmaxrate. In a VOB, the first SCR is

set as the initial value of the STC (System Tinme C ock) that is provided as

a standard feature in a decoder under MPEG standard. 15 The system
g ' 10 G ] 6] ier| ocat ed

transfer rate to be requested of the 20 reproducti on apparatus when

i nputting the daPRVeadd Mirftdensiase tilsteorshanmm imsHiwn pack header, the

"Buffer.bound.info" in Fig. 6G showi ng the highest buffer size to be

request ed of thEYSEFFolGEteSn ApshtdiauPagkat ihgader mhawre MatBigs. t he

VOBU. 25 I%&)pa&ket header_shown in Fig. 6H includes a DIS 65
Time SEafH) s

( Decodi ng _ : dcng ﬁérfhe%m @ ilRgiaal fomatsigkdRe reaek a
PrS trresenial! Alalels AR IR RS, T el ST hlei ¢ %
shown in Fig. 6F, the pack header includes a
Pack_Start_Code, an SCR (System Clock Reference) showing
the time at which the data stored in the present pack
10 should be inputted into the video buffer and audio
buffer, and a Program max_rate. In a VOB, the first SCR
is set as the initial value of the STC (System Time
Clock) that is provided as a standafd feature in a
decoder under MPEG standard.
15 The system header shown in Fig. 6G is only appended
to the video pack that is located at the start of a
VOBU. This system header includes maximum rate
information (shown as the "Rate.bound.info" in Fig. 6G)
showing the transfer rate to be requested of the
20 reproduction apparatus when inputting the data, and
buffer size information (shown as "Buffer.bound.info"” in
Fig. 6G) showing the highest buffer size to be requested
of the reproduction apparatus when inputting the data in

the VOBU.

25 The packet header shown in Fig. 6H includes a DTS
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reordering the decoded video stream The PTS and DTS 5 are set based on
the presentation start tinme of a video frame or audio frane. In the data
construction, a PTS and a DTS can be set for all packs, although it is rare
for such iwbewmasi on for picture data that should be di sprCGHEEBAQYT al | the
video franmes. It is comon for 10 such information to be assigned once in
a GOP, which is to say once every 0.5 seconds of reproduction tinme. Every
vi deo pack and audi o pack is assigned an SCR, however. For a video stream
it is coomon for a PTS to be 15 assigned to each video franme in a GOP,

though for an @wbdust el@irﬁeiétahﬁa)c%ﬁmmﬁcf{ﬂtﬁe Rscd@ihe ©omé ived, eFeFy one
or two audio franes. For an audi o stream here will be no difference

between the disptiledrstefeand 4 hers o ik ket 1 ors O i@t S Pl Sshdwrt equi r ed.
When 20 one audi o pack stores all of the audio data that is to be
reproduced f ortHenct iome retr ewlailch addtaanssoulsd S ostputtédaftet he start of

t he audi o pack. As one exanple, the audio pack A71 shown in Fig. 5B nay be
gi ven the presmmurxienmimgttdre décnded vineauslioedh. ThankT3 &ndsDIhe PTS.
On the other hand, the audi o pack 66 A72 that stores the divided audio
frame f835nustanse sptvdasat QN ddentipnésenation tsarvftime efid ovideme f 84,

not the presentation start tine of the audio frane ]
frame or audio frame. In the data construction, a PTS

and a DTS can be set for all packs, although it is rare
for such information for picture data that should be
displayed for all the video frames. It is common for
10 such information to be assigned once in a GOP, which is
to say once every 0.5 seconds of reproduction time.
Every video pack and audioc pack is assigned an SCR,
however.
For a video stream, it is common for a PTS to be
15 assigned to each video frame in a GOP, though for an-
audio stream, it is common for a PTS to be assigned
every one or two audio frames. For an audio stream,
there will be no difference between the display order
and the coding order, so that no DTS is required. When
20 one audio pack stores all of the audio data that is to
be reproduced for two or more audio frames, a PTS is
written at the start of the audio pack.
As one example, the audio pack A71 shown in Fig. 5B
may be given the presentation start time of the audio

25 frame f81 as the PTS. On the other hand, the audio pack
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f83, as the PTS. This is also the case for the audio 5 pack A73, which
must be given the presentation start tine of the audio frame f86, not the
presentation_start time of the audio frane f85, as the PTS. (1-2-3-)
Continuity oVOrPE"SE: anps 10 The follow ng ts an expcarsaesd/aamsof the
val ues that are set as the PTS, DTS, and SCR for video packs and audi o
packs, as shown in Figs. 6F to 6H Fig. 11A is a graph show ng the val ues
of the SCR of packs included in a VOB in the order that packs are 15
arranged in theigggi The horizontal axis shows the:order of the video
packs, with the tthat stoseshomse diei u the, i i.s.,.assi gned
to each pack. The first value of the Scﬁs?% %?g£°1?§?§§Rﬁ§? %gFg,bgnd S
instead a predet®¥fRhethe Presaimanics sthid. t20e of TPRe' 88898 gggm@ rst
value of the SCR is not zero is that the VOBs that are processed by a video
edi ting appar at U8 4r Qtuihe (e sentaniorditarg ©DRE A6 EORRe §8diBakhhgre
are many cases 3ﬂﬁge the first part of a VOB will have al ready been
del eted. It shouitf bESHNOBIDS Thihals tdksd nihé atayal 86rofnhehgugER of a
VOB t hat ha§ j ust. 67 been encoded will be zero, although the present
embodi ment assumfeR 3+ GG VUt vog Ll vEn ttee SER-Sentat VERB keapet zero,
as shown in Fig.. . Fig. 11A the closer a video pack is to the
tithOél{heQ%uaao frame £86, not the presentation start

time of the audio frame £85, as the PTS.

{1=2-3-4) Continuitv of Time Stamps

10 The following is an explanation of the values that
are set as the PTS, DTS, and SCR for video packs and
audio packs, as shown in Figs. 6F to 6H.

Fig. 11a is é graph showing the values of the SCR
of packs included in a VOB in the order that packs are

15 arranged in the VOB. The horizontal axis shows the
order of the video packs, with the vertical axis shows
the value of the SCR which is assigned to each pack.

The first value of the SCR in Fig. 11A is not zero,
and is instead a predetermined value shown as Initl.

20 The reason the first value of the SCR is not zero is
that the VOBs that are processed by a video editing
apparatus are subjected to many editing operations, so
that there are many cases where the first part of a VOB
will have already been deleted. It should be obvious

25 that the initial value of the SCR of a VOB that has just
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5 start of the VOB, the |lower the value of the SCR of that video pack,
and the further a video pack is fromthe start of the VOB, the higher the
val ue of the SCR of that video pack. This characteristic is referred to as
the "contouohyrspf tinme stanps”, with the sane 10  cont PRUMMIYE ng

exhi bited by the DIS. Though the coding order of video packs is such that
a latter video pack may in fact be displayed before a fornmer video pack
meani ng that the PTS of the latter pack has a | ower val ue than the forner
pack, the PTS will still 15 exhibit a rough continuity in the sane way as

the SCR and thgeRTencIheq R0l naudkoonaghsneufhbihs peatinul Ly 10 (he same

way as for video pac he continuity of and PTSis a 20

prerequisite %%o&ﬂﬁeﬁ&oagéuﬂ%oéhﬁﬁ gheVORS tialheafiakl ofi Rpei SCAN for
expl anation of the values used for SCRto maintain this continuity. In Fig.

11B, the strapohbpl Heenshovers,t Be wabues iaf FEGR 1AAt.he section B is an
extensi on of the straight 25 | ine show ng the values of SCR in the

section A This 68n FigarslAhath¢ helesés zontidewipachetseen the val ues of
SCR between section A and section B. In Fig. 11C, the first value of SCR in

the peri @ D issalrtgbér theaNOBhe ther esery ahee ved ueh@fsthei §FR Of&hat
video pack, and the further a video pack is from the
start of the VOB, the higher the value of the SCR of
that video pack. This characteristic is referred to as
the "continuity of time stamps”, with the same
10 continuity being exhibited by the DTS. Though the
coding order of video packs is such that a latter video
pack may in fact be displayed before a former video
pack, méaning that the PTS of the latter pack has a
lower value than the former pack, the PTS will still
15 exhibit a rough continuity in the same way as the SCR
and the DTS.
The SCR of audio packs exhibits continuity in the
same way as for video packs.
The continuity of the SCR, DTS, and PTS is a
20 prerequisite for the proper decoding of VOBs. The
following is an explanation of the values used for SCR
to maintain this continuity.
In Fig. 11B, the straight line showing the values
of SCR in the section B is an extension of the straight

25 line showihg the values of SCR in the section A. This
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5 showing the values of SCRin the section C. However, in this case
al so, the closer a pack is to the start of the VOB, the |ower the val ue of

SCR, and th a video pack is fromthe start of the VOB, the higher
t he val ue o?wégéénﬁiis means that there is continuity of th&CTAPRS/041y3

st anps between section C and section D. Here, when the difference in tine
stanps is large, these stanps are naturally non-continuous. Under MPEG
standard, the difference between pairs of tinme stanps, such as SCRs, nust
not exceed 0.7 seconds, so that areas 15 in the ‘data where this value is
exceeded are tr&R%® f3feithpronis ountninusty | Pefigen 148 +hBubasbrvabie
of SCRin sectign E is higher than the first value on the straight |ine
showi ng the val CEFWSEISEEGtiand iand medtiamiB. case, the 20 continuity
wherein the closer a gacé.is ig the start of the VOB, the |ower the value
of SCR and the furthe? 519: dedCpakRei §irsnvahvesbdr SC& inhehéOBertikel D

e e S L L o LT L ST )
ool Por F £h PSR Sl ', o o oderacnsin
shoul d be notedthhatl dalde 48y, $1Y AW a pack is to the start of the
VOB, the lower the value of SCR, and the further a wvideo
pack is from the start of the VOB, the higher the wvalue
of SCR. This means that there is continuity of the time
10 stamps between section C and section D.

Here, when the difference in time stamps is large,
these stamps are naturally non-continuous. Under MPEG
standard, the difference between pairs of time stamps,
such as SCRs, must not exceed 0.7 seconds, so that areas

15 in the data where this value is exceeded are treated as
being non-continuous.

In Fig. 11D, the last value of SCR in section E is
higher than the first value on the straight line showing
the values of SCR in section F. In this case, the

20 continuity wherein the closer a pack is to the start of
the VOB, the lower the value of SCR, and the Ffurther a
video pack is from the start of the VOB, the higher the
value of SCR is no longer valid, so that there is no

continuity in the time stamps between section E and

25 section F.

69



5 control between VOBs and the multiplexing nmethod are described in
detail in the PCT publications "W 97/13367" and "WD 97/13363". (1-2-4) AV
Files 10 An AV file is a file that records at |east one VOB that is
to be reprpolsmrgsconsecutively. Wien a plurality of VOBs PATEPHMEwi t hin
one AV file, these VOBs are reproduced in the order they are stored in the
AV file. For the exanple in Fig. 4, the three VOBs, 15 VOB#1, VOB#2, and
VOB#3, are stored in one AV file, with these VOBs being reproduced in the
order VOB#1 [err] VOB#2 VOB#3. \Wen VOBs are stored in this way, the
buffer state for thg,udeRestr £8Mheosbht OREIL At ik hehentdiné shampss sasVOB to
be reproduced and the video stream 20 positioned at the start of the next
VOB to be reprefuestmilld die RTtIRAWE iandrispcti®f Fherthe ifonner Hnghest
amount data Bvl +Bv2 to be stored in the buffer exceeds the capacity of the
buffer, or if jdfiedr redctiions Smmdnaddt adORapatate SiBsluced second is
not conti nuous 25 wth the last tinme stanp in the VOB to be reproduced 70
first, there is theItasheuldhbe setetetbatrepheddetabhswPEl PREECBe possibl e
for the first and second VOBs. (1-3) Logical Construction qf éhe RTRW
Managenens Fi leorirol betweRre VGQHs mdngtgn% R el erdtg dﬁ‘?@f" HEFRTRW

managenent file. The RTRW nmanagenent file is , , "
described in detail in the PCT publications "WO

97/13367" and "WO 97/13363".

(1-2-4) AV Files

10 An AV file is a file that records at least one VOB
that is to be reproduced consecutively. When a
plurality of VOBs are held within one AV file, these
VOBs are reproduced in the 6rder they are stored in the
AV file. For the example in Fig. 4, the three VOBs,

15 VOB#1, VOB#2, and VOB#3, are stored in one AV file, with
these VOBs being reproduced in the order VOB#1 — VOB#2
- VOB4#3. When VOBs are stored in this way, the buffer
state for the video stream positioned at the end of the
first VOB to be reproduced and the video stream

20 positioned at the start of the next VOB to be reproduced
will be as shown in Fig. 10C. Here, if the highest
amount data Bvl+Bv2 to be stored in the buffer exceeds
the capacity of the buffer, or if the first time stamp
in the VOB to be reproduced second is not continuous

25 with the last time stamp in the VOB to be reproduced
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i nformati on show ng attributes for each VOB stored in an AV file. Fig. 12A
shows the detailed hierarchical structure 10 = in which data is stored in
the RTRW manggauRifs;file. The logical format shown on the right of Fig. 12A
is a detailed expansion of the data shown on the left, withPERePHedken

| i nes serving as guidelines to clarify which parts of the data structure

are bei ng expanded. 15 By referring to the data structure in Fig.
12B, it can be seen that the RTRWmanagenent file records VOB information
for VOB#1, VOB#2, K VOB#3 . VOB#6, and that this VOB information is

conposed of VOB S%ﬁ%?althﬁ?érﬁﬁttbﬁ,dsngeanthatrbbam&eBBfQ@@dewttﬁbdﬂ me

map 20 table, a seanj ess linking information. (1-3-1) VOB General

| nf or mati on The ngg BehePal PPastbhar fon" thef §igstoante s¥EBnADVOBA. | S

uni quely assigned to each VOB in an AV file and 25 to the VOB

reproduction period information of each VOB. 71 (1-3-2) Stream Attribute

I nformation The g{rgam A | bute ipformation is co attribute
BT Ot R e RE , ipagenentafiidiebut e

i nf or mati onsi ncl udes %%gp% f1Qr, | nf ormation that, i ndi cates one of MPER

and MPEGL, and a di splay né?%g %ﬁéﬁ% Tt GRSt ot frghe RTRW

management file. The RTRW management file is

information showing attributes for each VOB stored in an
AV file.
Fig. 12A shows the detailed hierarchical structure

10 in which data is stored in the RTRW management file.

The logical format shown on the right of Fig. 12A is a

detailed expansion of the data shown on the left, with

the broken lines serving as guidelines to clarify which
parts of the data structure are being expanded.

15 By referring to the data structure in Fig. 12B, it
can be seen that the RTRW management file records VOB
information for VOB#1, VOB#2, VOB#3, ... VOB#6, "and that
this VOB information is composed of VOB general
information, stream attribute information, a time map

20 table, and seamless linking information. -

{1=3-1) VOB General Information

The "VOB general information" refers to the VOB-ID
that is uniquely assigned to each VOB in an AV file and

25 to the VOB reproduction period information of each VOB.
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and PAL/ SECAM When the video attribute information indicates NISC, an |
I ndi cati on such as "720x480" or 10 " 352x240" may be given as the display '
resolution, and an indication such as "4:3" or "16:9" i ven as the ,
aspect ratwm99/147_d're presence/ absence of copy prevention céﬁi“ P an
anal og video signal may al so be indicated, as may the presence/ absence of a
copy guard 15 for a video cassette recorder whi ch damages the AGC circuit

of a VIR by changing the signal anplitude during the blank period of a

video signal. The audio attrlbute i nformation shows the encoding nethod

whi ch may be gre Daltld - 1h 3 £cdtmadl on Li near - PCM the sanpling
frequency (suc , a brtrate when a fixed bitrate is used, or a

bitrate marked WIthThé/B&ré\&&naﬁtrﬁbuﬁblenbbi:matﬁons:msedmpfﬂaedt ofe map

tabl e shows the size of each VOBU that conposes the VOB and the

reproducti on padead aift reatite? 5 nf ol ionl @andanmlie sitssidiufe capabilities,
representative 72 VOBUs are selected at a predeterm ned interval, such

as a mul tipl e ioffdrmatsieyonds, and the addresses and reproduction times of

these representative VOBUs are given relative to the start of the VOB. 5

(1-3-3) ®eanl ess LTthﬁgdenféthﬁ@bbheThefgeaﬁté§§ FPﬁ%Pﬁ§S|HFGFﬁat|on i s
i nformati on

format information that indicates one of MPEG2 and
MPEGl, and a display method that indicates one of NTSC
and PAL/SECAM. When the video attribute information
indicates NTSC, an indication such as "720x480" or
10 "352x240" may be given as the display resolution, and an
indication such as "4:3" or "16:9" may be given as the
aspect ratio. The presence/absence of copy prevention
control for an analog video eignal may also be
indicated, as may the presence/absence of a copy guard
15 for a video cassette recorder which damages the AGC
circuit of a VTR by changing the eignal amplitude during
the blank period of a video signal.
The audio attribute information shows the encoding
method which may be one of MPEG2, Dolby Digital, or
20 Linear-PCM, the sampling frequeney (such as 48kHz), a
bitrate when a fixed bitrate is used, or a bitrate
marked with "VBR" when a variable bitrate is used.
The time map table shows the size of each VOBU that
composes the VOB and the reproduction period of each

25 VOBU. To'improve accessing capabilities, representative
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whi ch enabl es the consecutive reproduction of the plurality of VOBs in the
AV file to be perforned 10 seam essly. This seam ess |linking information
i ncludes t heysaasss flag, the video presentation start tine VOB V. S PTM
the video presentation end time VOBV E PTM the FirstSCR RGTUPPHITSCR
the audio gap start tinme ASTPPTM the audio gap | ength A GAPLEN, 15 and
the audio gap location information A GAP LOC. (1-3-3-1) Seanl ess Flag The
seanfess flag is a flag show ng whether the VOB correspondi ng the present
seanl ess Iinkin%.infornation 20 I's reproduced seam essly follow ng the
end of reproductViOBVSoRathSlERRstiati onareédamstimindy hef &Feal hesRERSES!
VOB in the AV file. When this flag is set at "01", the reproduction of the
present VOB (thé FRtePIeoRf itppagenndsl swahittes|yddnesses wWaed the flag
is set 25 at "00" 4?1 reproduction of the present VOB is not 73

produced seam e&SPFOdUS tiMeHaF dhaseheemmsshita i ore GfOBUplaral ity of
VOBs seani essly i &eha%Lonship between the fornmer VOB and the |atter VOB
nmust be as fol | Gws. clative tp tH& 1$oants afustha B he sane di spl ay

met hod (NTSC, PAL, etc.) for the video streamas given in the video
attribute information. (2) Both VOBs nust use the sane encodi ng net hod

{1-3-3) Seamless TLinking Information

The seamless linking information is information
which enables the consecutive reproduction of the
plurality of VOBs in the AV file to be performed

10 seamlessly. This seamless linking information includes
the seamless flag, the video presentation start time
VOB_V_S_PTM, the video presentation end time
VOB_V_E PTM, the First SCR, the Lasﬁ_SCR, the audio gap
start time A_STP_PTM, the audio gap length A _GAP_LEN,

15 and the audio gap location information A GAP LOC.

(1-3-3-1) Seamless Flag

The seamless flag is a flag showing whether the VOB
corresponding the present seamless linking information

20 is reproduced seamlessly following the end of

reproduction of the VOB positioned immediately before
the present VOB in the AV file. When this flag is set
at "01", the reproduction of the present VOB (the latter
VOB) is performed seamlessly, while when the flag is set

25 at "00", the reproduction of the present VOB is not
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(AC-3, MPEG Linear-PCM for the audio streamas given 10 in the audio
attribute information. Failure to conply with the above conditions prevents
seam ess reproduction from being perforned. When a different display nethod
i s used fowoasmrsteo stream or a different encoding nethod“ﬂ@wﬁyggnfor an 15
audi o stream the video encoder and audio encoder will have to stop their
respective operations to swtch the display nethod, decodi ng nethod, and/or
bit rate. As one exanple, when two audio streans that are to be reproduced
consecutively are such that the former 20 audi o stream has been encoded
according to peodudeidhedamdedsihe | atter according to MPEG met hods, an

audi o decoder will have to stop decoding to switch the streamattributes .
when the stream sw Ixhesdér ono A Bf dom MRS répsoduthioni ¢fadi phuspddt¥ccurs
for a video decoder when 25 t he video stream changes. 74 The seanl ess

flag i s only sdt VOBs' @Familess lyot lthef neiatdionshigom@itients the eR) are
satisfied. If any one of the above conditions (1) and (2) is not satisfied,
t he seanl ess MOEgangl &he Jattgy VOB (must bep)asy Pesent ation Start Tine
VOB V S PTM The video presentation start tinme VCBVSPTNIihoms %Hedtine at

whi ch rep¥oduction &%) tBethjYQBs\fyeb wpe| ghe same display method-

(NTSC, PAL, etc.) for the video stream as given in the
video attribute information.
(2) Both VOBs must use the same encoding method
(AC-3, MPEG, Linear-PCM) for the audio stream as given
10 in the audio attribute information.
Failure to comply with the above conditions
prevents seamless reproduction from being performed.
When a different display method is used for a video
stream or a different encoding method is used for an
15 audio stream, the video encoder and audic encoder will
have to stop their respective operations to switch the
display method, decoding method, and/or bit rate.
As one example, when two audio streams that are to
be reproduced consecutively are such that the former
20 audio stream has been encoded according to AC-3 methods
and the latter according to MPEG methods, an audio
decoder will have to stop decoding to switch the stream
attributes when the stream switches from AC-3 to MPEG.
A similar situation alsoc occurs for a video decoder when

25 the video stream changes.
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in the video streans conposing a VOB is to start. This 10 time is given
I n-PTM descriptor fornmat. PTM descriptor format is a format whereby the

time is expr‘g(?ggﬂ # th an accuracy of 1/27,000,000 seconds or 1/90, 000
seconds (=30 ,6 0, 000 seconds). This accuracy of 1/90, 00RCHEIA4I3 i s set

considering the 15 common mul tiples of the frame frequencies of NISC
signals, PAL signals, Dol by AC- 3, and MPEG Audi o, while the accuracy of

1/ 27, 000, 000 seconds is set considering the frequency of the STC. Fig. 12B
shows the PTM descriptor format. In this 20 drawi-ng, the PTM descri ptor
format is conposed of TRepfgamépsmefilagPikband)y tshat tshongd "t hatiddiantomhen
the presentation.start tine is divided by 1/90, 000 seconds and an extension
el ement ( PTMext et SO fonFidionhe(kemnade?) vies sdaeisAbedpr esEnkayi on

start tine is 2 j vided.by the base element to an accuracy of 75
1/ 27, 000, 000 sec%c’%‘r‘?ols°.df (tf‘-es-%b-%‘je \FREHL ke nt bt i and ER) Tisrend©B V E PTM The

vi deo presentati f%gi%dlﬂ% %pB V E PTMshows 5 - the tine at which
reproduction of the last 'vi 5 TIBHETH tirg vigletrstateadh®0tonposi ng a VOB

ends. Thistinme is also given in PTMdescriptor format. (1-3-3-4) Relation
bet ween Video Presentation Start Tine 10 VOB V S PTM and Vi deo :

Presentation Eng1Uym-YBNdePMesentation Start Time VOB v S PTM

The video presentation start time VOB_V_S_PTM shows
the time at which reproduction of the first video field
in the video streams composing a VOB is to start. This

10 time is given in PTM descriptor format.

PTM descriptor format is a format whereby the time
is expressed with an accuracy of 1/27,000,000 seconds or
1/90,000 seconds (=300/27,000,000 seconds). This
accuracy of 1/90,000 seconds is set considering the

15 common multiples of the frame frequencies of NTSC
signals, PAL signals, Dolby AC-3, and MPEG Audio, while
the accuracy of 1/27,000,000 seconds is set considering
the frequency of the STC.

Fig. 12B shows the PTM descriptor format. In this

20 drawing, the PTM descriptor format is composed of a base
element (PTM base) that shows the quotient when the
presentation start time is divided by 1/90,000 seconds
and an extension element (PTM_extension) that shows the
remainder when the same bresentation start time is

25 divided by the base element to an accuracy of
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The followng is an explanation of the relation between the VOB V_E PTM of

a former VOB and the VOB V S PTMof a latter VOB, when the forner VOB and

|atter VOB are to be seanl essly reproduced. 15 Since the |latter VOB

i s fundameme esiaystt o be reproduced after all of the videoPFAEREMHEI uded in

the former VOB, so that if the VOB V.S PTMof the latter VOB is not equa

to the VOB V.E PTMof the forner VOB, the tine stanps will not be

conti nuous, neaning that the 20 former VOB and | atter VOB cannot be

reproduced seam essly. However, when the two VOBs have been encoded

conpl etely sepamat eJoo, ddre Ry, Wil | have assigned a unique tine stanp

to each video pack and audi o pack during encoding, so that the condition

for 25 the VOB VS PTMof the latter VOB to be equal to the 76

VOB V_E PTM of the forner VOB becones problenatlc Flg 13 shoms the state
of the buffer 1 g e 58 T A g phs in Fig.

- 13, the vertical axis shoms t he occupancy of t he buffer

hori zontal axis reprsenageD|pﬁesemﬁétﬁpﬁegnﬂeﬁF@?eﬁpﬁnﬁ_PhET§Cﬁg°ﬂ?S

vi deo presentation end time VOB V_E PTM and video presentation.start tinme
VOB V_S PIM hdihe Heldie plotWiskeh [FERFeAudtion (¢ W%t{ﬁ% d‘é‘t‘; £q r%%ef‘i

by t oduced last in the former YO8 | Somtosing PWASLAdl O ey dlige bid fer

also given in PTM descriptor format.

=

-3-3- i ween Vi
10 B_V S _PT vi resentation F ime VOB V_E_PT
The following is an explanation of the relation
between the VOB V_E PTM of a former VOB and the
VOB_V_S_PTM of a latter VOB, when the former VOB and
latter VOB are to be seamlessly reproduced.

15 Since the latter VOB is fundamentally to be
reproduced after all of the video packs included in the
former VOB, so that if the VOB_V_S_PTM of the latter VOB
is not equal to the VOB V_E_PTM of the former VOB, the
time stamps will not be continuous, meaning that the

20 former VOB and latter VOB cannot be reproduced
seamlessly. However, when the two VOBs have been
encoded completely separately, the encoder will'have
assigned a unique time stamp to each video pack and
audio pack during encoding, so that the condition for

25 the VOB V_S_PTM of the latter VOB to be equal to the
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Last SCR of the video pack conposed by this picture data, with the
reproduction processing of this data waiting until the PTS that is the
present ati 0%359?{41757“ me is reached (if the last pack inputted into an MPEG
15 decoder 15 an audi o or other pack, this condition is rRETAPA$ANA]3 Here,
vi deo_presentati onendti ne VOB _V_E PTM shows the point where the display
period hl of this final video has expired starting fromthis PTS. This

di splay period hl is the period taken to draw an i mage 20 fromthe first
field that conposes one screen-sized image to the final field. In the | ower
part of Fig. 11HOBtNeEpPEMuod ¢étea fidvatersivol bdiontisphewrbddest. in the
latter VOB is inputted into the video buffer at the tine FirstSCR 25

with the reproductiorf - th? sskews thetstatensf| thebBEBeZ7 for tAEI cating

t he presentatio% start _tinme. In this drawing, the video packs of the forner
and latter VOBs 8FBSFe¥REcanfetheadsiténad VAR .SCRmitite tdrmphy sin v@igle "0",

a video present%éiog gpg t%ne OBV EPIM and a 5 vi deo presentation
start time VOB V-5 PN VeEGACRH 8RdRaRbows ithec acawpagunn dhathe/@RALS: PTM

of latter ¥OB <, VeE PIM of forger VOB. The follow ng is an expl anation
of why seanl ess y%%?oﬁﬁgtgg%lfgngéggﬁﬁPé efeRepentishd imendi tIhen tlines

VOB_V_S_PTM of  {8bt85eNPBng ¥g§—¥€ETPE¥E?fv&%%gegr%g%htation end time

VOB_V_E PTM, and vidéo presentation start time
VOB_V_S_PTM have been plotted. 1In Fig. 11B, the picture
data that is reproduced last in the former VOB is

10 inputted into the video buffer by the time indicated as
Last_SCR of the video pack composed by this picture
data, with the reproduction processing of this data
waiting until the PTS that is the presentation start
time is reached (if the last pack inputted into an MPEG

15 decoder is an audio or other pack, this condition is not
valid). Here, video_presentation_end_time VOB_V_E_PTM
shows the point where the display period hl of this
final video has expired starting from this PTS. This
display period hl is the period taken to draw an image

20 from the first field that composes one screen-sized
image to the final field.

In the lower part of Fig. 11B, the picture data

that should be displayed first in the latter VOB is
inputted into the video buffer at the time First_ SCR,

25 with the reproduction of this data waiting until the PTS
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Under DVD- RAM st andard, an extended STD nodel (hereinafter "E-STD') is
defined as the standard nodel for the reproduction apparatus, as shown in
Fig. 19. 1In general, an MPEG decoder has an STC (System Tine C ock) 15

for measuwongasst andard time, with the video decoder an®CHIIFBU & coder
referring to the standard time shown by the STC to perform decode
processing and reproduction processing. In addition to the STC, however,

E- STD has an adder for adding an offset to the standard tinme 20 out putted
by the STC, so that either of the standard tine outputted by the STC and

the addition {]ﬁi’éétﬁfzgtﬂ?e asieles o B 16 SOt o6t edimed omtpthied to the video

decoder and the audi o decoder. Wth this construction, even if the tine

stanps for didfoseng, VOB widedOpacRatoNUES , f@fmer tdved OLapuer oVOBAe adder
may be supplied to the decoder 78 to have the decoder behave as if the
time stanps ofrd heessist ives by cass i gmedisan ASCR wishil the sEans®s¥atepr oduct i on
Is still possible even when the VOB V. E PTM of former VOB and the VOB VSPTM
of latter VOB'Gte aotideo presenbabien esdiniméeVeBoVeE eREWpl @ndThe

di fference between the VOB V.S PTM of latter VOB and the VOB V E PTM of
former V6B cawmideo usrelsestahionfsterttbime ¥AReW ByPTHe aBEErt¥fis is

normal ly referred to as the "STCoffset". As a result, a 19 reg&gdgction
appar at us of esMELETDL¥p@en Ppenggennpghat VOB_V_S_PTM of latter :

VOB _V_E PTM of former VOB.
The following is anlexplanation of why seamless

reproduction is possible even for the condition

10 VOB_V_S_PTM of latter VOB < VOB_V_E PTIM of former VOB.
Under DVD-RAM standard, an extended STD model
(hereinafter "E-STD") is defined as the standard model
for the reproduction apparatué, as shown in Fig. 19. 1In
general, an MPEG decoder has an STC (System Time Clock)

15 for measuring a standard time, with the video decoder
and audio decoder referring to the standard time shown
by the STC to perform decode processing and reproduction
processing. In addition to the STC, however, E-STD has
an adder for adding an offset to the standard time

20 outputted by the STC, so that either of the standard
time outputted by the STC and the addition result of the
adder may be selected and outputted to the video decoder
and the audio decoder. With this construction, even if
the time stamps for different VOBs are not continuous,

25 the output of the adder may be supplied to the decoder
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STCof fset according to the fornmul a shown bel ow which uses the VOB V_S PTM
of latter VOB and the VOB_V_E PTM of former VOB. After finding the

STCof f set L@ggPﬁgg duction apparatus then sets the result in the 15
adder. STCof ="VOB V_E PTM of fornmer VOB - VOBVSPTM of PETARISAHUIE 20

The reason the VOB V.S PTMof latter VOB and the VOB V_E PTM of fornmer VOB
are witten in the seamess linking information is to enable the decoder to
performthe above cal cul ati on and set the STCoffset. in the adder. 25

Fig. 11E is a graph that has been plotted for two 79 VOBs in each of
which the tine §?§Hﬁ§v%f%h%d®@¢®®©nsbeb§vehmsnifntﬁégtiﬁéAstihpstb&Ethba”D
of the first paq%Q'n VOB#1 includes the initial value Initl, wth the packs
foll owi ng therea RS P HeR RIS ngl s ht ghesulb) useailesas their tine

stanps. In the . the tine stanp of the first pack in VOB#2
i ncl udes the ini éugagmx\‘g%emr m§ Sttt Peseibhekeven| vhennghen¥pBavt Br PTM

havi ng i1 ncreasi y:ﬂhﬁ@?r | ue s their_ tine stanps. In Fig. 11E, the
final value of the 19 SDQ#%§H? MOB SV 19 PTM; ghetathan VBB &restioval ue

NG B ST AT NER T
The difference between the VOB_V_S_PTM of latter
VOB and the VOB_V_E_PTM of former VOB can be used as the
offset to be added by the adder. This is normally
referred to as the "STC_offset". As a result, a
10 reproduction apparatus of the E-STD model finds the
STC_offset-according to the formula shown below which
uses the VOB _V_S_PTM of latter VOB and the VOB_V_E PTM
of former VOB. After finding the STC_offset, the

reproduction apparatus then sets the result in the

15 adder.

STC_offset = VOB_V_E_PTM of former VOB -
‘VOB_V_S_PTM of latter VOB

20 The reason the VOB _V_S_PTM of latter VOB and the
VOB_V_E_PTM of former VOB are written in the seamless
linking information is to enable the decoder to perform
the above calculation and set the STC_offset in the

adder.

25 Fig. 11E is a graph that has been plotted for two
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the first pack in VOB#2 is desired follbmﬁng the final pack of VOB#1
regardl ess of the non-continuity of tinme 15 st anps, an STCoffset can be
added to the tinme stanps in VOB#2, thereby shifting the tine stangs in
VOB#2 froma$84rsslid |ine shown in Fig. 11E to the br okeRCFAREO# At
continues as an extension of the time stanps in VOB#1. As a result, the
shifted tinme stanps in VOB#2 can be 20 seen to be continuous with the
time stanps in VOB#1. (1-3-3-5) First SCR The First SCR shows the SCR of the
first pack in a VOB, witten in PTM descriptor format. 25 80 (1-3-3-6)
Last SCR The wa®sSGR Hawhs odfhe&hICGR ahet hdreastt gagpek dne adr@Bnumis,t @8 i n
PTM descriptor format. 5 (1-3-3-7) Relationship between the First SCR
and Last SCR Ahodesdm IFdd.aldve, ghecéimee steppodut tihen HirsroRaak @géy f or ned
by a decoder of E-STD type, the LastSCR of the former VOB and the FirstSCR
of the |atter VB 1lddnodudesottheeddittd adamadiue tIvd tdondiittitorFieh 839Kt SCR of
former VOB = FirstSCR of latter VOB. However when using an STCoffset, the
fol | owi ng rel &G13esHing Eharesdtan havigag ippreasingly hoReT R Hiher voB
+ time required b¥11 pack .
5 as their time stamps. 1In the same way, the time stamp
of the first pack in VOB#2 includes the initial value
Init2, with the packs following thereafter having
increasingly higher values as their time stamps. In
Fig. 11E, the final value of the time stamps in VOB#1 is
10 higher than the first value of the time stamps in VOB#2Z,
so that it can be seen that the time stamps are not
continuous across the two VOBs. When the decoding of
the first pack in VOB#2 is desired following the final
pack of VOB#l regardless of the non-continuity of time
15 stamps, an STC offset can be added to the time stamps in
VOB#2, thereby shifting the time stamps in VOB#2 from
the solid line shown in Fig. 11E to the broken line that
continues as an extension of the time stamps in VOB#1.
As a result, the shifted time stamps in VOB#2 can be

20 seen to be continuous with the time stamps in VOB#l.

(1-3-3-5) First SCR
The First SCR shows the SCR of the first pack in a
VOB, written in PTM descriptor format.

25
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transfer [err] STCoffset + FirstSCR of |atter VOB Here, if the LastSCR of
former VOB and the FirstSCR of latter VOB do not satisfy the above 20
equation, thj o S that the packs that conpose the fornmer VOB are
transferred rntd the video buffer and audi o buffer .at the sEFEJIP8MEI7As t he
packs that conmpose the latter VOB. This violates MPEG standard and the
decoder nodel of E-STD where packs are transferred one 25 at atinmein
the order of the pack sequence. By 81 referring to Fig. 10C, it can be
seen that the Lagt_sgf of former VOB nmatches the First SCR of latter
VOB+STCof f set hat— elationship is satisfied. 5 When
VOB is reproduced usi decoder of E-STD type, of particular note is the
time at which switchi ﬂ&ei a5&r PERNBAOKSt Wben SR pift thhey lidse Haasaind & i me
out putted by th%mﬁgcvﬁpthUtp“tF%ﬂf the standard tinme with the offset added
by the adder. Sinc€ no TGt et i fRsapipten Eowmatching is given in the
time stanps of a VOB, there is the risk that the inproper timng wll be
used for switching to the output value of the adder. FirstSCR and Last SCR
are effectiye forpJd3dqr- ng.sthe decoder, of the correct timng to swtch to
the 15 output value of th W SSREnes i R ngiidt he decoder
conpares the stapgar ¢gdd me outputted by the

gsl) ht? I

As described above, since the reproduction of VOB
is performed by a decoder of E-STD type, the Last SCR of
the former VOB and the First_SCR of the latter VOB do

10 not need to satisfy the condition that Last_SCR of
former VOB = First_SCR of latter VOB. However when

using an STC_offset, the following relationship must be

satisfied.

15 Last_SCR of former VOB + time required by 1 pack

transfer = STC offset + first_SCR of latter VOB

Here, if the Last_SCR of former VOB and the
First_SCR of latter VOB do not satisfy the above
20 equation, this means that the packs that compose the
former VOB are transferred into the video buffer and
audio buffer at the same time as the packs that compose
the latter VOB. This violates MPEG standard and the
decoder model of E-STD where packs are transferred one

25 at a time in the order of the pack sequence. By
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STCwth the First_SCR and Last _SCR Wen the standard tinme outputted by
the STC matches the FirstSCR or LastSCR, the decode switches fromthe
standard tinme 20 out putted by the STC to the output val ue of the adder.
Wien repr qebigra VOB, standard reproduction reproduces PERIPISM7E voB
after reproducing the fornmer VOB, while "rew nd reproduction" (backward

pi cture search) reproduces the forner VOB after the latter VOB. 25
Accordingly, the Last _SCR is used for switching the 82 val ue used by the
decoder during standard reproduction, and FirstSCR is used for swtching

the val ue use &P asly durddlg evdil Bee el ainaa . tHAIrLaxge rsor nd
r epr oducti on, q‘t%ﬁt% tggr VCBgl S decodled starting from5 the last VOBU to

the first VOBYr angmhevdiendtidids irder Aok daR tde latter VOB has been
decoded, the fornmer VOB is decoded starting fromthe last VOBU to the first

VOBU. | n ot herpopxdhs chfddty reovithht egiodssvoneldteidnsteimtishi ch the
decodi ng of the first video pack 10 in the latter VOB is conplete is the
time at which ddwiamilae. used by the decoder needs to be switched. To inform
a video data editing apparatus of E-STD type of this tine, the FirstSCR of
each VOB §s provi dethen vhe ERSRvepandyesdnusfingedegcsder of E-RTjptype.
det ai |l ed explanation of the techniques used for E-STD and the STCoffset is
given in the RGT particular note is the time at which sw1tch1ng is
performed between outputting the standard time outputted
by the STC and outputting the standard time with the
offset added by the adder. Since no information for
10 this switching is given in the time stamps of a VOB,
there is the risk that the improper timing will be used
for switching to the output value of the adder.
First_SCR and Last_SCR'are effective for informing
the decoder of the correct timing to switch to the
15 output value of the adder. While the 8TC is counting,
the decoder compares the standard time outputted by the
STC with the First_SCR and Last_SCR. When the standard
time outputted by the STC matches the First_SCR or
Last SCR, the decode switches from the standard time
20 outputted by the STC to the output value of the adder.
When reproducing a VOB, standard reproduction
reproduces the latter VOB after reproducing the former
VOB, while "rewind reproduction” (backward picture

search) reproduces the former VOB after the latter VOB.

25 Accordingly, the Last_SCR is used for switching the
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Publ i cati on WO97/13364. 20 (1-3-3-8) Audio Gap Start Tinme "A STP_PTM
When an audi o reproduction gap exists in a VOB, the audio gap start tine
"A STP_PTM ggwﬁwépe halt start tine at which the audi o decoder should
halt its operafion. This audi.o gap start time is given i n PIGfH38/04173
descriptor format. One audio gap start tinme ASTPPTM 83 I's indicated for
one VOB. (1-3-3-9) Audio Gap Length "A GAP LEN' The audi o gap | ength AGAP
LEN' shows how long the 5 audi o decoder should stop its operation
starting fromthe halt start time indicated as the audio gap start tine "A
STP PTM'. The | efigneorsedi By atle odgapdeengulriAgGaPhANalrs kepirodiiced dro
being Il ess than the length of one audio frane. 10 (1-3-3-10) Inevitability
of Audio Gap The?Rd| FHFhgSFR ia wesetafiari swibthihy ahpevadgewnerd @y audi o
gap occurs needs_to ge specified by the audio gap start time A STPPTM and
audi o gap length CORURT | BRring nEewindeseproduntiand abdirdnsgt reardmdar e

reproduced with different. cycles, the total reproduction time of a video
strean1containedP%%r%q%Eﬁﬁﬁ%ESt%%tlﬂﬁ?@ﬁ YBB istdecedpdodteridngt ifmemof the

audio stream Farp, ;.4¢ VOBU to the first VOBU, and when the first -

video pack in the latter VOB has been decoded, the
former VOB is decoded starting from the last VOBU to the
first VOBU. 1In other words, during rewind reproduction,
the time at which the decoding of the first video pack

10 in the latter VOB is complete is the time at which the
value used by the decoder needs to be switched. To
inform a video data editing apparatus'of E-STD type of
this time, the First SCR of each VOB is provided-in the
RTRW management file.

15 A more detailed explanation of the techniques used
for E-STD and the STC_offset is given in the PCT
Publication W097/13364.

20 {1-3-3-8) Audio Gap Start Time "A STP PTM"

When an audio reproduction gap exists in a VOB, the
audio gap start time "A_STB_PTM" shows the halt start
time at which the audio decoder should halt its
operation. This audio gap start time is given in PTM

25 descriptor format. One audio gap start time A STP PTM
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20 exanple, if the video streamis for NITSC standard and the audi o stream
is for Dol by-AC3, the total reproduction tine of the video streamw || be
an integer multiple of 33nsec and the total reproduction tinme of thé audio
stream w Wosaszar i nteger nultiple of 32nsec, 25 as sh&GEIPIORITY. 14A. 84
| f seanl ess reproduction of two VOBs is perforned wi thout regard to these
differences in total reproduction tine, it will be necessary to align the
reproduction tinme of one set of the picture data and the 5 reproduction
time of the audio data to synchronize the reproduction of the picture data
with the audi psdahdichfelr €8+ bRealfogn such reproduction times, a
difference in total tinme appears at one of the start or the end of the

pi cture data or audio data. 10 In Fig. 14B, the reproduction tine
of the picture data IS allgned mnth t he reproductlon time of the audio data
at the start YOB : highle HAf EN is present at the end
of the picture data and audi o data 15 “Since the tine difference gl
is present at the dhit GudiBmiEp iengdedIGRR IR ahents GwWARAY &he VOBH2
is attenpted, the reproduction of the audio streamin VOB#2 is performed to
fill in Bhe tandigi fiecpdaceshouldeghPRgitRapreratiepr §88EELBA 6F°Phe audio

streamin VOB#2
the halt start time indicated as the audio gap start

time "A_STP_PTM". The length of this audio gap length
A GAP LEN is restricted to being less than the length of
one audio frame.

10
(1-3-3-10) Tnevitabilitv of Audio Gap

The following is an explanation of why a period
where an audio gap occurs needs to be specified by the
audio gap start time A STP_PTM and audio gap length

15 A GAP_LEN.

Since video streams and audio streams are
reproduced with different cycles, the total reproduction
time of a video stream contained in a VOB does not match
the total reproduction time of the audio stream. For

20 example, if the video stream is for NTSC standard and
the audio stream is for Dolby-AC3, the total
reproduction time of the video stream will be an integer
multiple of 33msec and the total reproduction time of
the audio stream will be an integer multiple of 32msec,

25 as shown in Fig. 14A.
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20 starts at

time g0. The audi o decoder uses a fixed frame rate when

reproduci ng an audi o stream so that the decoding of audio streans is
continuouslxwﬁﬁ%LQ%ped with a fixed cycle. Wien VOB#2 that is to be
W hg

reproduced f0

VOB#1 has al ready been read from the DVEF{EARP4133%

t he audi o decoder can comrence the decodi ng- of VOB#2 as 85 soon as it
has conpl eted the decoding of the audio streamin VOB#1. To prevent the

audi o streamin

the next VOB from being reproduced too early during

seanl ess reproduction, 5 the audio gap information in the streamis

managed on the host silfesefmiesepregurotivat iappafatin VBS had
gap period, the host needs to halt the operation of the audi o decoder.

reproduction halithquboderideautheseapi fimdestast $nf totgalhe audi o gap 10

start tinme ASTPPTM and continues for the period indicated as AGAPLEN

Processing to s

witten in the

possi bl e togspegid:
t he specifying netho

U JalfRe s sital bl bave oneeelssatii hoaadtigrattheMor e

specifically, the PTS of an audio frame imediately after an audio gap is

TEPIRGEIOT LIRG Qf N a3Rk PPathetpicburhadata asd the

gﬂﬁﬂ:lhe audi o g ends,. However, problens arise with
e

@)

AP RS, © AUGLRI Rt BOt ¥RCBRODL gebthe

eproduced for syl e df R S8 el DL S840 0uRESH

nore
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25

In order to align such reproduction times, a difference
in total time appears at one of the start or the end of
the picture data or audio data.

In Fig. 14B, the reproduction time of the picture
data is aligned with the reproduction time of the audio
data at the start of a VOB, so that the time difference
gl is present at the end of the picture data and audio
data.

Since the time difference gl is present at the end
of VOB#1, when seamless reproduction VOB#1 and VOB#2 is
attempted, the reproduction of the audio stream in VOB#2
is performed_to fill in the time difference gl, meaning
that the reproduction of the audio stream in VOB#2
starts at time g0. The audio decoder uses a fixed frame
rate when reproducing an audio stream, so that the
decoding of audio streams is continuously performed with
a fixed cycle. When VOB#2 that is to be reproduced
following VOB#1 has already been read from the DVD-RAM,

the audio decoder can commence the decoding of VOB#2 as

85
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20 detail, when several sets of audio data to be reproduced for severa
audio franmes are stored in a single audio packet, it is only possible to
provide a PTS for the first out of the plurality of audio frames in this
packet. Iwoewtes? words, a PTS cannot be provided for 25PCTHR®MEdai ni ng

audio frames in the packet. If the audio 86 data that is to be
reproduced for the audio franmes | ocated both before and after an audi o gap
is arranged into the same packet, it will not be possible to provide-a PTS

for the audio frane |ocated i mediately after the 5 audi o gap. As a

result, it wldoohOlashe tP@as Rlotpl@ teRedhley dBHY @ Dathe MRATIIGY that the
audio gap will be lost. To avoid this, the audio frame | ocated i medi ately

after an audi gtg=®am SnpnvopEdsed so as to be arranged at the front of the
next audi o pack, so that 10 the PTS (audio gap start time ASTPPTM and
audi o gap | engt h AGPLENveht t tive aaddbo f garean medthe ehgxtf VEB £hemaudi o
gap can be clarified within the stream Wenever necessary, a )

Paddi ng- Packebeiag meprodused hpdvREG1yt svdking seanless mapaesqtdaiti atel y
after 15 audio data in an audio packet that stores the audio data to be
reproduced i mid@ auslly Werodatarmaidion dap the gtrean sifomaAmagsS Phck &3
whi ch includes _an_audi o gap which includes the audi o data }ﬁgg-l,y to be
reproduced forthendofidisdde ffed yrePRPAUCE {05 ARRPTRAT Ushe q‘%/t Gt

during audio gap period, the host needs to halt the
operation of the audio decoder. This reproduction halt
period is the audio gap, and starts from the audio gap

10 start time A STP_PTM and continues for the period
indicated as A GAP_LEN.

Processing to specify audio gaps is also performed
within a stream. More specifically, the PTS of an audio
frame immediately after an audio gap is written in the .

i5 packet header of an audio packet, so that it is possible
to specify when the audio gap ends. However, problems
arise with the specifying method when several sets of
audio data that should be reproduced for several audio
frames are stored in a single audio packet. In more

20 detail, when several sets of audio data to be reproduced
for several audio frames are stored in a single audio
packet, it is only possible to provide a PTS for the
first out of the plurality of audio frames in this
packet. In other words, a PTS cannot be provided for

25 the remaining audio frames in the packet. If the audio
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20 part of VOB#1 shown in Fig. 14B and a Paddi ng_Packet. This draw ng
al so shows audi o pack &4 that includes the audio franes u+l, u+2, and u+3

that are pog‘i,(}}g?ﬂzﬁ at the front of VOB#2. The above-nenti oned audi o pack
& is the pac 25 i ncl udes the audio data.that is tRFHESMtvduced
for the 87 audio frame i mMmedi ately after the audi o gap, while audi o pack
&3 is the pack that is located in imrediately before this pack. If the
audio data to be reproduced for the audio 5 frame | ocated i mredi ately
after the audio gap is included in a pack, the pack |ocated i mredi ately
before such pacRatsg thatedsato" bedirepraciude|fod rhamRld FlaRes Here,

the audi o pack G3 is positioned toward the 10 end of the video pack
sequence in a V@G,atﬁ/fit Roikd pefiomee aghat @ fitietrh am laatciio foy Gkt ingddre
being included in VOB#1l. However, it is assunmed that the reproduction of
VOB#2 wi |l fol | WEPhERPeSABGUPRICES ol IVOBIL] SOt et puisstilyle das prowidiled
in VOB#2 is the 15 s %icture data that should be read corresponding to
audi o frames y-2, F§S1I0Anghe. apgichiframe lipscatese immediaidily miteGxdat
includes the augha. ap.may Be ositigoned within any of the first three VOBU
i VOBH2 Wit hou %%Ig?Png fed result, it will not be possible to -
specify the audio gap, meaning that the audio gap will
be lost. To avoid this, the audio frame located
immediately after an audio gap is processed so as to be
arranged at the front of the next audio pack, so that
10 the PTS (audio gap start time A_STP_PTM and audio gap
length A GAP_LEN) of the audio frame immediately after
the audio gap can be clarified within the stream.
Whenever necessary, a Padding—Packef, as prescribed
by MPEG standard, may be inserted immediately after
15 audio data in an audio packet that stores the audio data
to be reproduced immediately before an audio gap. Fig.
14C shows audio pack G3 which includes an audio gap
which includes the audio data y-2,y-1,y to be reproduced
for the audio frames y-2,y-1,y located at the latter
20 part of VOB#l1 shown in Fig. 14B and a Padding_Packet.
This drawing also shows audio pack G4 that includes the
audio frames u+l, u+2, and u+3 that are positioned at
the front of VOB#2.

The above-mentioned audio pack G4 is the pack that

25 includes the audio data that is to be reproduced for the
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20 "one-second rule". Fig. 14D shows that this audio pack G3 that

i ncl udes the audi o gap may be positioned within any of VOBU#1, VOBU#2, and
VOBU#3 at the start of VOB#2. The operation of the audi o decoder needs to
be tenpor awdbyishssl ted for the period of the audio gap. 2FPCTARMMIPs pecause
t he audi o decoder will try to perform 88 t he decode processing even
during the audio gap, so that the host control unit that perforns the core
control processing in a reproduction apparatus has to indicate an audio
pause to the decoder once the reproduction of 5 pi cture data and audi o

oo or sy e ke SRRSO Uyt Huaso

indication is shown as t ause ormation) in Fig.

19. By doing sacktls opetnéi pacRf thhe aydigcdeeqden ¢mmedfateb§ stopped
during the period of the audio gap. However, this does not nmean that the

audi o out put pafobe th@ppgdckegardl ess of how an audio gap appears in the
data. This is because it I1s normal for the control unit to be conposed of a
standard m croconpufer:mndurtifid Wt thd be rsprdiicett foritie audie

ci rcunst ances for stopping the operation of the audi o decoder, should audio
gaps repeéat edEyamecliocdtednimmedhatelpeaifodrothei eaadibhgap is the-
possibility of the control unit not issuing the halt indication
sufficiently éackydedsinna paekpl thewpagk located immediately before

such pack is called an "audio pack including an audio

gap”.

Here, the audio pack G3 is positioned toward the

10 end of the video pack sequence in a VOBU, with no
picture data with a later reproduction time being
included in VOB#1l. However, it is assumed that the
reproduction of VOB#2 will follow the reproduction of
VOB#1, so that picture data included in VOB#2 is the

15 picture data that should be read corresponding to audio
frames y-2, y-1, and vy.

If this is the case, the audio pack G3 that
includes the audio gap may be positioned within any of
the first three VOBU in VOB#2 without violating the

20 "one-second rule". Fig. 14D shows that this audio pack
G3 that includes the audio gap may be positioned within
any of VOBU#1, VOBU#2, and VOBU#3 at the start of VOB#2.

The operation of the audio decoder needs to be

temporarily halted for the period of the audio gap.

25 This is because the audio decoder will try to perform
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20 VOBs of approximately one second in length are reproduced
consecutively, it becones necessary to give-a halt indication to the audio
decoder at i%&;/l\{‘%s of around one second. Wen the control unit is
conposed of ‘a $diar d m croconput er and software, there i SPGTABRIGHTI
possibility that the control unit will not be able to 89 halt the audio
decoder for the period where such audi o gaps are present. Wen reproducing
VOBs, the reproduction tinme of picture data and the reproduction tine of
audi o data 5 have been aligned several tinmes, wi'th it being necessary to

provi de the auditbedeesgsie pirdvessialg evedi eAtriGy MR Yadd B gensd Nenat
control unit is conposed of a standard m croconputer and sof%mare, there is

the possi bi | ity *Rafioske cotinod! umiitt thidtl pedtfdensliie teodd comdkdl t he
audi o decoder for the period where such audi o gaps are present. For this
reason, the fol PSRICRSSLES Ailic i depracducdrifoor appasatilmthaidi® gapscon v
occur once within a predeterm ned period. First, to allow the control unit
to performthe T8 2URAL: PFHELatiCohfi Ceceses, anve rtyer atymtddetissn ask of

VOBs is set. at 1. onds _or _above, thereby reducing the frequency with
audi o gapstsmay %gﬁ}s‘l%%sg@%ﬁda é‘ugilpgﬁlﬁ@ﬁt%@ﬁ emslads priddurskison ti me of

picture data anéeh58r5§9i9dﬂgﬁkﬁﬁgtEE% ghdﬁgdb%cgggi.isThis indication
is shown as the ADPI (Audio Decoder Pause Information)
in Fig. 19. |
By doing so, the Operation of the audio decoder can
10 be stopped during the period of the audio gap. However,
this does not mean that the audio output can be stopped
regardless of how an audio gap appears in the data.
This is because it is normal for the control unit
to be composed of a standard microcomputer and software,
15 so that depending on the circumstances for stopping the
operatioh of the audio decoder, should audio gaps
repeatedly occur during a short period of time, there is
the-possibility of the control unit not issuing the halt
indication sufficiently early. As one example, when
20 VOBs of approximately one second in length are
reproduced consecutively, it becomes necessary to give a
halt indication to the audio decoder at intervals of
around one second. When the control unit is composed of
a standard microcomputer and software, there is the

25 possibility that the control unit will not be able to
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20 only performed once in each VOB. By doing so, there will only be one
audio gap in each VOB. Third, the period of each audio gap is restricted to
bei ng I ess than one audio frane. Fourth, the audio gap start tinme VOB

A STPPTM iwo8§1475%et with the video presentation start tiREINSS pTM 90
WO 99/ 14757 PCT/ JP98/ 04173 of the
followng VOB as a standard, so that the audio gap start tine VOB _A STPPTM
is restricted to being within one audio frame of the follow ng video
presentation start time VOB V.S PTM 5 As a result, VOB V.S PTM -
reproduction pefiotid HIE U EodéREor ¥hs IbeFTdl [ wiste \Elcly Sudld) | f an
audi o gap that satisfies the above fornmula 10 occurs, the first image in
the fol |l ow ng §&Fs vaté pressediaye been displayed, so that even if there in

no audio output at this time, this will not be particularly conspicuous to
the user. By provi dithgnt heprbdve ingsVOBst, | dhe weprosinditdogafsdmes of appear
during seanl ess reproduction, the interval between the audio gaps wll be

at least "1.5 phctums datapanduché orepeoduct bont wbmaudf candigedatanpre
specifically, by substituting actual values, the reproduction period of
each audi & fr dmaveilbeenecalbigmed several times, with it being necessary
to provide the audio decoder with a halt indication
every time. When the control unit is composed of a
standard microcomputer and software, there is the
possibility that the control unit will not be able to
10 halt the audio decoder for the period where such audio
gaps are present. For this reason, the following
restrictions are enforced so that audio gaps only occur
once within a'predetermined period. |
First, to allow the control unit to perform the
15 halt operation with ease, the reproduction period of
VOBs is set at 1.5 seconds or above, théreby reducing
the frequency with audio gaps may occur.
Second, the alignment of the reproduction time of
picture data and the reproduction time of audio data is
20 only performed once in each VOB. By doing so, there
will only be one audio gap in each VOB.
Third, the period of each audio gap is restricted
to being less than one audio frame.
Fourth, the audio gap start time VOB_A STP_ PTM is

25 set with the video presentation start time VOB_V_S_PTM

90
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20 when Dol by AC3 is used, so that the m ninuminterval between audio
gaps is 1436nsec. This interval neans that there is a high probability of
the control wyi %/1‘99 ng able to performthe halt control processi ng wel |
within the deadline for the processing. 25 91 (1- 3- 3- 11) PEI{R8413D
Location Information The audi o gap | ocation information "AGAPLOC' is a
3-bit value that shows into which of the three VOBs |ocated at the start of
the latter VOB the audio pack 5 i ncl udi ng the audi;o gap has been

i nserted. V%encﬁpe first bit inthis value is "1", this shows the audio
gap is present i PllowinchdQfms waystaruandg) uss tRAt afde "3idio
respectively show that the audio gap is present in VOBU#2 or VOBU#3. 10
The reason thi s 3Pag i hdd@es Y0P iAs ITRIPTM iwi | e dier ivstosd s ybé tng
regenerate the %@ gap when .the latter of two VOBs that are to be

seam essly reprdduced FES U D Lmame 1of ddietfal lovingaridad del etion of

the VOB refers ?&e%%%tg%'ogQ§%%&%?Qgpf adgégzﬂit of VOBUs that are

| ocated at the Start or t -anpl e, there are nany

cases during video edi{ing.ywhen the user wishes to renpve the opening
credit sequence. Theq%%leg¥on %?’the VOBUs whi ch include this opening

credit SequUenNcevioB v_s PTM ~ reproduction period of one audio frame

< A_STP_PTM < VOB_V_S_PTM

I1f an audio gap that satisfies the above formula
10 occurs, the first image in the following VOB will just
have been displayed, so that even if there in no audio
output at this time, this will not be particularly
conspicuous to the user.
By providing the above restriction, when audio gaps
15 appear during seamless reproduction, the interval
between the audio gaps will be at least "1.5 seconds -
reproduction period of two audio frames". More
specifically, by substituting actual values, the
reproduction period of each audio frame will be 32msec
20 when Dolby AC3 is used, so that the minimum interval
between audio gaps is l436msec. This interval means
that there is a high probability of the control unit
being able to perform the halt control processing well

within the deadline for the processing.

25
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20 called the "partial deletion of a VOB'. Wen perform ng parti al

del etion, audi o packs.including an audio gap that are noved to a |atter VOB
require special attention. As described above, the audiovggp i S detern1ned
accor di ngwmosiars7vi deo 25 presentation start tinme VOB t he

| atter VOB, 92 so that when some of the VOBUs are del eted fron1the

| atter VOB, the picture data that has the video presentation start tine
VOB V.S PTMthat determ nes the audio gap and the VOBUs for this picture
data will be 5 deleted The audio gap is multiplexed into the one of the
first three_\ : % {GB. ira@ny, when a part of a VOB,
such as the 1 ) |t mﬁll not be clear as to whether the
audi o 10 gaprﬂ\éléu@fdegi)@erbélssimyﬁdfasmatimum GAPt hOG" dkbeti on.

Since the number of audio gaps that may be provided within one VOB is
limted t 3-9A&, viallueS ta30 shewas St thiddl etfe theprtdwiesuYORsdi o gap that is
no | onger needed once a new audi o gap has been generated. 15 As
shown in Fogatk4Datt theastiaxtpadk tE@ tiiedttemilQRiddder REHRIRRYap needs to
be inserted into one of VOBU#1 to VOBU#3 in VOB#2 so as to nply to the
one- Secorichaluidings dheh@udilee gaRlite pRaen Hasast@drde IR ﬁ"&ﬁjdl 0 ‘'gap needs

to be taken out of the packs included in ) .
first bit in this wvalue is "1", this shows the audio gap

is present in VOBU#l. In the same way, the values "2"
and "3" respectively show that the audio gap is present
in VOBU#2 or VOBU#3.

10 The reason this flag is necessary is that it will
be necessary to regenerate the audio gap when the latter
of two VOBs that are to be seamlessly reproduced has
been partially deleted.

The partial deletion of the VOB refers to the

15 deletion of a plurality of VOBUs that are located at the
start or the end of a VOB. As one example, there are
many cases during video editing when the user wishes to
remove the opening credit sequence. The deletion of the
VOBUs which include this opening credit sequence is

20 called the "partial deletion of a VOB".

When performing partial deletion, audio packs
including an audio gap that are moved to a latter VOB
require special attention. As described above, the
audio gap is determined according to the video

25 presentation start time VOB V_S_PTM of the latter VOB,
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20 VOB#1 to VOB#3. Wile this involves a maxi num of three VOBUs, the

I medi ate extraction of only the audio pack G3 that includes the audio gap
is techni cal EP(/gtr,%dlfflcult This means that stream analysis is required.
Here, each Incl udes several hundred packs so that a 25PCTARIBHI} | cant
anount of processing is required to refer to 93 the content of all such
packs. The audio gap | ocation informati on AGAPLOC uses a 3-bit flag to show
into which of the three VOBUs at the start of a latter VOB an audi o pack

i ncluding an audio 5 gap has been inserted, so tthat only one VOBU needs

to be searched v@@ntfll@?bwm@fmmeh@faﬂﬂeovggps g’gésdgﬁgtgat 2t k
extraction of the aud|o<§%fk &3 including the audio gap. Fig. 5 to 15E

show the proceduk@dtger ¥ tthe pigenree alata thathBasughe ¢aBeBy the video
data editing apparatus when the VOBUs | ocated at the start of VOB#2 have
been del eted, oRTHICRRF \BsStarBlinedvaBB#2S_ piwmt that detbeminpsoduged
seam essly. As sho in Fi 15A, the VOBUs, "VOBU#98", 15 - "VOBU#99", and
"VOBU#100" are |"‘8£‘¥.:‘tm% %ng% iRl WIBUEBRAr athli § hpl YORHS, dAVEBIHLYL, be
"VOBU#2", apd " 3" are | ocated at the start of VOB#2. In this exanple,
t he user |nstruc e Video data editing apparatus to performa parti al

deletion to delete Vi 1 oBU#
CpiE aﬁﬁlo gap %s multiplexed into the one of the

first three VOBs at the start of a VOB. Accordingly,
when a part of a VOB, such as the first VOBU, is
deleted, it will not be clear as to whether the audio
10 gap will have been destroyed as a result of this
deletion. 'Since the number of audio gaps that may be
provided within one VOB is limited to one, it is also
necessary to deléte a previous audioc gap that is no |
longer needed once a new audio gap has been generated.
15 As shown in Fig. 14D, the audio pack G3 that
includes the audio gap needs to be inserfed into one of
VOBU#1 to VOBU#3 in VOB#2 so as to comply to the one-
second rule, so that the audio pack that includes this
audio gap needs to be taken out of the packs included in
20 VOB#1 to VOB#3. While this involves a maximum of three
VOBUs, the immediate extraction of only the audio pack
G3 that includes the audio gap is technically very
difficult. This means that stream analysis is required.
Here, each VOBU includes several hundred packs so that a

25 significant amount of processing is required to refer to
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20 in VOB#2. In this case, the audio pack G3 that includes the audio gap
Is required, out of the audio data stored in VOBU#100, but it is known for
certain that this audio pack G3 including the audio gap will be arranged
into 25 weewpfsSVOBU#1, VOBU#2, and VOBU#3 in VOB#2. TEGTRPME 94

VOBU i nto which the audio pack G3 including the audi o gap has been
arranged, the video data editing apparatus refers to the audio gap | ocation
i nformati on AGAPLOC. Wien the audio gap location information A GAP LOC is
set 5 as shown in Fig. 15B, it can be seen that the audi o pack G3

i ncl udi ng thetgddiendanti 8fl agat edchnpyEBE#3 in VOB#2. Once the video data
editi ng apparatus knows that the audio pack G3 including the audio gap is

|l ocated in 10  VOBIMS,audieo Wale dl aked tai cxtli in fryrmgppibomtAISGAR | LOK rnase swhet her
the audio gap was nmultiplexed into the area that was subjected to the
partial del et Bebitl flabetpr ebomt iexanphécht b€ fhei thges VOBHSt aitndhgded in
the deleted area, so that the value of A GAPLCC is only anmended by 15 the
number of VOBStalat ofiepe lastereYOBTRNs avdipl peek theladidngnal éY9%P t he
VOBs, video stream audio stream and VOB information_that is storegﬁon an
optical & sc D8P bRé peescanseriefyi §R. thet only enesyOBUNPESAS: MPcfon of
the Video Data Editing ) , .
searched when looking for the audio gap. This
facilitates the extraction of the audio pack G3
including the audio gap.
Fig. 15A to 15E show the procedure for the
10 regeneration of the audio gap by the video data editing
apparatus when the VOBUs located at the start of VOB#2
“have been deleted, out of two VOBs, VOB#1 and VOB#2Z,
that are to be reproduced seamlessly.
As shown in Fig. 15A, the VOBUs, "VOBU#98",
15 "VOBU#99", and "VOBU#100" are located at the end of -
VOB#1 and the VOBUs, "VOBU#1", "VOBU#2", and "VOBU#3"
are located at the start of VOB#2. 1In this example, the
user instructs the video data editing apparatus to
perform a partial deletion to delete VOBU#1l and VOBU#2
20 in VOB#2.
In this case, the audio pack G3 that includes the
audio gap is required, out of the audio data stored in
VOBU#100, but it is known for certain that this audio

pack G3 including the audio gap will be arranged into

25 one of VOBU#1l, VOBU#2, and VOBU#3 in VOB#2. To find the
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The video data editing apparatus of the present enbodinent is provided with
functions for both a DVD RAM reproducti on apparatus and a DVD- RAM recor di ng
25 appar jg. 16 shows an exanple of the system 95 construction
that incl udg‘gat%?{le"@i deo data editing apparatus of the preseRtT/&MBOHPent .
As shown in Fig. 16, this systemincludes a video data editing apparatus
(hereinafter DVD recorder 70), a renote controller 71, a 5 TV nmonitor 72
that is connected to the DVD recorder 70, and an antenna 73. The DVD
recorder 70 is f@ eived as a device to be used in place of a conventional
vi deo cassette r 48FOf BhitRethecardingpatkt 6Be iinsilod imgo athen shwiidout

al so features eg%%igg fgnctions. The 10  systemillustrated in Fig. 16
shows the case n TRe°BVD PEEBREEH. 78hesvidea deta eddwsnioc appdemtadi ti ng
apparatus. The LV fgmggegﬁribeg.above is used by the DVD recorder 70 as
the recording nedrumfor recorgrng F8PelPSREACBr dadezgasionsA GAP_LOOMen a

DVD-RAM i s | oa | t D.recorder .70, ,the DVD recorder 70 conpresses
a vi deo signalqﬁg?g?gg% %@%Eyhggénggﬁﬁgl9§ 6?98r@éﬁ&8ﬁtﬁaﬁéP_N@§Cl§i@ﬁ&

and records theag eshibdgmn O e VOBs. The DVD recorder 70 al so

deconpresses the vidé%ns?égg%g'agﬁgzg%%ﬂ§%ﬁiBeSFF§5n§ Phcth8eduddor RackoBs

recorded on a I3 BAMwAthgUERY! Sullhs §55ULL1 D9cXEY50 1S 9BRby Y (\TSC Si onal
VOB#2.

Once the video data editing apparatus knows that
the audio pack G3 including the audio gap is located in
10 VOBU#3, the video data editing apparatus will know
whether the- audio gap was multiplexed into the area that
was subjected to the partial deletion. 1In the present
example, the audio gap is not included in the deleted
area, so that the value of A _GAP_LOC is only amended by
15 the number of VOBU that were deleted.
This completes the explanation of the VOBs, video
stream, audio stream, and VOB information that is stored

on an optical disc for the present invention.

20 {l1-4) System Construction of the Video Data Editing

Apparatus

The video data editing apparatus of the present
embodiment is provided with functions for both a DVD-RAM
reproduction apparatus and a DVD-RAM recording

25 apparatus. Fig. 16 shows an example of the system
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and audio signal to the TV nonitor 72. (1-4-1) Hardware Construction of the
DVD Recorder 70 25 : Fig. 17 is a bl ock diagram show ng the hardware
96 construction of the DVD recorder 70. As shown in Fig. 17, the DVD
recorder ABOPYIIShposed of a control unit 1, an MPEG encdaWPs041By; oo
access unit 3, an MPEG decoder 4, a video signal processing unit 5, a
renote controller 5 71, a bus 7, a renote control signal reception unit
8, and a receiver 9. The arrows drawn with solid lines in Fig. 17 show t he
physi cal connections that are achieved by the circuit wiring inside the DVD
recorder 70. ¢bgsbrakenoAalthat! iAesudesannsi vedeshdettheditdngal
connections that indicate the input and output of various kinds of data on
t he connecti oappakatnswofththbepsebedt| embeddmentg aAgi gbowadiini g9 -
operation. The nunerals (1) to (5) assigned to the broken |ines show how
VOBUs and thel&5 thipi systemdangludésaadvaddat dathaeddsipas 8PPFBLYSar e
transferred on the physical connections when the DVD recorder 70_re-encodes
VOBUs. The cortheseipaiter PYDt mecrssersi’@é.cenredrtencentrrllesci’dded the
CPU | a, the processor bus Ib, the bus 20 interface_1c, the main.storage

1d, and thhe RENI menitpy dRe&beitndSpregnartest sPedhen DVRe TREQFCST 596

control unit 1 records, reproduces, and edits VOBs . ,
and an antenng 73. The DVD recorder 70 is conceived as

a device to be used in place of a conventional video
cassette recorder for the recording of television
broadcasts, but also features editing functions. The

10 system illustrated in Fig. 16 shows the case when the
DVD recorder 70 is used as a domestic video editing
apparatus. The DVD-RAM described above is used by the
DVD recorder 70 as the recording medium for recording
television broadcasts.

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

20 audio streams included in the VOBs recorded on a DVD-RAM
and outputs the resulting video signal or NTSC signal

and audio signal to the TV monitor 72.

-4~ rdw nstr i

25 Fig. 17 is a block diagram showing the hardware
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The MPEG encoder 2 operates as follows. Wen the receiver 9 receives an
NTSC signal via the antenna 73, 25 or when a video signal outputted by a

donestic ViQﬁ§9§Zws7 canera is received via the video input termnals
provi ded at € back of the DVD recorder 70, the MPEG encod¢T/P9¥pdHdtes t he

NTSC signal or video signal to produce VOBs and outputs the generated VOBs
to the disc 5 access unit 3 via the bus 7. As a process that
particularly relates to video editing, the MPEG encoder 2 receives an input
of the decoding result of the MPEG decoder 4 from'the connection line Cl
via the bus 7, RNSHAWIAN tafe threokBID |temofddr 2Od QK PekSwh henepggdi ng 10
result for thig_dat%lto t he disc access unit 3 via the bus 7, as shown by
the broken |ing (r5)EheriVyizacongasns s Qs Snipudediest s téaekrdUf 81 38, an
ECC processing unkk,%f, and a drive nechanism 3c for a DvVD-RAM and
accesses the DVD FAWYG $RGOSsTd#nca Wise B cesoninidt Dy dhaMpEBt detodait 1.
In nore deta_il,4 e%j%pe cantral unit 1 gives an indication for recording
on the DVD- RAMd&n VoS BT FFPIRE IR MPEG e Gl eremd thmveoberol ler

successivegly oyhputt as, shown by the broken line (5), the disc 20
access unit 3 s&ér%%?gﬁé%ﬂegeFﬁ@é%90§§qq¥qqu§#qnﬁﬂ<nﬂﬁﬁnﬁlqngummu,Bonce

ECC processingaagﬁaDQ%%eH%%Eo@ned by the ECC processing unit 3b, controls
the drive :

The arrows drawn with solid lines in Fig. 17 show
the physical connections that are achieved by the
circuit wiring inside the DVD recorder 70. The broken

10 lines, meanwhile, show the logical connections that
indicate the input and output of various kinds of data
on the connections shown with the solid lines during a
video editihg operation. The numerals (1) to (5)
assigned to the broken lines show how VOBUs and the

15 picture data and audio data that composes VOBUs are
transferred on the physical connections when the DVb
recorder 70 re-encodes VOBUs.

The control unit 1 is the host-side control unit
that includes the CPU la, the processor bus 1b, 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, reproduces, and edits 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
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mechani sm 3c to successively record these VOBs onto the DVD-RAM 25

On the other hand, when the control unit 1 98 I ndi cates a data read from
a DVD-RAM the disc access unit 3 controls the drive mechanism 3c to
successi vavgswpasy VOBs fromthe DVD-RAM and, once the EGETHFSYMIDi ng unit
3b has perfornmed ECC processing on these VOBs, 5 stores the result in
the track buffer 3a. The drive nmechani sm 3c nentioned here includes a
platter for setting the DVD-RAM a spindle notor for clanping and rotating
the DVD-RAM an optical pickup for reading a signal recorded on the

DVD- RAM  and aghndify i @ttt Bfed Oid NendPFided Dhplitincerdbgaliag and writing
operations are achieved by controlling these conponents of the drive

mechani sm 3¢, pdd i@ ha s Uake QodEK 0bE dates DWD fecorder t70f the MPEE of the
present invention. Since such control can be achi eved using well-known 15

met hods, no famdd@sr eXpbrredédn:ive INTHE gigmal i orthidespetyhiatatPon. Wien
VOBs that have been read fromthe DVD-RAM by the disc access unit 3 are
outputted as producdyVobe amokentpune tH¢, geherdBES WeBadep Bheedbd@s t hese
VOBs 20 to obtain unconpressed digital video data and an audi o signal.

The MPEG5decoalecess ounput3 vhe tineobpsetsedhsi i PEPCGFHebR@Rta to the video
signal processing unit 5 L
particularly relates to video editing, the MPEG encoder

2 receives an input of the decoding result of the MPEG
decoder 4 from the connection line Cl via the bus 7, as
shown by the broken line (4), and outputs the encoding

10 result for this data to the disc access unit 3 via the
bus 7, as shown by the broken line (5).

The disc access unit 3 includes a track buffer 3a,
an ECC processing unit 3b, and a drive mechanism 3c for
a DVD-RAM, and accesses the DVD-RAM in accordance with

15 control by the control unit 1.

In more detail, when the control unit i gives an
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 (5), the disc

20 access unit 3 stores the received VOBs in the track
buffer 3a, and, once ECC processing has been performed
by the ECC processing unit 3b, controls the drive
mechanism 3¢ to successively record these VOBs onto the
DVD-RAM.

25 On the other hand, when the control unit 1
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and outputs the audio signal to the TV nonitor 72. During a video editing
operation, the MPEG decoder 4 25 out puts the decoding result for a video
stream and ayg) 43,1527 streamto the bus 7 via the connections lines C2,

C3, as shown by thé broken lines (2) and (3) in Fig. 17. Th&CHIRWIKIG
result outputted to the bus 7 is outputted to the MPEG encoder 2 via the
connection line Cl1, as shown 5 Dby the broken |ine (4). The video signal
processing unit 5 converts the imge data outputted by the MPEG decoder 4
into a video signal for the TV nonitor 72. On receiving graphics data from
outsi de, the vi dBF1iSAERSE poaEassieng firiom B DVD-RIMNVerHs die: Hamkgs data
I nto an i nage shgngl and perforns signal processing to conbine this inmage
signal with theWihed SPHEECLsTHES shrive sechanisi Gwrlto engfddsEi vy 8

recei ves a renngﬁaéogbﬁoller signal and inforns the control unit 15 1 of
the key code incFaed™ri Fﬁ@mngﬁapwﬁaRﬁNatame contter dlheurBAC rage eid@r m

control in acco&ﬂ c 1 user. operations of the renote controller 71.
(1-4-1-1) Interna?E gﬁ?@%gcPFSEOG%ePhgcﬁPEG°Eﬁ@@d@@ Drpkhese VOBsHig. 18 is

a bl ock di agr anyglpuLngy,Lh truction of the MPEG encoder 2. As shown in
Fig. 18, the MPEG g%%o E% geggﬂgo&ﬁogbﬁ sFagkybyddeandader 2a, a video

buffer 2b for stori ngHd& WP Ye Had{ls, Vgéjert?efgi(:gggé here includes a

platter for setting the DVD-RAM, a spindle motor for
clamping and rotating the DVD-RAM, an optical pickup for
reading a signal recorded on the DVD-RAM, and an

10 actuator for the optical pickup. Reading and writing
operations are achieved by controlling these components
of the drive mechanism 3c, although such control does
not form part of the gist of the present invention.
Since such control can be achieved using well-known

15 methods, no further explanation will be given in this
specification.

When VOBs that have been read from the DVD-RAM by
the disc access unit 3 are outputted as shown by the
broken line (1), the MPEG decoder 4 decodes these VOBs

20 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 outputs the_audio signal to the TV monitor 72.
During a video editing operation, the MPEG decoder 4

25 outputs the decoding result for a video stream and audio
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2a, an audi o encoder 2c, an audio buffer 2d for storing 25 t he out put of
t he audi o encoder 2c, a stream encoder 2e 100 for multiplexing the
encoded video streamin the video buffer 2b and the encoded audio streamin
t he audi owpdsilers72d, an STC (System Time C ock) unit 2f PETIRBR&Y3ting the
synchroni zati on cl ock of the MPEG encoder 5 2, and the encoder control
unit 2g for controlling and managi ng these conponents of the MPEG encoder

2. (1-4-1-2) Internal Construction of the MPEG decoder 4 Fig. 19 shows the
construction of the MPEG decoder 10 4. As shown in Fig. 19, the MPEG

decoder 4 is §@£@,grﬁe€o Ofhé JiesH tHDh exes dénnécicies bihésercap,ca, vaseo
a

decoder 4c, an audio buffer 4d, an audi o decoder 4e, a reordering buffer

4f, an STC unifiodd. bgWhENSBokM 1Oné¥V(2pngh@ (BrotlerFignt1idl uRhe 4k. 15
The denul tipl exer 4a refers to the header of a packet that has been read

froma VOB ange¢odges westberotbpurtaedots phekisusr? vsdewtpatkedofOaudi o
packs. The denultipl exer 4a outputs video data in packs judged to be video
packs to the vhecdPbGfércodér advaadtbe daoanéat Pon 1§@€kéljuﬂ§e§h98nbe
audi o packs to the audio buffer 4d. The video buffer 4b is a buffer for
accunul asi ng bydebedarakehatine é#l putted by the denultipl exer 4a. Each set

of picture data in the video buffer 4b is stored ;wngl its q?CQHF ti me when
it is taken fromt e video signal processing unit converts e

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
10 converts the graphics data into an image signal and
performs signal processing to combine this image signal
with the video signal.
The remote contfol signal reception unit 8 receives
a remote controller signal and informs the control unit
15 1 of the key code included in the signal so that the
control unit 1 can perform control in accordance with

user operations of the remote controller 71.

(1-4-1-1) Internal Construction of the MPEG Encoder 2

20 Fig. 18 is a block diagram showing the construction
of the MPEG encoder 2. As shown in Fig. 18, the MPEG
encoder 2 is composed of a video encoder 2a, a video
puffer 2b for storing the output of the video encoder
2a, an audio encoder 2c, an audio buffer 2d for storing

25 the output'of the audio encoder 2c, a stream encoder 2e
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25 video buffer 4b. 101 The vi deo decoder 4c takes out sets of picture
data fromthe video buffer 4b at their respective decode tines and
instantly d %gg?s the data. The audio buffer 4d is a buffer for -
accunulating' 19%he audi o data outputted by the denul ti pl ECENPEP4ne
audi o decoder 4e successively decodes the audio data stored in the audio
buffer 4d in franme units. On receiving ADPl (Audi o Decoder Pause

I nformation) issued by the control unit 1, the audi o decoder 4e halts the
10 decode processing for audio frame data. The ADPI is issued by the
control unit 1 fthremulsiplescon thertenieoddesvidgoagdireafapnstaet vihes
ASTPPTM shown by the seam ess linking information. The reordering buffer 4f
is a buffer fobufifey kp idnd the crcodédgandsol §tpéakhenviHeoadageder 4c
when it has decoded an | picture or P picture. The reason the decodi ng
results for | REEifedr an (G ufSester Bime edloski hahith2fefiondi ng or der
was originallygfroduced by rearranging the display order. Accordingly,
after every 20 9eTHSIRATE S ynHperi 2t twrpthgeld OEfbhe MBEGdenoddeg
results stgredd%n Hﬂg reordering buffer 4f has been decoded, the reordering
buffer 4f dut pdt's 3He Y SRRPTEAREIQE ekt h2g hEer ocenbredlingi andr es

and P p'Cturesﬂgﬁéahﬁgn¥%é§éﬂggmponents of the MPEG encoder 2.

(1-4-1-2) Internal Construction of the MPEG decoder 4

Fig. 19 shows the construction of the MPEG decoder

10 4. As shown in Fig. 19, the MPEG decoder 4 is composed
of a demultiplexer 4a, a video buffer 4b, a video
decoder 4c, an audio buffer 4d, an audio decoder 4e, a
reordering buffer 4f, an STC unit 4g, switches SW1 to
SW4, and a decoder control unit 4k.

15 The demultiplexer 4a refers to the header of a
packet that has been read from a VOB and judges whether
the various packs are video packs or audio packs. The
demultiplexer 4a outputs video data in packs judged to
be video packs to the video buffer 4b and audio data in

20 packs judged to be audio packs to the audio buffer 4d.

The video buffer 4b is a buffer for accumulating
video data that is outputted by the demultiplexer 4a.
Each set of picture data in the video buffer 4b is

Stored until its decode time when it is taken from the

25 video buffer 4b.
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25 The STC unit 4g generates the synchroni zation clock 102 t hat
shows the system clock for use in the MPEG decoder 4. The adder 4h outputs
a val ue produced by adding the STCoffset to the standard cl ock showi by the
5 synchwoni/rasi on cl ock as the offset standard cl ock. PCTABRIeMIX ol unit
1 calculates this STCoffset by finding the difference between the video
presentation start tinme VOB V.S PTM and the video presentation end tine
VOB V. E PTMthat are given in the seam ess |inking 10 i nformation, and
sets the STCoffset in the adder 4h. The switch SW supplies the

dermul ti pl exer 4a‘@ﬁé‘&fﬁéénégFﬁgékt4émt S gﬂggﬁ%?grgf otid dgcor the

of fset standard tine outputt y the a swtch SW2 supplies the

audi o decoder sdgmWth8 +2deot BeEEEANGBY dtt LHR: PERsUpeELDyet BecEAE unit 4g or
the offset standard tinme outputted by the adder 4h. The supplied standard

tinme or offsetimsbandaddihbtBntiyuaedotiescehkatigthhe decode tine and
presentation start tinme of each audio frane. 20 The switch SWB

suppl i es the videcritecnsiio dsufifdd 4dieistarsiatfet i fier neacumetabinghe STC
unit 4g or the offset standard time outputted by the adder 4h. The supplied
st andar d st i metbe affiset dstandutputted by tibeddemudslipieserhdadecode-time of
each set of picture data.

The audio decoder 4e successively decodes the audio
data stored in the audio buffer 4d in frame units. On
receiving ADPI (Audio Decoder Pause Information)  issued
by the control unit 1, the audio decoder 4e halts the

10 decode processing for audio frame data. The ADPI is
issued by the control unit 1 when the present time
reaches the audio gap start time A _STP_PTM shown by the
seamless linking information.

The reordering buffer 4f is a buffer for storing

15 the decoding result of the video decoder 4c when it has
decoded an I picture or P picture. The reason the
decoding results for I pictures or P pictures are stored
is that the encoding order was originally produced by
rearranging the display order. Accordingly, after every

20 B picture that should be displayed before the decoding
results stored in the reordering buffer 4f has been
decoded, the reordering buffer 4f outputs the decoding
results of the hitherto stored I pictures and P pictures

as an NTSC signal.

25 The STC unit 4g generates the synchronization clock
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25 The switch SW supplies the reordering buffer 4f 103 with the
standard tine neasured by the STC unit 4g or the offset standard tine
out putted bﬁ,&@ﬁ“%qder 4h. The supplied standard tine or offset standard
time is used to collate the presentation start time of eacKIEFHHB
pi cture data. The decoder control unit 4k recelives a decode processing
request fromthe control unit or an integer multiple o : ichis
q f h I it 1f [ g I tipl f VOBUs, which i
to say an integer multiple of GOPs, and has the decode processing 10
performed by all of the conmponents fromthe denultiplexer 4a to the
reordering buf FBRt4shogss sheosyséen \Glogka fical iudd nivalttte IMPRE ald@sdder t he
reproducti on out put of the decoding result, the decoder control unit 4k has
t he decodi ng résults of the video 15 decoder 4c and the audi o decoder 4e
outputted to the oqiside i f the indication is valid, or prohibits the
output of the decodtRy F4e¥t4hoPutREtSi Acvaliveonepducednyt Addingi the
decoder 4e to Egg og%si%e | f bge Indication is invalid. 20 The
val i d/invali'd PRdCACEEh ESntHE §iteeRars cdoskaishewnumist theat a vi deo
stream such ag ' field. ., ILnformation that indicates the valid
section o# t he Vé%bgga\éklgggoggfﬁﬁfﬂﬁ r"i'svi%g"@o ofifset shandard Glqdkt vathel
reproduction sgght@B1l 0h9t™! Q9 culates this STC_offset by finding the
difference between the video presentation start time
VOB_V_S_PTM and the video presentation end time
VOB_V_E_PTM that are given in the seamless linking
10 information, and sets the STC_offset in the adder 4h.
The switch SW1 supplies the demultiplexer 4a with
the standard time measured by the STC unit 4g or the
offset standard time outputted by the adder 4h.
The switch SW2 supplies the audio decoder 4e with
15 the standard time measured by the STC unit 4g or the
offset standard time outputted by the adder 4h. The
supplied standard time or offset standard time is used
to collate the decode time and presentation start time
of each audio frame.
20 The switch SW3 supplies the video decoder 4c with
the standard time measured by the STC unit 4g or the
offset standard time outputted by the adder 4h. The
supplied standard time or offset standard time is used

to collate the decode time of each set of picture data.

25 The switch SW4 supplies the reordering buffer 4f
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25 104 (1-4-1-2-1) Timng for the Swtching of Swtches SWW~SW Fig. 20
Is atimng chart of the timng for the swtching of switches SWL. to SW.
This timng chart shows the switching of switches SWL to SW when seanl ess
5 repr oMQeY143%7 of VOB#1 and VOB#2 is perforned. The FRSPEP¥UIT of Fig.
20 shows the pack sequences that conpose VOB#1 and VOB#2, while the m ddle
part shows the video frames and the | ower part shows the audio frames. The
timng for the switching of switch SW is the 10 poi nt where the pack
sequence that is transferred to the MPEG decoder 4 changes from VOB#1 to
VOB#2. This &jin ithd ndiasi=ad aSindend AaiRcR by tHe SEadess 4g nkat ng

I nformati on of VOB#1. The timng for the switching of swwtch SW2 is the 15
poi nt where tdre affsft tdwmmiaicd wate dutputer OByt hetie iaddgwr4. | Thee
audi o buffer 4d before the switching of switch SW, which is to say VOB#1,
has been deccugxhliBwe standard d:rlmehwlsvaﬂﬁﬂﬂmgsilﬁnmci chirgypis 18 poi nt
where the all of the video data in the VOB that is 20 stored in the

vi deo buf f er tb dedflate tthe owessntatiomeyan wimes i grdwaet i ch is to
say VOB#1, has been decoded. The timng for the swtching of smntch SWM is
the poi n® dumiFulfe daFoducti on of VOB#1 where the | ast

The decoder control unit 4k receives a decode
processing request from the control unit 1 for an
integer multiple of VOBUs, which is to say an integer
multiple of GOPs, and has the decode processing

10 performed by all of the components from the
demultiplexer 4a to the reordering buffer 4f. Also, on
receiving a valid/invalid indication for the
reprodﬁction output of the decoding result, fhe decoder
control unit 4k has the decoding results of the video

15 decoder 4c and the audio decoder 4e outputted to the
outside if the indication is valid, or prohibits the
output of the decoding results of the video decoder 4c
and the audio decoder 4e to the outside if the
indication is invalid.

20 The valid/invalid indication can be given for a
smaller unit that a video stream, such as for a video
field. Information that indicates the valid section of
the reproduction output in video field units is called
valid reproduction section information.

25
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25 video franme has been reproduced. 105 The prograns stored in the
ROM | e include nodul es that enable two VOBs that have been recorded on the
DVD- RAM to oG oduced seam essly. 5 (1-4-1-2-2) Procedure for the
Seam ess Processing of VOBs Figs. 21 and 22 are flowcharts BRI The
procedure that seamlessly links two VOBs in an AV file. Figs. 23A and 23B
show an anal ysis of the buffer state 10 for each video pack. Figs. 24A
and 25 show the audio franes in the audio streamthat correspond to the
audio frames x, x+1, y-1, y, u+l, u+2, and u+3 nentioned in Fig. 22. The
followi ng i s ar<edslaxatilofistinhefo E R inigc fng SeBschebNSWILOEWS
of Fig. 21, the control unit 1 perforns the calculation VOB_V_E PTM of
former VOB ni nus VOB19-S2PTHSof tamisg wbBrito odbttiien timer@T G Seie | n st ep

S103, the contraol. uQ{t 1 %g%%xzes t he changes in the occupancy of the
butfer from t h&2¢FCRIAY QisGYidicher Ik e SIS t Thhe diwbue ehartime of

all of the datg.,n t fornmer VOB. Figs. 23A and 23B show the anal ysis
process for t h%hgggu%(j}?cfwgf%%%lﬂﬁ W ideTher nilL | o s$H wies. sewmhesideo

ack #1 a Vi are. i ded 25 in the forner VOB as shown in
Eig. 23A”q?he %%%E%ﬂd&ﬁ?%n of &33#& and VOB#2 is performed. The upper

(wincnong O

part of Fig. 20 shows the pack sequences that compose
VOB#1 and VOB#2, while the middle part shows the video
frames and the lower part shows the audio frames.
The timing for the switching of switch SW1 is the
10 point where the pack sequence that is transferred to the
MPEG decoder 4 changes from VOB#l to VOB#2. This time
is indicated as the Last_SCR in the seamless linking
information of VOB#1.
The timing for the switching of switch SW2 is the
15 point where the all of the audio data in the VOB that is
stored in the audio buffer 4d before the switching of
switch SW1l, which is to say VOB#1, has been decoded.
The timing for the switching of switch SW3 is the
point where the all of the video data in the VOB that is
20 stored in the video buffer 4b before the switching time
(T1) of switch SW#1, which is to say VOB#1, has been
decoded.
The timing for the switching of switch SW4 is the
point during the reproduction of VOB#1 where the last

25 video frame has been reproduced.
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106 SCR#2, and DTS#1 included in these video packs are plotted on the
time axis. After this, the data size of the data included in video pack #1
and video pack #2 is calculated. 5 Aline is plotted starting from
SCR#1 wi t hwolsendsstrate infornmation in the pack header as RFFF§e%M7%ent

until the data size of video pack #1 has been plotted. After this, the data
size of video pack #2 is plotted starting from SCR#2. Next, the data size
of the picture 10 data P1 that is to be decoded is renoved at DTS#1

This data size of picture data Pl is obtained by analyzing the bitstream

After plotting therl@é‘tﬁrédgz?&ﬁsOétéf‘édViﬁe@h@aRbﬁ 2801 ptThde emdatiBesn this
way, the buffer state of the 15 video buffer 4b fromthe first SCRto the

DTS can be pl ghkedeasbaedtaphvoBg thiatghiahe Haew mecoedete ohothal DVDF- the
vi deo data and audio data in a VOB, a graph showing the state of the buffer

can be obtai ngdM &® deoweprodbiced 38Bml123sly. In step S104, the control
unit 1 perforns the sane analysis as in step S103 for the latter VOB, and
so anal yzes the changes in the occupancy of the video buffer fromthe
First SCR of the latter VOB to the decode end tinme LastDTS of all the data
in the | &ter(254-1y@R2) Procedure for the Seamless Processing of- -
YOBs
Figs. 21 and 22 are flowcharts showing the
procedure that seamlessly links two VOBs in an AV file.
Figs. 23A and 23B show an analysis of the buffer state
10 for each video pack. Figs. 24A and 25 show the audio
frames in the audio stream that correspond to the audio
frames x, x+1, y-1, y, u+l, u+2, and u+3 mentioned in
Fig. 22. |
The following is an explanation of the re-encoding
15 of VOBs. 1In step S102 of Fig. 21, the control unit 1
performs the calculation VOB V_E_PTM of former VOB minus
VOB V_S_PTM of latter VOB to obtain the STC_offset.
In step S103, the control unit 1 analyzes the
changes in the occupancy of the buffer from the
20. First SCR of the former VOB to the decode end time of
all of the data in the former VOB. Figs. 23A and 23B
show the analysis process for the occupancy of the
buffer performed in step S103.

When video pack #1 and video pack #2 are included

25 in the former VOB as shown in Fig. 23A, the SCR#1,

106
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107 In step S105, the control unit 1 analyzes the changes in the
occupancy of the video buffer fromthe First SCR of the latter VOB + STC
offset to tQ@ &Q§§§7DTS of the former VOB. This period fromthe FirstSCR of
5 the |atte! + STCoffset to the LastDTS of the data iFFHReMPrer voB
is when the first picture data of the latter VOB is being transferred to
the video buffer 4b while the last picture data of the fornmer VOB is stil
stored in the video buffer 4b. 10 Wien the video data of the fornmer
VOB and the latter VOB coexist in the buffer, the buffer state will be as
shown in Fig. SOB#2l,nakidgDTHGC, ined udeded rbufedye 4h dddRscid dere dat a of
both the former VOB and the latter VOB during the period fromthe 15

First SCR+STC pipt&ed: omnt tthel admeDERisni t AfWr-BMA g etes eddtiangside df ghest
occupancy of the video buffer 4b during this period. In step S106, the
control unit 1tBEnfAERs iprdugiest iac vésiecumiacks #lo arehdriden tpacle #20BLS t hat
are | ocated 20 at the end of the forner VOB. After this, in step S107
the control unFRlfYdgRefols the disc access unit 3 to read the three VOBUs

that are hPcated at tre front ff the latter VOB. Fig. 23C shows the area
that shoul™ be read™ft+bRf 255 PLAELEE, FEATVERT ﬁrgrnegCSﬁéerthntheg. "23C,

the former bitrate information in the pack header as the gradient,
until the data size of video pack #1 has been plotted.
After this, the data size of video pack #2 is plotted
starting from SCR#2. Next, the data size of the picture

10 data Pl that is to be decoded is removed at DTS#1. This
data size of picture data Pl is obtained by analyzing
the bitstream.

After plotting the data sizés of the video packs
-and picture data in this way, the buffer state of the

15 video buffer 4b from the first SCR to the DTS can be
plotted as a graph. By using the same procedure for all
of the video data and audio data in a VOB, a graph
showing the state of the buffer can be obtained, as
shown in Fig. 23B.

20 -In step S104, the control unit 1 performs'the same
analysis as in step S103 for the latter VOB, and so
analyzes the changes in the occupancy of the wvideo
buffer from the First_SCR of the latter VOB to the

decode end time Last DTS of all the data in the latter
25 VOB.
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108 VOB i ncludes the VOBUs #98-#105, so that the VOBUs #103 to #105 are
read as the VOBUs that include the picture data V_END that shoul d be
decoded last. Fig. 23D, shows the area that should be read fromthe latter
VOB in st &0 ®14757S107. In Fig. 23D, the former VOB i ncl uBE$IPHO4378BUSs
#1~#7, so that when the VOBU #1 conmes first, VOBUs #1 to #3 should be read
as the VOBUs that include the picture data VIOP. According to the
one-second rule, there is a 10 possibility that the audi o data and

pi cture data that should be reproduced within one second are stored across

three VOBUs, so tRat s@é %al‘é)'sngttﬂéeéo'}‘{ lvgﬁéﬁaﬁ%lao g_éltsztae%: mhd end of a

VOB, in step S106, all 6f the’'picture ata an 0 be reproduced
bet ween a pO'éHax%Eé‘sl thé SeRtbdn O dher iy el Albeprepdrtomeripé the

picture data V_E ocated at the end of the forner VOB and this

presentation efikt i SR idSelHe CRI H&r el 4 0t NeFEs S0 the SLePr BPF, al |
of the picture data and audi o data to be reproduced between the

present ation &P the sfaimes iVEBof Thes ppetibe thvm dhd Pitocaserl af the
start of the latter VOB and a point one second after this presentation
start tibe carhdelataar t\WQRtHheSTC | ofEdmul o behendbasit DB ¢fietheaddtan this
flowchart are performed for VOBU units, although the reads may instead 25
be perforned ¥mrthéefqimner rEOBai s wheh ke of et pheture data of the

latter VOB is being transferred to the video buffer 4b
while the last picture data of the former VOB is still
stored in the video buffer 4b.

10 When the video data of the former VOB and the
latter VOB coexist in the buffer, the buffer state will
be as shown in Fig. 10C. In Fig. 10C, the video buffer
4b stores video data of both the former VOB and the
latter VOB during the period from the

15 First_SCR+STC_offset to the Last DTS, with Bvl+Bv2
represénting the highest occupancy of the video buffer
4b during this period.

In step S106, the control unit 1 controls the disc
access unit 3 to read the three VOBUs that are located

20 at the end of the former VOB. After this, in step 85107
the control unit 1 controls the disc access unit 3 to
read the three VOBUs that are located at the front of
the latter VOB.

Fig. 23C shows the area that should be read from

25 the former VOB in step S106. In Fig. 23C, the former
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109 to be reproduced in one second, out of all of the picture data and
audi o data included in a VOBU. In this enbodi nent, the nunber of VOBUs that
correspond to one_second is three, although any nunber of VOBUs may be re-
5 encoded YORHAHI may alternatively be performed for pictRET&PIHIA73and
audio data that is to be reproduced in a period |onger than one second.
Next, in step S108 the control unit 1 controls the denultiplexer 4a to
separate the VOBUs for the first 10 part and the last part into a video
stream and an audi o stream and has the video decoder 4c and the audio

decoder 4e decoWeBt hesdusieseshe. VOBUsNGIBe+~§ab 5, egbodHEEI @Re VBBRUZCHAGIING
results of the video decoder 4c and the audi o decoder 4e will be outputted
as video 15 ah@ #48boarewreadr eserrhed VOBUsS thart dmslthdd @My afictiase
decoding results should inputted into the MPEG encoder 2, so that the
control unit 1 A&§et NeE¥PdEbast shatnlandet e cadidico IststeamRifg .t [2SDle ceitbwig

resul ts out put %g the bus 7, as shown by the arrows (2) and (3) 20 t hat
are drawn with BPEKk8FeRi kB8t fhprdd Pe read intey ther darbten VdRe iauditep

streamthat; are %Q? dEcogLng results are transferred via the bus 7 in order
to the MPEG encB8udr - 21Ra&189hodn Dy thee fORAREN VIOBnd ncddes ttdve (MOBIS t he

control unit 1 at t.,he 2 appunt._of code for the re-encodi ng of
t he decoded vidggL9#+’ §§ that “when Qge VOBU #1 comes first, VOBUs #%

to #3 should be read as the VOBUs that include the
picture data V_TOP.
According to the one-second rule, there is a
10 possibility that the audio data and picture data that
should be reproduced within one second are stored across
three VOBUs, so that by reading the three VOBUs at the
start and end of a VOB, in step 5106, all of the picture
data and audio data to be reproduced between a point one
15 second from the presentation end time of the picture
data V_END located at the end of the former VOB and this
presentation end time itself can be read together.
Also, in step S107, all of the picture data and
audio data to be reproduced between the presentation
20 start time of the picture data V_TOP located at the
start of the latter VOB and a point one second after
this presentation start time can be read together. It
should be noted that the reads in this flowchart are
performed for VOBU units, although the reads may instead

25 be performed for the picture data and audio data that is
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110 stream and decoded audi o stream by the MPEG encoder 2. First, in
step S109, the control. unit 1 judges whet her the accunul ated anount of data
in the buffer exceeds the upper limt of the buffer at any point in the
decodi ng Swosminzsr t he fornmer VOB and the |atter VOB coexiRITAPASAME puffer.
In the present enbodinment, this is achi eved by judgi ng whether the val ue
Bvl +Bv2 cal culated in step S105 exceeds the upper limt of the buffer. If
this val ue does not exceed the upper limt, the processing 10 advances to
step S112, or if the value does exceed the upper |imt, the control unit 1

subtracts the (xRS S-epRIdiced 50U JdAd hafalslatied Ayt and
assigns the resulting anount of code to the decoded VOBU sequence. 15

| f the anount afctende datadesieasrio dita MAIiddte i & woBwualld ythfs t he
video streamw || decrease during the reproduction of these VOBUs. However,

overflows in tdodidemthuithey ntimbasstohHa/qBURY ezl cdrerespead esslonég i nki ng
two VOBs, so that this nethod that decreases 20 picture quality is used.
In step S111, sewrcbrity dihnes,t all tdentgiolanw imedede it SI0BIEs ey derkaide t he
decoding results of the video decoder 4c and the audi o decoder 4e according
to the anbunt esfcasiath afsagisedan aitgrretiovelerke nerfonad &fder - 2
perforns a decode to 25 tenporarily convert the pixel values in the video
dat a picture data and audio data that is to be reproduced in
a period longer than one second.
Next, in step S108 the control unit 1 controls the
demultiplexer 4a to separate the VOBUs for the first
10 part and the last part into a video stream and an audio
stream, and has the video decoder 4c and the audio
decoder 4e decode these streams. During normal
reproduction, the decoding results of the video decoder
4c and the audio decoder 4e will be outputted as video
15 and audio. When re-encoding is performed, however,
these decoding results should inputted into the MPEG
encoder 2, so that the control unit 1 has the video
stream and the audio stream of the decoding results
output to the bus 7, as shown by the arrows (2) and (3)
20 that are drawn with broken lines in Fig. 17.
The video stream and the audio stream that are the
decoding results are transferred via the bus 7 in order
to the MPEG encoder 2, as shown by the broken line (4).

After this, the control unit 1 calculates the

25 amount of code for the re-encoding of the decoded video
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into digital data in a YUV coordinate system Digital data in such a YW
coordinate systemis digital data for the signals (lum nance signal (Y),

chr om nanceysy (U V)) that specify colors for a color TV, with the 5
vi deo decodg?hgggﬁé-encoding.this digital data to:produce SETEPEOEBCture

data. The technique used for the assigning of an anobunt of code is that
described in MPEQ DI S(Draft International Standard) Test Model 3.
Re-encodi ng to reduce the amount of code is achieved by 10 processes such
as replacing the quantization coefficients. Note that the amobunt of code
from whi ch the %Fg“&‘% b ifcoded saudien stbkamddedthayMbPEGasatgded 2o only
the latter VOB or _to only forner VOB. In step S112, the control unit 1
cal cul ates whi FHEH7 PhriteR $HO deehrlieentresliunibrlt fredgesi wheahart aken
s to the audio franme x that includes the

fromthe for nertl,%%ccorr O“Qéj !
STCof f set +Fi rst_ oY tEOYEB. OF 3%y, ipdphe thief fenpexcaeds the
buf fer state fqp, e v/B and Latter VOB while the |ower part 20
shows the audio franes of t%e%%u%%ra e RRARA AT ohf thee fdeaedingl and
e Sendneine o ke, 08 SRR Sl DR S e R tee
bet ween each AuiREd ameanthd % dddie mnodilénd 4% YEPehletls SPPO"
judging whether the value Bv1i+Bv2 calculated in step
5105 exceeds the upper limit of the buffer. If this
value does not exceed the upper limit, the processing

10 advances to step S112, or if the value does exceed the
upper limit, the control unit 1 subtracts the excess
amount of code A from the calculated amount and assigns
the resulting amount of code to the decoded VOBU
sequence.

15 If the amount of code is decreased, this means the
picture quality of the video stream will decrease during
the reproduction of these VOBUs. However, overflows in
the video buffer 4b must be prevented when seamlessly
linking two VOBs, so that this method that decreases

20 picture quality is used. In step S111, the control unit
1 controls video decoder 4c to re-encode the decoding
results of the video decoder 4c and the audio decoder 4e
according to the amount of code assigned in step S110.

Here, the MPEG encoder 2 performs a decode to

25 temporarily convert the pixel values in the video data
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line drawn fromthe point shown as First SCR+STC offset in the graph

I ntersects one audio frane out of the audio frame sequence for the forner
VOB. The audio frame that intersects this descending 5 line is the audio
frame x, awomssaudio frane x+1 fol lowing i nredi ately afRGHRO¥4lFR: f nal
audi o data included in the former VOB. It should be noted that the data in
the audio frames x and x+1 is included in the audio data that should be
reproduced during a period 10 that is indicated by points 1.0 seconds
before and after the reproduction period of the final picture data VEND,

with this bei nﬂn\,}']&caﬂ?dﬁgail gaé@& LR geyBsor8flate SY8Pe®105Difigal 24B

shows t he case ere Fi r st SCR+STC of f set mat ches an audi o frane

boundary in thgafDrersyél. al vut htSof@staté heyatehoisrapgitatedataefyr
before the boundary is set as the audio frame x. In step S113, the control

unit 1 cal cul a¢les $h¢n20s (lamithenéeastgyall (Yp} chromiesntdéesignal
STCof fset+VOB_ V.S PTM of the latter VOB. In Fig. 24A the descending line

drawn fromthe(vwjdep thasespatibp sdhorstfor ¥OBoVos PIMHETthfthet in the
graph intersects one audio frane in the audio frame sequence of the latter
VOB. 25 5 Thevided odécadert hat réenerceding this digibadi dateihe is 113
produce sets of picture data. The technique used for
the assigning of an amount of code is that described in
MPEG2 DIS(Draft International Standard) Test Model 3.
Re-encoding to reduce the amount of code is achieved by
10 processes such as replacing the quantization |
coefficients. Note that the amount of code from which
the excess amount A has been subtracted may be assigned
to only the latter VOB or to only former VOB.
In step S112, the control unit 1 calculates which
15 part of the decoding result for the audio data taken
from the former VOB corresponds to the audio frame x
that includes the STC offset+First_SCR of the latter
VOB. In Fig. 24A, the graph shows the buffer state for
the former VOB and latter VOB, while the lower part
20 shows the audio frames of the audio data separated from
the former VOB and the audio frames of the audio data
separated from the latter VOB. The audio frame
sequences in the lower part of Fig. 24A show the
correspondence between each audio frame and the time

25 axis of the graph in the upper part. The descending

112
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the audio franme y+1. Here, the audio franmes up to the precedi ng audio frane
y are the valid audio frames that still used after the editing has been
performed, oqut of the original audio data included in the fornmer VOB. 5
Fig. 24C sh¥®°MB" case where the video presentation start PCTHRI8/04173

VOB V_S PTM+STCof f set matches an audi o franme boundary in the fornmer VOB. In
this case, the audio frame imedi ately before the video presentation start
time VOB V S PTMSTC offset is set as 10 the audio frame y. In step S114,
the audio data fromthe audio frame x+2 to the audio frame y is taken from

the former audi bidatdrawhnffbm. tRéApoihe sHEWA hsamesskr emrawdico Jeram y+1
onwar ds have been drawn with a broken line, showing 15 — that this part is

not mul tipl exedinntbethrapOBintétrsebonl dnbeanaiedrirbae bae afdithel HaED
that have been noved to the latter VOB will have been assigned tine stanps
for the fornmer %&mnesseqghencehfer thei SofmareYOBLe reassigned time stanps
for the latter VOB. 20 i In step S115, the audio frane u inmmedi ately
after the audio fram® matdindnans that bouwresgctet viebs déscandingfranmes y
and y+1 is detefted fromthe audio frame sequence of the latter VOB. Wen a
descendi ng®l i net1R€ gt k¢ r 3wt Pef BemAdRr yand the audio framesxyland y+1,

25 this |ine P‘ii intersect .one of the audio franes in the 114
ollowing Immediately after is the final audio data

included in the former VOB. It should be noted that the
data in the audio frames x and x+1 is included in the
audio data that should be reproduced during a period
10 that is indicated by points 1.0 seconds before and after
the reproduction period of the final picture data V_END,
with this being included in the three VOBUs read in step
5105. |
Fig. 24B shows the case where the
15 First_ SCR+STC_offset matches an audio frame boundary in
the former VOB. In this case, the audio frame -
immediately before the boundary is set as the audio
frame x.
In step S113, the control unit 1 calculates the
20 audio frame y+l1 that includes the STC_offset+VOB_V_S PTM
of the latter VOB. In Fig. 24A, the descending line
drawn from the video presentation start time
VOB_V_S_PTM+STC_offset in the graph intersects one audio
frame in the audio frame sequence of the latter VOB.

25 The audio frame that intersects this descending line is
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audi o frame sequence of the latter VOB. The audio frame that follows this
i ntersected audio frane is the audio frane u. Fig. 24D shows the case where
the presentation end 5 time of the audio franme y matches an audi o frane
boundary iwostipi7s7atter VOB. In this case, the audio fran@GTReMMATely after
this presentation end tine is set as the audio frane u. In step S116, the
audi o pack 4, which includes an 10 audi o data sequence where the audio
data reproduced for the audio frame u is arranged at the front is generated
fromthe audio streamin the latter VOB. In Fig. 24A the audio frames that

precede audi 0 theamRd '34arReen 10" AW A, . BREINQD fraiRes Wi htd Rire audi o
data shown 15 using a broken line not being multiplexed into the latter

VOB. As a resylrieceldisieRudibl £raikb yahee tHd&aaud audala fraaed ehdd rst
audio frame to the audio frame x+1 is nultiplexed into the forner VOB. The

audi o data frenidd usddafredi ehie AW Ny thad e e foramee ,y cartd dfhe
audio data fromthe audio frane u to the final audio frane is nultipl exed
into the |attaheVORidBynglermiin mgtalinqllugeadign rthehifornmer, Wi audi o
frames for the audio data at the end of the former VOB will be read from
the 25 5 DVD- RAM Bigt hd4€aasbovsnthascpset wherdathet madeps to be 115
presentation start time VOB _V_S PTM+STC_offset matches
an audio frame boundary in the former VOB. In this
case, the audio frame immediately before the video
presentation start time VOB_V_S_PTM+STC_offset is set as

10 the audio frame vy.

In step S114, the audio data from the audio frame
x+2 to the audio frame y is taken from the former audio
data. In Fig. 24A, the audio frames frdm audio frame
y+1 onwards have been drawn with a broken line, showing

15 that this part is not multiplexed into the VOB. It
should be noted that the audio frames that have been
moved to the latter VOB will have been assigned time
stamps for the former VOB, so that these audio frames
are reassigned time stamps for the latter VOB.

20 In step S115, the audio frame u immediately after
the audio frame that includes the boundary between the
audio frames y and y+1 is detected from the audio frame
sequence of the latter VOB. When a descending line is

drawn from the boundary of the audio frames y and y+l,

25 this line ﬁill intersect one of the audio frames in the

114



reproduced further ahead in the reproduction. At this point, when the audio
data in the fornmer VOB is not present as far as franme y, which is to say
the audio d 9ham§hort, silent audio franme data is:5 inserted to
conpensate for tha'insufficient number of frames. Ih the s&CERE8M41Then t he
audio data in the latter VOB is not present starting fromaudio franme u,
which is to say the audio data is short, silent audio frane data is
inserted to conpensate for the 10 -insufficient nunber of franes. Wen the
audio frames fromjthe_ audio frame x+2 to the audio frane y in the forner
VOB and the aud¥itEraneseueenceli of ftheelattert et i n@headdigof FagRei N
the latter VOB ian%%#flexed into the latter VOB, attention 15 needs to
paid to the AV‘QVHE M i ML s Akntepepcted Fagdig4Arame ispthduatidan gap
occurs between the audio frame y and the audio frame u, and if nultiplexing
Is perfornmed w T8 QEgard to this reproduction gap, a | oss of

synchroni zati on mﬁlli cc?z 20 whereby the audio frame u will be
reproduced before tRadcofrEsSho¥sndhR Fese rmhnre Themuesrntaiomerdse of

such tinme 4ags NEEH [ nd video, a tine stanp show ng the audio
25 d to e}qﬁgl%u%“f%“epa%léﬁ?c%s an audig §5a®E, in step

frame u nay be assigne
S117, a Paddi ngsdiafdedty Om e 1atter VOB. 1In this case, the audio

frame immediately after this presentation end time is
set as the audio frame u.
In step S116, the audio pack G4, which includes an
10 audio data sequence where the audio data reproduced for
the audio frame u is arranged at the front is generated
from the audio stream in the latter VOB. 1In Fig. 24a,
the audio frames that precede audio frame u have been
drawn with a broken line, with this audio data shown
15 using a broken line not being multiplexed into the
latter VOB.

As a result of steps S114~S116 above, the audio
data from the first audio frame to the audio frame x+1
is multiplexed into the former VOB. The audio data from

20 the audio frame x+2 to the audio frame y and the audio
data from the audio frame u to the final audio frame is
multiplexed into the latter VOB. By performing
multiplexing in this way, the audio frames for the audio
data at the end of the former VOB will be read from the

25 DVD-RAM at the same time as picture data that is to be
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stuffing bytes are inserted into the pack which includes the data of the
audio frane y so that the audio frane u is not stored in the pack storing
the audio frane y. As a result, the audio frame u is located at the start
of 5 thewoew47sack. In step S118, the VOBU sequence t haRCTHENUWT} ed at
the end of the former VOB is generated by nultiplexing the audio data up to
the audio frame x+1, out of the audio data extracted fromthe VOBUs | ocated
at the end 10 of this former VOB, with the video data that has been
re-encoded. In step S119, the audio data in audio frane x+2 onwards is

mul tipl exed Wi tdpidigicddlogsaier tAddad SieHacisrddet ide. VOBUs | ocated at
the start of the 15 |atter VOB to generate the VOBUs that shoul d be

arranged at the fromt tofist pRinal,t ehe¥iOBhel audiodidata He ¢dre fidrmenit 1 has
t he audi o pack G3, which includes the audio data sequence fromthe first
audi o frane xR20B a4 heotausitesdntanes yfamndad herdie v PaduliciyPhsked,sand t he
audi o pack G4, which includes the audio data sequence fromthe audio frane
u onwards in ttke laudss 40 il shetexesilent awdio efeamedddtdi 8#®o data and
has the stream encoder 2e generate the VOBUs that are to be arranged at the
start of Bhe |inserted to\@mpengate rfex| thefinsnEf hedenh BWReT ¢he audio

frames 117 . .
frames. In the same way, when the audio data in the

latter VOB is not present starting from audio frame u,
which is to say the audio data is short, silent audio
frame data is inserted to compensate for the

10 insufficient number of frames.

When the audio frames from the audio frame x+2 to
the audio frame y in the former VOB and the audio data
from the audio frame u to the final audib frame in the
latter VOB is multiplexed into the latter VOB, attention

15 needs to paid to the AV synchronization.

As shown in Fig. 24A, an reproduction gap occurs
between the audio frame y and the audio frame u, and if
multiplexing is performed without regard to this
reproduction gap, a loss of synchronization will occur

20 whereby the audio frame u will be reproduced before the
corresponding video frame.

To prevent the increase of such time lags between
audio and video, a time stamp showing the audio frame u
may be assigned to the audio packet.

25 To do so, in step S117, a Padding-Packet or
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at the end of the audio data of the former VOB wll be read fromthe

DVD- RAM at the sane tinme as sets of picture data that will be reproduced at
alater ting, Fig. 25 shows how the audio packs that store a 5 lurality
of sets of 3ﬁﬂpggﬁéta to be reproduced for a plurality of JﬁHPB”WﬁHﬁes are
mul ti pl exed with video packs that store picture data that is to be
reproduced for a plurality of video franes. In Fig. 25, the transfer of the
pi cture data VTOP 10 that shoul d be decoded at the start of the latter
VOB will be conpleted within the period TfPeriod. The pack sequence

arranged bel ow $tusf ey i opt d Peréodnsarted. idBoShAWSphR® RAsks thalueeEpose
the picture data VIOP. In Fig. 25, the audio pack G3 that includes the 15

audi o gap st or eshe hdaksatef cfthauaudidafaame2y Yolthitt bRk an@ibofkame u
reproduced for the audio frames x+2, y-1, y. O the sets of audio data
stored in this BdROL psekredhinfthet packbstdeindethesatidocafitamedgt.a As2.
This audi o data x+2 should be decoded at the 20 presentation end tinme of
the audio frame? x49SUbhd Bhespedia Sramead isobpchtebVBtRANEt sgerheofi t h
t he picturg data VTOP whose pack sequence is transferred during the sane
period (Tf ericﬁﬁea%e¥%ép%ﬁhio frame x+1. As a result, this audio data is

i nserted between 25 t he vi ack sequence P51, which stores the picture
118 In g%ep §¥¥§f)éﬁe VOBU sequence that is located gt

the end of the former VOB is generated by multiplexing
the audio data up to the audio frame x+1, out of the
audio data extracted from the VOBUs located at the end

10 of this former VOB, with the video data that has been
re—-encoded."

In step S119, the audio data in aﬁdio frame x+2
onwards is multiplexed with the videb data that is
extracted from the VOBUs located at the start of the

15 latter VOB to generate the VOBUs that should be arranged
at the front of the latter VOB.

In detailf the control unit 1 has the audio pack
G3, which includes the audio data sequence from the
first audio frame x+2 to the audio frame y and the

20 Padding Packet, and the audio pack G4, which includes
the audio data sequence from the audio frame u onwards
in the latter VOB, multiplexed with the re-—encoded
video data and has the stream encoder 2e generate the
VOBUs that are to be arranged at the start of the latter

25 VOB. As a result of this multiplexing, the audio frames
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data VTOP, and the video pack sequence P52, as shown at the bottom of Fig.
25. In the audio pack (4 that stores the sets of audio data u, u+l, and u+2
that are to be reproduced for the 5 audio frames u, u+l, and u+2,” the
audi o dat awp9prsa780 be decoded first. This audi o data u sheaER/¥PIseHIEecoded at
the presentation end tinme of the audio frame u-1, so that this audio data u
shoul d be read fromthe DVD-RAM together with the picture data V_NXT whose
pack sequence 10 is transferred during the same period. As a result,
this audio data u is inserted between the video pack sequence P52, which

stores the picture data, VLT t he, Vi deo ck se - [ stores
the pictur epdaatt \}—'?W%I?das()fs %I\A%%Jtﬂedaoéo% t%fmgc(a)r?e ﬁ%ﬂﬁ%c&i%%lw kgé]As
shown above, t | qﬁﬁg 1 | %%Ai i | S\# hserted

bet ween t he vigﬁao&;%(ﬁ“ sequeﬁes@lﬁﬁéﬁé&% : %Jﬁ%@t%eg%}dél 3°fpack A is

i nserted bet W%ﬁrbﬁxhﬁe \d£ep Haak vﬁ%%@eﬁegﬁﬁ?d@é‘éh Rh3,a ther &P ye Gaapl eti ng

the multiplexing. 20 After this, in step S120 the control unit 1

inserts the FirstSgRgangdsLanb®eRnel the hediey pddksattaltalstereVa@B, the
seanless flag, the VOB V.E PTM and the VOB VS PTMinto the seanl ess

| i nki ng i®f or metural fy dhesdty nef alldB.o |datsd eps e XeprothRi&t? , féidiea cont r ol
25 unit 1 wites all of the information relating to the 119
plurality of audio frames are multiplexed with video
packs that store picture data that is to be reproduced
for a plurality of video frames.
In Fig. 25, the transfer of the picture data V_TOP
10 that should be decoded at the start of the latter VOB
will be completed within the period Tf_Period. The pack
sequence arranged below this period Tf_ Period in Fig. 25
shows the packs that compose the picture data V_TOP.
In Fig. 25, the audio pack G3 that includes the
15 audio gap stores the sets of audio data x+2, y-1, y that
are to be reproduced for the audioc frames x+2, y-1l, VY.
Of the sets of.audio data stored in this audio pack, the
first to be decoded is the audio data x+2.
This audio data x+2 should be decoded at the
20 presentation end time of the audio frame x+1, and so
should be read from the DVD-RAM together with the
picture data V_TOP whose pack sequence is transferred
during the same period (Tf_Period) as the audio frame

x+1. As a result, this audio data is inserted between

25 the video back sequence P51, which stores the picture
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audi o gap, which is to say the audio gap start tinme, A STP_PTM the audio
gap length A GAPLEN, and the audio gap location information A GAP LOC into

t he seanl es l.nking information. 5 After the above processing, the
control uni ?vdl%ﬂgisé?t he end of the fornmer VOB, the start of APPSU B VOB,

and the seanmless linking information witten onto.the DVD-RAM The video
packs and audi o packs that store the 10 vi deo data and audi o data
obt ai ned t hrough the above re- encoding are assigned SCRs w th ascending
val ues. The initial value of the assigned SCRs is-the value of the SCR of

t he pack ori gi f&tay V. JQRedrat tihee witded mick eqiatcs WSELte6 sowheat
re-encodi ng. 15 Since the SCRs show the tinme at which the respective
vi deo packs andPfuliarteaeief $Hew @%e inputted into the video buffer 4b and
t he vi deo decoder 4&, if there is a change in the anpbunt of data before and
after re-encoding, I WPl 2B8iRePaskaf¢ thatpssoee20thet betslofeauwiid he
SCRs. Even ifdphis I s the case, however, the decoding process will still
be carried out 985 &et Y or AR 2 Hhatt Rrestms beorreproducem cloiedtiie r st
part of t | att.er. V re bel ow.the SCRs of the video packs in the

r emai ni ngr})garttao 1t°hg%a§t SeP VB Irh @RS 31+2 e Rudic dd.13 2o be

decoded first. This audio data u should be decoded at
the presentation end time of the audio frame u-1, so
that this audio data u should be read from the DVD-RAM
together with the picture data V_NXT whose pack sequence

10 is transferred during the same period. As a result,
this audio data u is inserted between the video pack
sequence P52, which stores the picture data V_TOP, and
the video pack sequénce P53 which stores the picture dat
V_NXT, as shown at the bottom of Fig. 25.

15 As shown above, the audio pack G3 that includes the
audio gép is inserted between the video pack sequences
P51 and P52, while the audio pack G4 is inserted between
the video pack sequences P52 and P53, thereby completing
the multiplexing.

20 After this, in step S120 the control unit 1 inserts
the First SCR and Last_SCR of the former VOB and latter
VOB, the seamless flag, the VOB_V_E PTM, and the
VOB_V_S_PTM into the seamless linking information for
the former VOB. 1In steps S121 and S122, the control

25 unit 1 writes all of the information relating to the
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The PTS and the DTS are assigned in accordance with the video franes and
audio franmes, so that there will be no significant change in their val ues
when re-encoding is perforned. As a result, continuity of the DIS-PTS is 5
mai Nt ai nedwiowimssn t he data not subjected to re-encodi ng BEARHMIGHt a in
the re-encoded area. To reproduce two VOBs seam essly, non-continuity in
the tinme stanps nust be avoided. To do so, the control unit 1 judges in
step S123 of Fig. 22 whether 10 over |l appi ng SCRs have appeared. If this
j udgenent is negative, the processing in the flowhart of Fig. 22 ends. If

over | appi ng SRR BAPRAR @ id e e Willdid g ceshst toiméep S124
where it cal cul ates the excess anount based on the nunber of packs that

have 15 the pvars o NGHRCRudid hears idricth UNIGAE RN, ded wins dwdisd ep
S110 to repeat the Tre-encoding, basing the anount of assigned code for the
repeat ed re- ergagli Ingcaini drhi in foamesstsi eAINGAR. LOG Shoovthsy sémnkesdw (5) in
Fig. 17, the six VOBUs 20 t hat have been newly nmultipl exed by the
processing i n Hinkimkp infformatpigned to the disc access unit 3. The disc
access unit 3 then wites the VOBU sequence onto the DVD-RAM |t shoul d be
noted thad while tBAEterokbieasboye Precessing,2the gontrode sriithds hdige

seam ess linking of two VOBs, 121
the end of the former VOB, the start of the latter VOB,

and the seamless linking information written onto the
DVD-RAM.
The video packs and audio packs that store the

10 video data and audio data obtained through the above re-
encoding are assigned SCRs with ascending values. The
initial value of the assigned SCRs is the value of the
SCR of the pack originally located at the start of the
area subjected to the re-encoding.

15 Since the SCRs show the time at which the
respective video packs and audio packs should be
inputted into the video buffer 4b and the video decoder
4c, if there is a change in the amount of data before
and after re-encoding, it will be necessary to update

20 the values of the SCRs. Even if this is the case,
however, the decoding process will still be carried out
correctly provided that the SCRs for the re-encoded
first part of the latter VOB are below the SCRs of the
video packs in the remaining part of the latter VOB that

25 was not re-encoded.
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the sane processing may be used to link two sections of the sane VOB. For
the exanple shown in Fig. 6B, when deleting the VOBUs #2, #4, #6, and #8,

t he vVOBU Io§%hﬁa,g§fore each deleted part may be seam essly linked to the 5
VOBU | ocat e %HPU&F t he del et ed pack by the processing in FiFGIIPE04ER_d 22
The followng is a description of the reproduction-procedure for seam essly
reproduci ng two VOBs that have been seanlessly |linked by the processing
descri bed 10 above. Wen the user indicates the seanl ess reproduction of
two or nore VOBs recorded in an AV file, the control unit 1 first refers to
the seam ess flag i Then@Teanckdshd DS ngre s IGrie@N ©f adberdahcerwVeB. | f

this seamless 15 flag is "on", the control unit 1 sets the tinme obtained
by subtracting ¥ Video Pramestandoaudiar frames, VEB YhStPENeet whall akt er
VOB fromthe video presentation end time VOB_V_E PTM of the former VOB to
obtain the STCH?s2tInFheCaphi¢hrngai in1thedn Matuehewhdn radeémcodhingdd t he
STCoffset to thge stanga%éééinn measured_by STC unit 4g. After this, the
buffer input tih® BFTse of RhefBefBitvoernhinvitEdobythreDESaRTEsds

| i nki ng in%or lon is ¢ red with the standard tinme neasured by the STC
25  unit g.%le‘ﬂt%’n%e‘gtr@% Tt the dabanesttapbiertedstr resencoding

and the data in the re-encoded area.

To reproduce two VOBs seamlessly, non-continuity in
the time stamps must be avoided. To do so, the control
unit 1 judges in step S123 of Fig. 22 whether

10 overlapping SCRs have appeared. If this judgement is‘
negative, the processing in the flowchart of Fig. 22
ends. If overlapping SCRs have appeared, the control
unit 1 proceeds to step S124 where it'calculates the
€xcess amount A based on the number of packs that have

15 the overlapping SCRs. The control unit 1 then returns
to step S110 to repeat the re-encoding, basing the
amount of assigned code for the repeated re-encoding on
this excess amount A.

As shown by the arrow (5) in Fig. 17, the six VOBRUs

20 that have been newly multiplexed by the processing in
Fig. 22 are outputted to the disc access unit 3. The
disc access unit 3 then writes the VOBU sequence onto
the DVD-RAM.

It should be noted that while the flowchart of Fig.

25 21-Fig. 22 describes the seamless linking of two VOBs,
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the control unit 1 controls the switch SW. to switch to output the offset
standard tinme outputted by the adder 4h instead of the standard tine
outputted by the STC unit 4g. After this, the control unit 1 switches the 5
st at es of wbeysast ches SW2~SWF in accordance with the ti rGI4PEHMTS i n Fi g.
20. Wth the present enbodi nent, seanl ess reproduction of a plurality of
VOBs can be achi eved by readi ng and re-encoding only the respective ends
and starts of the 10 VOBs. Since the re-encoded data is only the VOBUs

| ocated at the start and end of the VOBs, the re- encoding of VOBs can be

achi eved in a¢ygy Béﬂ?é)rﬁrc}dé?sirﬁ#){n%é}i B uMid & d he di QSR s UHITRIK

descri bes a case where "seam ess ng i nformation Is nmanaged for 15

each VOB, the tHdf oz ivaB t halord $HE @il d Yhdhie iseailgesH,i nitidlg of VOBs
may be collectively provided. As one exanple, the video presentation end

time VOB_V_E RENedithd the/ivimurHEsetgt i308) drif t#g, ihe/OOBY SdcEdddat are
used to cal cul ate the STCof fset 20 are descri bed as being given in two
separ at e set s beffo#@B eadlordedidtey gamugiast hes sgemldes g iamkesi thee tdean ess
l'inking information of the latter VOB. \Wen doing so, it is desirable for
t he VOB i%f or MQBWrldaatiart |afien rfhe retliagred gaakh oyprideemradessiad 40 ne of
the 25 previous VOB (PREV_VOB V E PTM. 123
Figs. 21 and 22.
The following is a description of the reproduction
procedure for seamlessly reproducing two VOBs that have
been seamlessly linked by the processing described
10 above.
When the user indicates the seamless reproduction
of two or more VOBs recorded in an AV file, the control
unit 1 first refers to the seémless flag in the seamless
linking information of the latter VOB. If this seamless
15 flag is "on", the control unit 1 sets the time obtained
by subtracting the video presentation start time
VOB_V_S_PTM of the latter VOB from the video
presentation end time VOB _V_E PTM of the former VOB to
obtain the STC offset. The control unit 1 then has the
20 adder 4h add the STC_offset to the standard time -
measured by STC unit 4g.
After this, the buffer input time First_SCR of the
former VOB indicated by the seamless linking information

is compared with the standard time measured by the STC

25 unit 4g. When the standard time reaches this First_SCR,
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In the same way, it is preferable for information that is the final SCR in
the former VOB (PREVWOBLASTSCR) to be included in the seam ess |inking
informatio foohdpg, | atter VOB. 5 In the present enbodi nent, the DVD
recorder 70 was described as being a device that takes thePhFRE04Y3
conventional (non-portable) donmestic VCR although when a DVD-RAM i s used
as the recording nediumfor a conputer, the follow ng system setup nay be
used. The 10 di sc access unit 3 may function as a DVD-RAM drive devi ce,
and may be connected to a conputer bus via an interface that conplies to
SCSI, |DE or |EHr@3gantrahdaniit Lncenthoascane, sivhiechVBWLeser &eittd Wd |

I nclude a 15 control unit 1, an MPEG encoder 2, a disc access unit 3, an
MPEG decoder 4,°3tRVHebhs| ghfisepr standang tinme butputeed pycehier adder 71, a
bus 7, a renote,control signal reception unit 8, and a receiver 9. In the
above embodi ment? REEedgref gkBer shandasdotimeboutguatel bypltéeedTC

conbi nation of a vtd 0 st% am and. an audi o stream although sub-picture
data produced by’ b?%cti gtﬂﬁt5h+§r ghet FeREzoLoundh- Lesytibhchesodtieg may

al so be nukti pl | N VOBS. vi deo_stream conposed of sets of stil
i mge datagnay a %ge% 6§u¥??p?%£tﬁ$e§55W2”SW4 in aeerrdsncet Wathbohe -

enbodi ment  descy{hes. t &g 184 n Fig. 20.

With the present embodiment, seamless reproduction
of a plurality of VOBs can be achieved by reading and
re-encoding only the respective ends and starts of the

10 VOBs. Since the re-encoded data is only the VOBUs
located at the start and end of the VOBs, the re-
encoding of VOBs can be achieved in a very short time.

Note that while the present embodiment describes a
case where seamless linking information is managed for

15 each VOB, the information that is required for the
seamless linking of VOBs may be collectively provided.
As one example, the video presentation end time
VOB_V_E_PTM and the video presentation start time
VOB_V_S_PTM that are used to calculate the STC_offset

20 are described as being given in two separate sets of VOB
information, though these may be given as the seamless
linking information of the latter VOB. When doing so,
it is desirable for the VOB information to include
information for the presentation end time of the

25 previous VOB (PREV_VOB V E PTM).
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case where the re-encoding of data is perfornmed by the MPEG decoder 4 after
the VOBs have been decoded by the MPEG encoder 2. However, during the
re-encoding the VOBs may instead be directly inputted fromthe disc 5
access uni waewa7rhe MPEG encoder 2 without prior decodi n§CTAPRSOMTEsent
enbodi ment describes the case where one picture is depicted using one
frame, although there are cases one picture is in fact depicted using 1.5
frames, 10 such as for a video stream where 3:2 pulldown is used with

I mages for 24 frame per second being subject to conpression, inn the sane

way as with film meterimd Samdedyf Q%%é’%x‘%&a@:ﬁé’fﬂd@rﬁqf&ﬁﬁmﬁ ed by
the flowcharts in this first embodi nent (Figs. 21-22) may be 15 real i zed

by a machine | gngtage HeIEanaYISCR fRYytRe gbshékbvbed and sol d having been
recorded on a recording medium Exanples of such recording nediumare an I C

card, an opti caPREVSEOBOLASTf BORpytdise. inbeudadhinethangaantepsogr am .
recorded on the recording nmedi um nmay 20 then be installed into a standard
per sonal conpulénkin@yiskermaétignt b€ thet ddtedrn¥OBi ne | anguage prograns,
t he standard personal conputer can achi eve the functions of the video data

editing apparatus din tthe mresent emkafliment, Aheg YD recorder 70 was

described as being a device that takes the place of a
conventional (non-portable) domestic VCR, although when
a DVD-RAM is used as the recording medium for a
computer, the following system setup may be used. The
10 disc access unit 3 may function as a DVD-RAM drivé
device, and may be connected to a computer bus wvia an
interface that complies to SCSI, IDE or IEEE1394
standard. |
In such a case, the DVD recorder 70 will include a
15 control unit 1, an MPEG encoder 2, a disc access unit 3,
an MPEG decoder 4, a video signal processing unit 5, a
remote controller 71, a bus 7, a remote control signal
reception unit 8, and a receiver 9.
In the above embodiment, VOBs were described as
20 being a multiplexed combination of a video stream and an
audio stream, although sub-picture data produced by
subjecting data for subtitles to run-length encoding may
also be multiplexed into VOBs. A video stream composed
of sets of still image data may also be multiplexed.

25 In addition, the above embodiment describes the
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Second Enbodi nment Wiile the first enbodi ment deals with a prem se that
seam ess linking is perforned for VOBs, this second enbodi nent descri bes

t he seanl es inking of a plurality 5 of parts of VOBs. |In this second
embodi ment , af(#eg;slg-}%arts of a VOB are specified using tine iRATORAHMIBN t hat

i ndi cates video fields. The video fields referred to here are units that
are smaller than one video frane, with the tinme information for video
fields being 10 expressed using the PTS of video packs. The parts of a
VOB that are specified using tine information for video fields are called
cells, and the faserwherentbsedefencoddngabiftngathese pelifdrimecdy atheel |

i nformation. Cell information is recorded in the 15 RTRW managenent file
as one el ement MREGhdepedernf opfhierohhe THOBdehaivies beknt kiecdalieal tgnwiheaict i on
and generatiogéﬁf &ell i nformation and PGC information is given in the
fourth embodi ment-c FPRCO98T showsHewarpresduringetiel re-endiodined the 20
the video fieleﬁgéor the.start and the end. In Fig. 26, the sets of tine
i nformation C PTRRY P ECEF\Pe petreGtiKe inpusser Srem ghet Bdsstart and
end of a cgll. L 9. he tj lL.pformation C V.S PTMis the
present ati on st%??g%gn%gg? g g?dtggfkgﬁﬁ SRCRArPENZt HaThops PragpEt ure in
VOBU#100 t hat f@g@@dggg_part of the present 126
The present embodiment describes the case where one
picture is depicted using one frame, although there are
cases one picture is in fact depicted using 1.5 frames,
10 such as for a video stream where 3:2 pulldown is used
with images for 24 frame per second being subject to
compression, inn the same way as with film materials.
The processing module software represented by the
flowcharts in this first embodiment (Figs. 21-22) may be
15 realized by a machine language program which may be
distributed and sold having been recorded on a recording
medium. Examples of such recording medium are an IC
card, an optical disc, or a floppy disc. The machine
language program recorded on the recording medium may
20 then be installed into a standard personal computer. By
executing the installed machine language programs, the

standard personal computer can achieve the functions of

the video data editing apparatus of the present

- embodiment.

25
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VOB shoul d be reproduced. In the same way, the time information C V_E PTM
Is the presentation end tinme of a video field at which the Bl picture in
VOBU#105 that forns one part of the same VOB should be reproduced. As 5
shown in FvgesPBs7 the tine information C VS PTM and C V_EPOTAPEMB fy a
section froma P picture to a B picture as a cell. (2-1) Reconstruction of
G&OPs 10 When seanml essly linking parts of a VOB that are indicated by
time information, it becomes necessary to use two processes that were not
required in the first enbodinent. First, the construction of the GOPs has

to be reco”StE#EkﬁﬂLEﬁ&ﬁﬁ@ﬁﬁ%%i;he section indicated by the 15 tine
Information iNnTO a separate , and second, the increases in buffer

occupancy due to tRgilecenst iest oemBbdGebathaka1sowheheat pireinéde The
reconstruction of GOPs refers to a process that changes the construction of

GOPs so that thatseeiames30 l1inking dal e rfdrmect|forhaORshe tiricpereatigpl ay
order and coding order. Mire specifically, when a section to be linked is
i ndi cat ed by esblodinfemtmatesa,ibelse tdec are s ecss dsi nidigvee ofh aediltunag ifdindar y
is defined mdway through a VOBU, as 25 shown in Fig. 28A. If this is
t he case,5t he afiwpasdid ©f1¥PBs. In this second embodiment, these - -

parts of a VOB are specified using time information that

indicates video fields. The video fields referred to

'~ here are units that are smaller than one video frame,
with the time information for video fields being
10 expressed using the PTS of video packs.

‘The parts of a VOB that are specified using time
information for video fields are called cells, and the -
information used for indicating these cells is called
cell information. Cell information is recorded in the

15 RTRW management file as one element in the PGC
information. The details of tﬁe data construction and
generation of cell information and PGC information is
given in the fourth embodiment.

Fig. 26 shows examples of the cells indicated by

20 the video fields for the start and the end. In Fig. 26,
the sets of time information C_V_S_PTM, C_V_E_PTM
specify the video fields at the start and end of a cell.

In Fig. 26, the time information C_V_S_PTM is the

presentation start time of a video field at which the P

25 picture in VOBU#100 that forms one part of the present

126

i



to be linked will not have a proper display order or coding order. In order
to rectify the display order and coding order, the reconstruction of GOPs
is perforne | 5 processi ng based on the three rules _shown in Fig.
28B. Vhen tﬁ%ﬂéhaéf picture data in the display order of aPFETRBFEI| is a
B picture, the processing based on the first rule re-encodes this picture
data to convert it into a P picture (or an | picture). The P picture in 10
the forward direction that was referred to by the B picture is |ocated
before the B picture in the coding order. However, this P picture will not
be displ ayed af¥@® sheulkdike neproducedi s el ehedsanenvhhe VYEB. tWhen the
first picture data in the encodi ng order 15 of the latter cell is a P

pi cture, the prigteamafiomsed’ o PT¥ seconel pnésentathondendt bimepbeEt dr e
data to convert_jt to_an | picture. Wien the first set or consecutive sets
of picture dat ¥@¥IER nElfd Raywvichrtke Bhepiature el VOBG#2DE Bhao

pi ctures, the ngcessin based on the third rule re- encodes this picture
data to conver t*F%® P Rire atEhensane e sioubdsbaorepapguoadt heAs
correl atiog Wi tg}mq’;rper [ e32 hat. have previously been reproduced.

Herei naftet, irMayes fof of* & ctRf et R alnfeEmakion 26_V_BePT¥sapd " -

correlation w té‘_\}_@_g@ﬁdt%cfff Q/eéect:é)igr(la Jj.’xggm a P picture to a B

picture as a cell.

{2-1) Reconstruction of GOPs

10 When seamlessly linking parts of a VOB that are
indicated by time information, it becomes necessary to
use two processes that were not required in the first
embodiment. First, the construction of the GOPs has to
be reconstructed to convert the section indicated by the

15 time information into a separate VOB, and second, the
increases in buffer occupancy due to the reconstruction.
of GOPs have to be estimated.

The reconstruction of GOPs refers to a process that
changes the construction of GOPs so that the section

20 indicated as a cell has the proper display order and
coding order.

More specifically, when a section to be linked is
indicated by cell information, there can be cases where
an editing boundary is defined midway through a VOBU, as

25 shown in Fig. 28A. If this is the case, the two cells
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di splayed will called Forward-B pictures. (2-2) Estimating the Increase in
Buf f er Occupancy When the picture types of certain i mages have been 5
changed by the processing based on the three rul es descri bed above, the
processi ngwbes/149st i mati ng the increases in buffer occuparRGA/BE$N4E} es t he
si zes of these converted sets of picture data. Wien the reconstruction
descri bed above is 10 performed for the fornmer cell, the final picture
data in the reproduction order of the forner cell is converted froma B
picture to a P picture or an | picture, thereby increasing the size of this

data. Wen thtq-hJ §LONS Mo} %L% a%)ﬁséreosée}r t]éiosfpltp‘ﬁéf&%&d d0r the

| atter cell, e picture data Tocat codi ng order of

the final celloddifPrmeided froma P picture to an | picture, and the
picture type of the video data |ocated at the front of. the display order is

converted to a Forwar drBeRi &bUrectd®y thEhidsphay oreeeases dedisigze of the
data. The followng is an explanation of the procedure for estimating the

i ncreases in (Aders athd htdcaoonrpeiion ef GORLIE Qe foimed wisidgype. Fig.
29A and 29B will be used to explain this procedure. 25 In Fig. 29A
the firstscel lpmmessiues Easddiromstheetd®» rules shown in Fig. 28B.
When the final picture data in the display order of
a former cell is a B picture, the processing based on
the first rule re-encodes this picture data to convert
it into a P picture (or an I picture). The P picture in
10 the forward direction that was referred to by the B
picture is located before the B picture in the coding
order. However, this P picture will not be displayed
after the editing, and so ié deleted from the VOB.
When the first picture data in the encoding order
15 of the latter cell is a P picture, the processing based
on tﬁe second rule re-encodes this picture daté to
convert it to an I picture.
When the first set or consecutive sets of picture
data in the display order of the latter cell is/are B
20 pictures, the processing based on the third rule re-
encodes this picture data to convert it to picture data
whose display does not rely on the correlation with
other images that have previously been reproduced.
Hereinafter, images formed of picture data that only

25 relies on correlation with images that are yet to be
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B picture B3. According to the above rules, the video data editing
apparatus has to convert this B picture B3 to.the P picture P1. Wien the B
picture B3 is q endent on the P picture P2 that is reproduced after the B
5 picture ¥R picture type conversion process will i PESNBMEB t he
necessary information of the P picture P2 into the P picture P1' that is
produced by the conversion process. In view of this procedure, the video
data editing 10 apparatus -can estimate the data size of the P picture Pl
that is obtained by the conversion process using a sumof the size of the B
pi cture B3 and diiswldyves ofiltlhea Jud tRewwdRi-F pscestédnt i on nethod nerely
represents one potential nethod, however, so that other nethods are 15
equal |y possible. By determ ning the amount of code for use in re-encoding
based on the estjmated buffer occupancy, the video data editing apparatus
can assi gn an efsralSRiadingr taeddngragse fior Muf fed | Oamnabd ad

Fi gs. 30A and 30B S@OM/hOM/the I ncreases in buffer occupancy that acconpany
changes in picture

t he data.fgon1t & %Egg%}ugﬁlBB onwards belongs to the latter VOB. Each cel

i s deternihed n &t RSOSSN AP hared on tihe sthiree ofules cel |, so

130 i
described above, the processing for estimating the

increases in buffer OCcupancy estimates the sizes of
these converted sets of picture data.

When the reconstruction described above is

10 performed for the former cell, the final picture data in
the reproduction order of the former cell is converted
from a B picture to a P picture or an I picture,. thereby
increasing the size of this data.

When the reconstruction described above is

15 performed for the latter cell, the picture data located
at the start of the coding order of the final cell is
converted from a P picture to an I picture, and the
picture type of the video data located at the front of
the display order is converted to a Forward-B picture.

20 This also increases the size of the data.

The following is an explanation of the procedure
for estimating the increases in data size that accompany
the conversion in picture type. Fig. 29A and 29B will
be used to explain this procedure.

25 In Fig. 292, the first cell continues as far as the
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that the B picture B3 is the picture data |located at the start of the

di splay order of the latter cell. As a result, the video data editing
apparatus needs to convert the B picture B3 into the Forward-B picture B 5
accor di ng wo ob/@st ul es gi ven above. When this B picture BIIRGHATE

I nformati on conponent that is dependent on the previously reproduced P
picture P2, this information conponent of the P picture P2 will have been

i ncorporated into the Forward-B B' picture during the 10 pi cture type
conversion. In view of this procedure, the video data editing apparatus can

estimate the datd 8ize ofs tNAJALD BoPifiliepdle Hiled,s 1l disees by the

conversion process using a sumo size of the B picture B3 and the size

15 of the PGl W theg BRparidsfihhe t¥ RBonitetV i i cdidd HB

apparatus needs to convert e picture type of the picture data | ocated at

the start of thetpRdipngietdsle PBY. I Hhenl ithe 180 gilke ulies B3V sOdégemienthe
latter VOB in 20 Fig. 28A, it can be seen that the P picture P3 is the

picture data igmtthes Bt @ikt uties E2aytdt e tiepiraldnorid eiftidre thepiEct ure B3.
The P picture P3 is stored in the reordering buffer 4f of the video data

edi ting appar aptittumt B3,t thedgdativrg afypeheoRvainstiore tB®desscorpllet e, and
25 so is only displayed after the decoding of B picture B3 131
incorporate the necessary information of the P picture
P2 into the P picture P1l' that is produced by the
conversion process.
In view of this procedure, the video data editing

10 apparatus can estimate the data size of the P picture
P1' that is obtained by the conversion process using a
sum of the size of the B picture B3 and the size of the
P picture P2. This estimation method merely representé
one potential method, however, so that other methods are

15 equally possible. By determining the amount of code for |
use in re-encoding based on the estimatéd buffer _
occupancy, the video data editing apparatus can assign
an optimal amount of code to the former cell and latter
cell.

20 Figs. 30A and 30B show how the increases in buffer
occupancy that accompany changes in picture type within
the latter cell are estimated.

In Fig. 30A, the data from the B picture B3 onwards
belongs to the latter VOB. Each cell is determined

25 based on the display time for the start of the cell, so
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has been perfornmed. By having the reordering buffer 4f reorder the picture
data in this way, the P picture P3-will precede the B picture B3 in the
codi ng order ough P picture P3 is displayed after the B picture B3.
5  Accor di r?’é&}‘%ﬁt-'%’g rul es described earlier, the video datECEF¥PHE
apparatus needs to convert picture data P3 detected as the first picture
data in the coding order into an | picture. Wien this P picture has an

i nformati on conponent that relies on the | picture-that 10 i s reproduced
before the P picture P3, this information conponent of the | picture wll
have been i ncor pBRht 6Bei Bt pichure Bicisr ¢he3pdativig daeapileidated e the
conversion. In view of this procedure, the video data editing 15

appar atus can e$tf#ht 8ft kbeddispdinye ostierhefl thiectlatder ddldt, | fsoki ai ned
by the conversion ocess using a sumof the size of the P picture P3 and
the size of therﬁﬁgiEdiEBeIVhﬁépuﬂéFa Bed&d ngn appe radfufse meedsugancy that is

esti mat ed in_thé§%$a¥ %Be éideo data_editing 20 apparatus can then
assi gn opti mal UAtE GPEcBABIFEUEReBRoiREP 4he Formardcd Picture By be

ysed 11 g re-agapding: pL2eAL BLgasduie or, Sear cqaly Connest g Call s
B3 had an information component that is dependent on the
previously reproduced P picture P2, this information
component of the P picture P2 will have been
incorporated into the Forward-B B' picture during the

10 picture type conversion.

In view of this procedure, the video data editing
apparatus can estimate the data size of the Forward-B
picture B that is obtained by the conversion.process
using a sum of the size of the B picture B3 and the size

15 of the P picture P2.

Fof the latter VOB, the video data editing
apparatus needs to convert the picture type of the
picture data located at the start of the coding ordér.
By referring to the display order of the latter VOB in

20 Fig. 28A, it can be seen that the P picture P3 is the
picture data that is to be displayed immediately after
the B picture B3. The P picture P3 is stored in the
reordering buffer 4f of the video data editing apparatus
until the decoding of the B picture B3 is complete, and

25 50 is only displayed after the decoding of B picture B3
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that links two cells to enable seam ess reproduction of the two. Note that
many of the steps in these flowharts are the sane as the steps in the
flowcharts shown in Figs. 21 and 22 with the term "VOB" having been 5

repl aced vwoleon4zsT "cel |". These steps have been given tREPEHYIPef er ence
nunerals as in the first enbodi ment, and their explanation has been
omtted. Fig. 34 shows the audio franes in the audio streamthat correspond
to the audio frame x, the audio frame 10 x+1, and the audio frame y that
are used in Fig. 31. In step S102, the control unit 1 refers to the tine

i nformation spgg HikeR0 pehgcehddlf BYE na%ingt @Hle repRuedyerd tuffelr 4f
(hereinafter called the "forner cell™) andthe tine information specifying

the end of theeg@lderl®he b2 cherecRia®duaad thasondy henel rapiettueal Ipad t he
"latter cell") and subtracts the C V.S PTMof the latter cell fromthe

C_V_E PTM of thaif preeedeckhet @8 @hicaiutret B8 ShCahkseioding sirelerxSE¥@n t he
control unit 1 analyzes the 20 changes in the buffer occupancy fromthe
Fi rst SCR of t lt&ochyhmd pdefthirieo P3hd sdedepd aged wiffter adeDBS pdfctaide &3 .t he
data in the forner cell. In step S104, the control unit 1 perforns the sanme
anal ysi s ms i Acsondisp03of dhet hullest descedbed sadlderas the ariglepy datighe
changes in the buffer occupancy fromthe 133
editing apparatus needs to convert picture data P3
detected as the first picture data in the coding order
into an I picture. When this P picture has an |
information component that relies on the I picture that
10 is reproduced before the P picture P3, this information
component of the I picture will have been incorporated
into the P picture P3 during the picture type
conversion.
In view of this procedure, the video data editing
15 apparatus can estimate the data size of the I picture I'
that is obtained by the conversion process using a sum
of the size of the P picture P3 and the size of the

preceding I picture. Based on the buffer occupancy that

is estimated in this way, the video data editing

20 apparatus can then assign optimal amounts of code to the
former and latter cells to be used in the re-
encoding.

- P re fo 1 ing C
25 Figs. 31 to 33 are flowcharts showing the procedure

132

i



FirstSCR of the latter cell to the decode end tinme LastDTS of all of the
data in the latter cell. In step S130, the control unit 1 estimtes the
increase a_in the buffer occupancy that acconpanies the 5 changes in
picture typEPP¥H¥™¥he latter cell, in accordance with the pPOREIRPEZhown in
Figs. 30A and 30B. In step S131, the control unit 1 estimates the increase
[err] in the buffer occupancy that acconpanies the changes in picture type
for the former cell, in 10 - accordance with the procedure shown in Figs.
29A and 29B. In step S132, the control unit 1 adds the estimated increases
[err],[err] tothht déspectiveeckiiikertooetiapdre kel ddie detitcRiudiichrd afrer
cells. In step S105, the control unit 1 analyzes the 15 changes in the
occupancy of thkBevitHee biipter thetnmamy Bifr $heCRtefpst Ha ltitessy cel | +

STCof fset to the LastDIS of the former cell. As shown in Fig. 10C of the
first enmbodi neAtOWERBTRSgRES thec spmec psBirheBsz epls time thieddldngtantsib i s
20 obtained for the period where video data for both the forner cell and
latter cell isS8PBPed™ Fi8fe ¢ideadhdfr @i thp then teway "YOBE, hawinghean
unit 1 controlg_ the disc.access unit 3 to read the three VOBs believed to
i ncl ude 2 tﬁspgr”l&f’-ﬁ‘r Elgg’ﬁ §eF6‘caf:§&lat- t fBessd stepshdavs haen giversq

the same reference numerals as in the first embodiment,
and their explanation has been omitted.
Fig. 34 shows the audio frames in the audio stream
that correspond to the audio frame x, the audio frame
10 x+l, and the audio frame y that are used in Fig. 31.
-In step S102, the control unit 1 refers to the time
information specifying the end of the cell to be
reproduced first (hereinafter called the "former cell")
and the time information specifying the end of the cell
15 tq be reproduced second (hereinafter called the "latter
cell”) and subtracts the C_V_S PTM of the latter cell
from the C_V_E_PTM of the former cell to obtain the
STC_ offset.
In step S103, the control unit 1 analyzes the
20 changes in the buffer occupancy from the First_ SCR of
the former cell to the decode end time Last_DTS of all
of the data in the former cell.
In step S104, the control unit 1 performs the same
analysis as in step S103 for the latter cell, and so

25 analyzes the changes in the buffer occupancy from the
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fromthe DVD-RAM After this, in step S107 the control unit 1 controls the
di sc access unit 3 to read the three VOBs believed to include the picture
data | ocated at the start of the latter cell. 5 Fig. 27A shows the
area that WoM/d7%7e read fromthe former cell in step SL0®CTEPO473B shows
the VOB includes VOBUs #98 to #107, with VOBUs #99 to #105 being indicated
as the fornmer cell. Wen the picture data to be reproduced last in the
former cell is the picture 10 data Bend, this picture data will be

i ncluded in one of VOBUs #103 to #105 in accordance with the one-second

rule, so that VOBLK1OSRtOr VERELDRt¥EL! cBE1T €80t RS aQEoMQBHnaeﬁyﬁace t hat

i ncludes the picturé data to be reproduced | ast. he VOB shown in
Fig. 27B incl uastt bes \eBUs1#488 the#88¥a 2ndtRé lheﬁér &'@BUS #500 to #506
are indicated as the latter cell. Wen the picture data to be displayed

first in this |attédm cildp iSl3the ylietaore st arfikOR, ddtimated whe data PTOP
will be included in VOBUs 20 #500 to #502, so that VOBUs #500 to #502
will be read atheheas®BY teqtkeceuffier cactpaesyptbatracdanpanbepethe

di spl ayed first. These VOBUs include the all of the picture data that
depends of thec%@%§%$el@aﬁh9tq€P tvipet ferptheulattaracsbhd, inn addition to

the audi o data 25 that |s to be reproduced at the sane tine as the
picture 135 accordance with the procedure shown in Figs. 30A and

30B. In step S131, the control unit 1 estimates the
increase B in the buffer occupancy that accompanies the
changes in picture type for the former cell, in
10 accordance with the procedure shown in Figs. 29A and
29B. In step S132, the control unit 1 adds the
estimated increases o, to the respective buffer
occupancy for the latter and former cells.
In step 5105, the control unit 1 analyzes the
15 changes in the occupancy of the video buffer from the
First_SCR of the latter cell + STC_offset to the
Last_DTS of the former cell.
As shown in Fig. 10C of the first embodiment, the
highest occupancy Bv1+Bv2 of the video buffer 4b is
20 obtained for the period where video data for both the
former cell and latter cell is stored in the video
buffer 4b.
In step S106, the control unit 1 controls the disc
access unit 3 to read the three VOBs believed to include

25 the picture data located at the end of the former cell
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data PTOP and the picture data Bend. As a result, all of the picture data
that is required for the conversion of picture types is read by this
operati on. %%B d be noted that the reads in this flowhart

perforned for units, although the reads may instead bé“ﬂé??ﬁ?ﬂﬁh f or
the picture data and audio data that is to be reproduced in one second, out
of all of the picture data and audio data included in a VOBU. In the
present enbodi nent, the nunmber of VOBs that 10 correspond to one second
of reproduction_is given_as three, although any nunber of VOBs may be used.
Reads may al t er hAPTvENS B¥DpRAMor ndEtesr thist uia ddatep S107audien aatrrdihat

is to be reproduce gerlod | onger than one second. 15 After
these reads are EbﬁpheFBH Fﬂl§tEBeS%980tﬁ@cééﬁtuﬂitu@i¢01naaﬁrﬁﬁe;ﬁﬂnee
derul ti pl exer 4@0%9 gg ;ratg %ge vi deq data and audio data fromthe VOBU

| ocated at the en ? g'F 1BEtPdgnibenpistare grtendacatiest ateltthe 20

In step S109, the;ePnLEo n whet her the accumnul at ed anount of
data in the buf ng%ge he %étéﬁk gﬁin1t of the buffer at any point in

the decodi gg when thg and. the latter cell oeX|st i.n_the
buffer. Mre speC|f|c:QTy, thls |s ad% %ﬁ%%a5§a§uﬁﬁ?ﬂ JBe repdi REPMt he

val ue Bvl +Bv2 ceheuFdimér! Be$liePnSiPRp138%056. Fig. 27B shows the VOB
includes VOBUs #98 to #107, with VOBUs #99 to #105 being
indicated as the former cell. When the picture data to
be reproduced last in the former cell is the picture
10 data Bend, this picture data will be included in one of
VOBUs #103 to #105 in accordance with the one-second
rule, so that VOBU#103 to VOB#105 will be read as the
VOBU sequénce that includes the picture data to be
reproduced last.
15 The VOB shown in Fig. 27B includes the VOBUs #4098
' to #507, and of these, VOBUs #500 to #506 are indicated
as the latter cell. When the picture data to be
displayed fipst in this latter cell is the picture data
PTOP, this picture data PTOP will be included in VOBUs
20 #500 to #502, so that VOBUs #500 to #502 will be read as
the VOBU sequence that includes picture data to be
displayed first. These VORUs include the all of the
picture data that depends on the picture data PTOP and
the picture data Bend, in addition to the audio data

25 that is to be reproduced at the same time as the picture

135



exceeds the upper Iimt of the buffer. If this value does not exceed the
upper limt, the processing advances to step S133, or if the val ue does
exceed the upper limt, the control unit 1 assigns an 5 anount of code
based on twee#xersss armpunt A to the fornmer cell and |att SFCHEB4IE St ep
S110. Note that the re-encoding perforned in this case may only be
performed for one of the fornmer VOB and |atter VOB, or for both. In step
S111, the video data obtained fromthe two cells 10 i s re-encoded
according to the amobunt of code assigned in step S110. In step S133, the
First SCR that fass berdp nenk Ve s Shoeeerd cdibe Bén@NCofleda Vigegltiatalin the

| atter cell is obtained. In this latter cell, the first picture 15 dat a
in the displayoprees pidchre datsttpact us erdghdréd foe thei aonvedsioni | |
have been converted into picture types with |arger amounts of picture data,
so it shoul d hef obvtouse thapes his vedae by rshSERS3Ifaticet will indicate an

earlier tinme than before. 20 In step S112, the control unit 1
cal cul at es the audilt ddtcayldoude afotidrk tdati dreatmeasigpdmattdd S ridrawdhastor ner
cell, that corresponds to the audio frame x which includes the sumof the

STCof f set 5and ate PersormaR font VOBU nend /s asal thedoh otheergaddon@¥ta in the

| atter 25 VOB. In Fig. 34, the upper and | ower graphs 137 ,
instead be performed for the picture data and audio data

that is to be reproduced in one second, out of all of
the picture data and audio data included in a VOBU. In
the present embodiment, the number of VOBs that

10 correspond to one second of reproduction is given as
three, although any number of VOBs may be used. Reads
may alternatively be performed for picture data and
audioc data that is to be reproduced in a period longer
than one second.

15 After these reads are complete, in step 5108 thg
‘control unit 1 controls the demultipléker 4a to separate
the video data and audio data from the VOBU located at
the end of the former cell and the start of the latter
cell.

20 In step S109, the control unit 1 judges whether
the accumulated amount of data in the buffer exceeds the
upper limit of the buffer at any point in the decoding
when the former cell and the latter cell coexist in the
buffer. More specifically, this is achieved by judging

25 whether the value Bv1+Bv2 calculated in step S105
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respectively show the transition in the buffer occupancy due to the video
data in the fornmer cell and latter cell. The |l ower graph in Fig. 34 shows
the audio frames of the audio data separated fromthe fornmer cell. 5~

The audio fV®Wehuence bel ow the lower graph in Fig. 34 SREMBYSOAVR audio
frame against the tinme axis of the graph given above it. The buffer
occupancy for the new latter cell obtained as a result of the re-encoding

i ncreases by the anount al. Note that this anount al 10 differs fromthe
i ncreased anobunt a that was estimated in step S132: 'Due to this anount al,
the First SCR tdratedds nehvéd yusest ghixdit oof hehé abhiefey¥i deo data indicates an
earlier time. As can be seen fromthe |lower graph in Fig. 34, the 15 new
val ue of FirstSCR+ST€otthdst viad usosidesomet aixdeate tid alpper Thimiesy [ieg t han
before. In Fig. 34, the descending guideline drawn fromthe new val ue of

Fi r st SCR+STCof TRRACESRING @dvanges dueli stép a3k33 n dheifiuthe Tahve degmence
of the fornmer cell. This 20 intersected audio frame is the audio frane Xx,
with the foll oﬁ’?ﬁf%(ﬁl’@ fURBRE ximbfei righe heotnal woilt ol fasskgns ahe
former cel#. Since the value of the sumof the STCoffset and the new

First SCR of t héePTd19de RAeM N dhesexcess | ameunt nd, tehtkeneans t hat

an earlier fra s .138
Todmer Te1l and latter cell in Step S110. Note that the

re-encoding performed in this case may only be performed
for one of the former VOB and latter VOB, or for both.
In step S111, the video data obtained from the two cells

10 is re-encoded according to the amount of code assigned
in step S110.

In step S133, the First_SCR that has been newly
assigned to the re-encoded video data in the latter cell
is obtained. 1In this latter cell, the first picture

15 data in the display order and the first picture data in
the coding order will have been converted into picture
types with larger amounts of picture data, so it should
be obvious that the value First SCR+STC offset will
indicate an earlier time than before.

20 In step S112, the control unit 1 calculates the
audio data, out of the audio data separated from the
former cell, that corresponds to the audio frame x which
includes the sum of the STC offset and the First SCR
that is newly assigned to the video data in the latter

25 VOB. 1In Fig. 34, the upper and lower graphs
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i ndicated as the audio frane x. As a result, when a read is commenced for
the video data in the latter cell, the audio data that should be read from
the former cell together with this video data is conparatively |arger 5
than in t hywddonstszenbodi nent. Hereafter, the processing i RCHIRIBO41F113 t 0
S119 is perfornmed so that the stream encoder 2e performnms the multiplexing
shown in Fig. 25. After this, in step S120 the FirstSCR, LastSCR, 10 t he
seanless flag, the CV E PTM and the C V.S PTMfor the fornmer and latter
cells are inserted into the seam ess linking information of the forner

S22 O the dACSPROELY l&“gﬂo%b? ShehARsaCh T RS HTRRES @%%Sf’g
o O he pobull kBNOAE 914l aatal inl LR FolhkrVBYS) 0 Fahtehy |or Ted

part of the forner cel SO are appen he "end "of the orner cel

Simlarly, theckhnee Yﬁ@uioﬁékagﬁﬁﬂhaﬁnt@@gen§4(EBSWEaEh%raﬁ@@gﬁkrames

originally fornmed part of the SO are inserted at

that start of blfethat hetlieelbtaBebaratedofrbhethar Fermard deatit.er cel | that
have been given re-ericoded data i s nanaged havi ng been assigned the sane

identifiers as the Ve f#&ediohfeimét s@guend@sbéBewnthé heowéhegrapht ba t wo
cells is managed having 139

Fig. 34 shows each audio frame against the time axis of
the graph given above it. The buffer occupancy for the
new latter cell obtained as a result of the re-encoding
increases by the amount ol. Note that this'amount al

10 differs from the increased amount o that was estimated
in step S132. Due to this amount al, the First_ SCR that
is newly assigned to the latter video data indicates an
earlier time. |

As can be seen from the lower graph in Fig. 34, the

15 new value of First_ SCR+STC_offset is positioned at time
which is Tol earlier than before. 1In Fig. 34, the
descending guideline drawn from the new value of
First_ SCR+STC_offset intersects one audio frame in the
audio frame sequence of the former cell. This

20 intersected audio frame is the audio frame x, with the
following audio frame x+1 being the final audio frame in
the former cell.

Since the value of the sum of the STC_offset and

the new First_SCR of the latter cell indicates an

25 ' earlier time, this means that an earlier frame is
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been assigned a different identifier to the VOB fromwhich it was taken.
This nmeans that after this division, the fornmer cell and latter cell are
managed as separate VOBs. This is because there is a high 5 ossibility
of the ti ne“gf’a’f*ﬂls"not bei ng continuous at the boundary bet® é’%’%’?fénf or ner
cell and the latter cell. As in the first enbodinent, in step S123 the
control unit 1 judges whether the values of the SCR are 10 conti nuous.
If so, the control unit 1 ends the processing in the flowharts of Figs. 31
to 33. If not, the control unit 1 calculated the excess anobunt A based on
the nunber of paakdcgiteen asvahcapRidi® $&me det eral neScad IO UHer®fa code
based on the excess anmount 15 A, and returns to step S109 to repeat the
re-encodi ng. Asrgadeds copimenitedalfore threocasidagateeldrs tdiee Yatten cosEl,

with the cells indicated by the cell information being set as separate
VOBs. This neaft&et padigogaitar dhadt istroulst heherassiM Sraye idvent BakméBscekkd t o
be 20 provided in_the RTRWmanagenent file. The following is an

expl anation of ke@ether vash Fhdemutidee fdata el campakstialy Aarges deo
strean1attgibut% i nfqQrmati on’, includes conpression node information, TV
system i nf o mat tOAR 38 the,Liast embodimemdinati on, and resol ution -

i nformation, 140 . .
Hereafter, the processing in steps S113 to S119 is

performed so that the stream encoder 2e performs the
multiplexing shown in Fig. 25.
After this, in step 5120 the First SCR, Last_ SCR,
10 the seamless flag, the C_V_E_PTM, and the C_V_S_PTM for
the former and latter cells are inserted into the
seamless linking information of the former cell. The
control unit 1 then performs the processing in steps
5121 and S122. Of the data for the six VOBUs obtained
15 through the re-encoding, the three VOBUs arranged at the
start (the first VOBUs) originally formed pért of.the
former cell, and so are appended to the end of the
former cell. Similarly, the three VOBUs arranged at the
end (the latter VOBUs) originally formed part of the
20 latter cell, and so are inserted at that start of the
latter cell.
While one of the former and latter cell that have
been given re-encoded data is managed having been
assigned the same identifier as the VOB from which it

25 was taken, the other of the two cells is managed having
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al though this informati on may be set to match the information for the
VOB(s) fromwhich the cells were taken. The "audio stream attri bute

i nformation” includes 5 an encodi ng node, the presence/ absence of
dynam c r a@®/@dMitrol, a sanpling frequency, and a nunbePCBAPSIHaITAE| S,

al though this informati on may be set to match the information for the
VOB(s) fromwhich the cells were taken. 10 The "time map table” is
conposed of the size of each VOBU t hat conposes the VOB and the display
period of each VOBU, although a corresponding part of the information given

for the VOB(SbeEhO@s\H&g%dt he qa¢iret e ‘igfe?jﬁ&?i g%oé%s t‘if]e:;i‘fohave he sizes

and di splay 15 peri ods only being anen een re-

encoded. The iblilcanifgwas @akexn! andlisomedhs! RBatsadHeaSTHilsnki ng
i nformati on” that was generated in step S133. This seam ess |inking

information i slicdsponedthk foZher ceeankags 1bkder @e\llld%(i-ephﬁ%% ia%n
start tine VOB V.S PTM a video presentation end tinme VOB V_E PTM

Fi rst SCR, a LaspaS6Re ¥OBaudi Thdap ist betatisee tAeTEPREMa &idhan audlo gap
| engt h AGAPLEN. These el enents are witten into the seam ess |inking 25
i nfor mat i%on opesgibalityeofishe time stamps not being continuous at
the boundary between the former cell and the latter
cell.
As in the first embodiment, in step S123 the
control unit 1 judges whether the values of the SCR are
10 continuousf If so, the control unit 1 ends the
processing in the flowcharts of Figs. 31 to 33. If not,
the control unit 1 calculated the excess amount A based
on the number of packs given overlapping SCRs,
determines an amount of code based on the excess amount
15 A, and returns to step S109 to repeat the re-encoding.
As a result of the above processing, cells are re-
encoded, with the cells indicated by the cell
information being set as separate VOBs. This means that
VOB information for the newly generated VOBs need to be
20 provided in the RTRW management file. The following is
an explanation of how this VOB information for cells is
defined.
The "video stream attribute information" includes

compression mode information, TV system information,

25 aspect ratio information, and resolution information,
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Only when the relationship between the former cell and the latter cell is
satisfies the following conditions (1) and (2) is the seam ess flag set at
"o1". |If eig¥§59fg dition is not satisfied, the seanless flag 5 s set at
"00." (1) BOIN €&’s nust use the same display method (NTSC 8047t ) for
the video streamas given in the video attribute information. (2) Both
cells nust use the sanme encodi ng nethod 10 (AC- 3, MPEG, Linear-PCM for
the audio streamas given in the audio attribute information. The "video
presentation start time VOB V.S PTM is updated to the presentation start
time after re- ahtbabgl. this Infornlihdohyimd§o bl @eentad indt @NGHd Ne

VOB _V_E PTM' is updated to the presentation end tinme after re-encoding. The
"First_SCR' is upfareatient ferstReoVOBHe)f frem whdlchaftrey ded-lencrdidlg. The
"Last _SCR' is ugdgted to the SCR of the final 20 pack after re-encoding.
The "audio gap 58&PB-tinme ASTP PTM' is set at the presentation end tine of

the audio frame y that is the final audio frame to be reproduced for the
audio data that is E@W%d i peStreamrateribure Fingfosmat26n” includbe

"audi o gapgl engLh éﬁ@gdkgynmgaefe%hgspggge%éé/absence of dynamic range
control, a sampling frequency, and a number of channels,
although this information may be set to match the
information for the VOB(s) from which the cells were
taken.

10 The "time map table" is composed of the size of
each VOBU that composes the VOB and the display period
of each VOBU, although a-corresponding.part of the
information given fof the VOB(s) from which the cells
were taken may be used, with the sizes and display

15 periods only being amended for VOBUs that have been re-
encoded.

The following is an explanation of the "seamless
linking information” that was generated in step S133.
This seamless linking information is composed of a

20 seamless flag, a video presentation start time
VOB_V_S_PTM, a video presentation end time VOB_V_E_PTM,
a First SCR, a Last SCR, an audio gap start time
A_STP_PTM, and an audio gap length A GAP_LEN. These
elements are written into the seamless linking

25 information one at a time.
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period fromthe presentation end time of the final audio frane y to be
reproduced using the audio data that is noved to the latter cell in Fig. 34
to the presentation start tine of the audio frame u. 5 Once the VOB
i nf or mat i ovo bmE747een generated as descri bed above, an RTREFFENMPient file
i ncluded this new VOB information is recorded onto the DVvD-RAM By doi ng
so, the two cells that are indicated by the cell information can be
recorded on the DVD-RAM as two VOBs 10 that are to be reproduced

seam essly. As described above, this second enbodi nent can process cells in

a VOB or VOBs so a®rly hem tdre oedllat isatdH i8S Yerwet ashe efbdnye rmatelly
readi ng and re-encoding the end of the forner cell and the start of the

| atter 15 cedhd tisentatoatycébk VSBEstisfaésdthé fbklseswanyg and end of the
respective cells are re-encoded, this re-encoding of cells can be achieved
in a very shor¢eonrdipions ¢(hbusndbé2hoiedthaaseamliesst fibagrsebnatelBbli nent
descri bes the case where video fields as used 20 as the unit when

i ndi cating cel 1§, eitep ¢onditionyipenotedathasfied. the peawéessnfladdul e
sof twar e represented'bg fhe flowcharts in this first enbodi ment (Figs.
31-33) may be +2affZedt byPQ- hachi ne | anguage program which may be 25

distributed and sol (d.L)haBVoit%J cbelpfl.rg rn?lfsotr dlfsde 0t ea sra%:eorﬂs%alf?i’tlethod
(NTSC, PAL, etc.) for the video stream as given in the
video attribute information.

(2) Both cells must use the same encoding method

10 (AC-3, MPEG, Linear-PCM) for the audio stream as given
in the audio attribute information.

The "video presentation start time VOB_V_S_PTM" is
updated to the presentation start time after re?
encoding.

15 The "video presentation end time VOB V_E_PTM" is
updated to the presentation end time after re—encoding.

The "First_ SCR" is updated to the SCR of the first
pack after re-encoding.

The "Last_SCR" is updated to the SCR of the final

20 pack after re-encoding.

The "audioc gap start time A_STP PTM" is set at the
presentation end time of the audio frame y that is the
final audio frame to be reproduced for the audio data
that is moved to the latter cell in Fig. 34.

25 The "audio gap length A _GAP_LEN" is set as the
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medi um Exanpl es of such recording nediumare an I C card, an optical disc,
or a floppy disc. The machi ne | anguage program recorded on the recording
medi um may installed into a standard personal conputer. By 5-
executing tﬁ@ﬁﬁﬂggélled machi ne | anguage prograns, the staﬁGE@G”G@%@onal
conmput er can achieve the functions of the video data editing apparatus of
the present enbodi ment. 10 Third Enbodi nent The third enbodi ment of the
present invention nanages AV files in a file systemand all ows greater
freedomin video editing. 15 3-1 Directory Structure on a DVD- RAM The
RTRW managementpéiied aficori\t fié | gseséntheibhr shderPadi BBNthar ¢:1aL1 28989l N
the directories shown in Fig. 35 within a file systemthat conplies to

| SO' | EC 13346. frame gy 135 ,be heepwadiscedpreseqt tHer 868961 §5tandhbbeis
rectangl es 20 represent files. The root directory includes directories
call ed a "RTRWEQHRA th® the ebattet ecelFiiml FDAT" 3anto” EheeprBAgntathenRTRW
directory includes three files called "Myviel.VOB", "Mvie2 VOB', and
"RTRWM | FO'. 258amt tines of 1yhesjawdiysfeamémmagenent | nformation in the

Di rectorieg The follomﬁn% i s_a _description of the nmanagenent
Once the VOB information has been generated as

described above, an RTRW management file included this

new VOB information is recorded onto the DVD-RAM. By

doing so, the two cells that are indicated by the cell

information can be recorded on the DVD-RAM as two VOBs
10 that are to be reproduced seamlessly.

As described above, this second embodiment can
process cells in a VOB or VOBs so as to have the cells
seamlessly reproduced by merely reading and re-encoding
the end of the former cell and the start of the latter

15 cell. Since only the VOBUs located at the start and end
of the respective cells are re-encoded, this re-encoding
of cells can be achieved in a very short time.

It should be noted that while the present
embodiment describes the case where video fields as used

20 as the unit when indicating cells, video frames may be
used instead.

The processing module software represented by the
flowcharts in this first embodiment (Figs. 31-33) may be
realized by a machine language program which may be

25 distributed and sold having been recorded on a recording
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i nformation used for managi ng the RTRW nmanagenent file and 5 AV files in
the directory structure shown in Fig. 35 Fig. 36 shows the file system
managenent information in the directory structure of Fig. 35. Fig. 36 shows
t he vol unewaP®#78hown in Fig. 3D, the sectors, and stor e@%ﬁ?@?f?? of
sectors in a hierarchy. 10 Arrows [err]-[err] in this drawi ng show t he
order in which the storage positions of the file "Mviel.VOB" are specified
by the present managenent information. The first level in the hierarchy in
Fig. 36 shows the volume area shown in Fig. 3D. 15 The second | evel
in the hierarcigdisfions Exdmped diesuidipt ¥ Sordinly desdiumptars, adil@ entries,
and directories, out of the entire managenent information. The information
on this secontdmielaragiiesl viidc a dr |l Byespmmdist. | sThsd amachitieed under
| SO I EC 13346. File systens that are 20 standardi zed under SO | EC 13346

manage direct crdrgpidge progran ctgconted nemagerergcordingraedivm madFy g. 36 is -

arranged in accordance with the directory structure. However, a recording
regi on i s onl ythaowe fimstakled inte a Mrandandpersgal computeame fBYe set
descriptor (LBN 80) on the second | evel shows information such as the LBN

of the se2tor e¥RGUnG ddhe sinstatipd maching (langrag PTAHIRE r t®ry. The

end descri ptor (L%p 81l) shows the end of the file set deggri tor.
standard ‘personal computer can achieve the functions of

the video data editing apparatus of the present

embodiment.

10 Third Embodiment
The third embodiment of the present invention manages
AV files in a file system and allows greater freedom in

video editing.

15 =1 Di DVD-—
The RTRW management file and AV files of the fifst
embodiment are arranged in the directories shown in Fig. 35
within a file system that complies to ISO/IEC 13346. 1In
Fig. 35, the ovals represent directories and the rectangles
20 represent files. The root directory includes directories
called a "RTRW"” and two files called "Filel.DAT" and
"File2.DAT". The RTRW directory includes three files called

"Moviel.VOB", "Movie2.VOB", and "RTRWM.IFO".

25
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Afile entry (such as LBN 82, 584, 3585) is stored for each file (or
directory), and shows a storage position for a 5 file or directory.

File entriegwggﬂhﬁg;es and file entries for directories have a_sane fornat,
so that hierarchical directories can be freely constructed. PAEPEU Sy
(such as LBN83, 584, 3585) shows storage positions for file entries of the

files or directories 10 included in the directory. Three files entries
and two directories are shown on the third level in the hierarchy. The file
entries and diregtori tracked by the file system and have a data

construction that B & ement Ji ; )
be i ndicated reggﬁglgég.of the construction of the hierarchy in the
directory struc 3 file entry includes an allocation descriptor that
shows a storage posi§honedf Rrilily! €504 £l LY. ep. the data recorded in
each file is divided into a pﬁupaﬁfté é§£€§¥ﬂ%i%gx¥2ngg? quﬁqe@eﬁﬁtry

includes a pl ur dhitbymation et £8P HESEFIRY ¥ ﬁgkweﬁgﬁh SRt £5T0€,,
expression "extent" refers here to a sectiion of data 1 ncluded in a ?l?e
that shoul @ be PVefétedlin sther ddreateonsaatictyu@er 8H6RASin \WiQN, 350 Bxaml e,
the size of a VOB 25 to be recorded in an AV file is large, but there
are no consecut P9eShewt dhe fddesspsteny nanage@Bntt hardsmdticn canene 146

be recorded on h@geg%@%§v§%ructure of Fig. 35.

Fig. 36 shows the volume area shown in Fig. 3D, the
sectors, and stored contents of sectors in a hierarchy.

10 Arrows ®~@ in this drawing show the order in which the
storage positions of the file "Moviel.VOBR" are specified by
the present management information.

The first level in the hierarchy in Fig. 36 shows the
volume area shown in Fig. 3D.

15 The second level in the hierarchy shows file set
descriptors, end descriptors, file entries, and directories,
out of the entire management information. The information
on this second level complies with a file system that is
standardized under ISO/IEC 13346. File systems that are

20 standardized under ISO/IEC 13346 manage directories in a
hierarchy.

The management  information in Fig. 36 is arranged in
accordance with the directory structure. However, a
recording region is only shown for the AV file "Moviel.VOBR".

25 The file set descriptor (LBN 80) on the second level

shows information such as the LBN of the sector that stores
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However, when there is a plurality of small consecutive regions distributed
across the partition area, by dividing the VOBs to be recorded in the AV
file, the resulting 5 di vi ded sections of the VOBs nmay be stored into

t he di striw@d¥H7®¥onsecutive areas. By dividing VOBs in t RCTIREN4IBhe
probability of being able to store VOBs as AV files increases, even when

t he nunber of consecutive regions and |ength of the partition 10 ar ea
are limted. To inprove the efficiency with which data is recorded on a
DVD-RAM the VOBs recorded in one AV file are divided into a plurality of
extents, wththheselexdrrlys £bei tige I deédetBofEparmiec ef@ngesettiptdrar eas on
the disc without regard to the order of the extents. 15 It should
be noted that (LB¥ &kpreswisothe cemd exflitthee fidgi s "ddserdptefers to a region

conposed of ECC bl ocks that are Iogicallg or physically consecutive. As one
exanpl e, the file Bnfiieenfynh (bweh 1NIGY 8Ad 39851 gis3sterrth f9%cl ude a

single allocatio escriptar, 2 whi ch ans_that the file.is nat

di vi ded into §aﬁﬁuglaf_? t{fproglgﬁfg‘ﬁf%) ( mdcﬁgig 511 % ,angPSSﬁgb%ne of %a
single ex ent \)fﬁllhérfdi&c%'&w 3pPhe r&?&&‘i’@%' Bo D381 1140 43kl RERL I Ok ries
descriptors, I ch means that the data to be stored in the file 1s conposed
of two extent For2B8irectoriesbagale da reaieOtvringe] Uslescratf hierademiddl cati on

descriptor showing a storage position of a file entry for 147
directories can be freely constructed.

A directory (such as LBN83, 584, 3585) shows storage
positions for file entries of the files or directories'

10 included in the directory.

Three files entries and two directories are shown on
the third lével in the hierarchy. The file entries and
directories are tracked by the file system and have a data
construction that enables the storage position of a

15 specified file to be indicated regardless of the
construction of the hierarchy in the directory structure.

Each file entry includes an allocation descriptor that
shows a storage position of a file or directory. When the
data recorded in each file is divided into a plurality of

20 extents, a file entry includes a plurality of allocation
descriptors for each extent.

The expression "extent" refers here to a section of
data included in a file that should be preferably stored in
consecutive regions. When, for example, the size of a VOB

25 to be recorded in an AV file is large, but there are no

consecutive  regions for storing the VOB, the AV file cannot
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each file and each directory included in the directory. Wen tracing a
route through the file entries and directories, the storage position of the
file "root/video/Noviel.VOB" can be found by follow ng the order 5 ‘gi ven
as file set wd)e?z‘r“%gt or [err]file entry (root)[err}-directofGIP8/04173
(root)[err]file entry (RTRW[err]directory (RTRW[err]file entry

(Moviel .VOB)[err]file (extents #1 and #2 of Myviel.VOB). Fig. 37 shows the
link relationship between the file 10 entries and directories on this
route in another format that traces the directory construction. In this
drawi ng, the diPectegdngedusedthiorovmira.i nclude file identification
descriptors for the directory of the parent directory (the parent of the
root being the root HAwe¥er) wher R 15 a pHlurekity pf shelFi tedsddaitifviel e,
and the File2 DAT file... ghe RTRWdirectory includes file identification
descriptors for ek o ehEI AT L 1355PSSr thRePpREHONREERE OPY ¢HTidtNg t he

Movi el . VOB fil eghd Rgndb\iege WA g‘,'%ee '.%lr\}% th \F};(I_’gM/llgOfile ]n the sanme
. C : :

way, the storage position o Y TRV ?qlt e|§e§B£E+?9ed by
tracing the rouasvid¥d kebeishs Jt lerie W03 FRDSAL UL 9hed FRAC ENCITY Fig.
38A show the data construction of a file entty In nore eFal .~ As shown in
Fig. 38A a fildismtibptiedcbonlescwetidfe aredescriptor tag, an ICB tag, an
al l ocation descriptor |ength, expanded attributes, and an allocation
descriptor. In thisBygividing VOBs in this way, the probability of being

able to store VOBs as AV files increases, even when the

number of consecutive regions and length of the partition

10 area are limited. To improve the efficiency with which data
is recorded on a DVD-RAM, the VOBs recorded in one AV file
are divided into a plurality of extents, with these extents
being recorded in separate consecutive areas on the disc
without regard to the order of the extents.

15 It should be noted that the expression "consecutive
regions" here refers to a region composed of ECC blocks that
are logically or physically consecutive.

As one example, the file entries with the LBN 82 and
584 in Fig. 36 each include a single allocation descriptor,

20 which means that the file is not divided into a plurality of
extents (which is to say, is composed of a single extent).
The file entry 3585 meanwhile has two allocation
descriptors, which means that the data to be stored in the
file is composed of two extents.

25 Each directory includes a file identification

descriptor showing a storage position of a file entry for
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figure, the legend "BP" represents "bit position", while the | egend "RBP"
represents "“relative bit position". The descriptor tag is a tag showi ng the
present entry is a file entry. For a DVD-RAM a variety of tags are used, 5
such as t hwosliersentry descriptor and the space bitnmap deBEFRM84#173 For a
file entry, a value "261" is used as the descriptor tag indicating a file
entry. The ICB tag shows attribute information for the file entry itself.
10 The expanded attributes are informati on showing the attributes
with a higher-level content than the content specified by the attribute

i nformation fighghifitd@nk b8cRNidecttiy Shiocald O dBSCHEPLOIoy &l d stores
as many 15 all ocation descriptors as'there are extents that conpose the

file. Each al | whetitradd@gcai pbate simsughheht ogi xalerdtiraek and@ber (LBN) that
i ndicates the storage position of an extent for a file or a directory. The
dat a construct dbrectforiesal theastoragteposipion ¢ tHeoddlen Fig. 38B. 20
The al l ocation descriptor, in, Fi gvo 38B i ncludes data show ng the extent

e

length and a | o5PRE VHSOROMLRbeYORhGRPnget ARuRd dhadelpBYits dmo% R ARt
TR e L L STV SRR e
the various valuesodte@seiBOWALE) Dhikw)3¥=qi4tory (RTRW)-®-file
entry (Moviel.VOB)-®®@-file (extents #1 and #2 of
Moviel.VOB) .
Fig. 37 shows the link relationship between the file
10 entries and directories on this route in another format that
traces the directory construction. In this drawing, the
directories.used for route include file identification
descriptors for the directory of the parent directory (the
parent of the root being the root itself), the RTRW
15 directory, the Filel.DAT file, and the File2.DAT file. The
RTRW directory includes file identification descriptors for
each of the directory of the parent directory (root), the
Moviel.VOB file, the Movie2.VOB file, and the RTRWM.IFO

file. 1In the same way, the storage position of the

20 Moviel.VOB file is specified by tracing the route ®~@Q@.

-1-2 : C r ion of Fi En
Fig. 38A show the data construction of a file entry in
more detail. As shown in Fig. 38A, a file entry includes a
25 descriptor tag, an ICB tag, an allocation descriptor length,

expanded attributes, and an allocation descriptor. In this
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(3-1-3) Data Construction of the File Identification Descriptors for
Directories and Files Figs. 39A and 39B show the detail ed data construction

of the filey Liication descriptors for directories and 5 files in
t he various “c’f??ge)%‘?%]ri es. These two types of file identifi CREHBNS/04173
descriptors have the same format, and so each include nmanagenent

I nformation, identification information, a directory nane |ength, an
address showi ng the | ogical bl ock nunber that stores the file entry for the
directory or 10 ., file, expansion information, and-a directory name. 1In
this way, the ad#PBs®: dthey leigendeBPY ieprasencsatBt Wddita o'l egholy fHUTe
or file nane. (§é1-€a “%ﬁ&pUﬁ\Size of an AV Bl ock 15 Wen a VOB to
be recorded in anSAYfi | SERFGPeRES | hed agipeubitipgsidfioattents, the data

|l ength of each extengy tsc%ﬁged 1%he data | ength of an AV bl ock. The
expression "AV bl ock™ heré refers T the AnitAPnERewiRA MheoPreseat fentmhi ch

there i s no dangsra ofin@@khhkow £ L rack buffer 3a en 20 readi ng
a VOB fromthe DVD-RAM To gh’ar an‘%)fee& 2%’%%%%{ i 3ev?@p‘?‘ti¥dl?g]it8ﬁ? R Meftrnum

size of anSAV bbuck as thef ifned eftFeldidptort By tiAC f rovided in
a reproduction apparatus. The follow ng exgl a]rsla%&l?cci:)n{t%elaé gg\%\n ?%t'ﬁacﬁv this
m ni mum si ze of JBFCPPHITOCKFRE a file femtig, 45Paiue (S6hw5) M gbdwe Size of

an AV Bl ock Are .
gescrlptor tag indicating a file entry.

The ICB tag shows attribute information for the file
entry itself.

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

The allocation descriptor field stores as many

15 allocation descriptors as there are extents that compose the
file. Each allocation descriptor shows the logical block
number (LBN) that indicates the Storage position of an
extent for a file or a directory. The data construction of
an allocation descriptor is shown in Fig. 38B.

20 The allocation descriptor in Fig. 38B includes data
showing the extent length and a logical block number showing
the storage position of the extent. However, the top two
bits of the data indicating the extent length show the

Storage state of the extent storage area. The meanings of

25 the various values are as shown in Fig. 38C.
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First, the rationale behind the need to determ ne the m ninum size of an AV
bl ock for guaranteeing uninterrupted reproduction is described. 5

Fig. 40 shows a nodel of how a reproduction apparatus that roduces vi deo
obj ects buwidewmrsAV data read fromthe DVD-RAM in the tra@ETHH§)W°é}7 Thi s
nodel shows the m nimumrequirenments of a reproduction apparatus for

uni nterrupted reproduction to be guaranteed. 10 In the upper part

of Fig. 40, the reproduction apparatus subjects the AV data it reads from
the DVD-RAMto ECC proceSS|ng, tenporarily accumul ates the resulting data
in the track 4 - ' 6 @i iqyicatiisnt he data from
the track buffer Il Tustrated exanple, V[err]

is the input tpea 3 itrbe X dleb in other words, the rate
at which data is read fron1the opti cal dISC) and V[err] is the ougput
transfer rate of tE&gsraddd s éﬁB(éﬂ@@Od‘é?e M%é%h‘&t‘é%ta \Regsgructio
Vierr]>V[err]. In the resent nDdeI rr —11Nb omer
part of Fig. &F ftheaf bf e peatdRt Rt H’l% §°F F‘Plre %ﬁ:ﬁtor ?;—dgr%a in the

track buffer esent el r t iC
repr esent épéﬁﬁuﬁPp ?ecﬁﬁrfgag ﬁré%%##Hé% ? %B se éy%\qgﬁégogkafigils
represents 3 "Ryentics cHE LR &%%i%%oi@%a&@%hévsﬁnécm andt bateadtc| udes

a defective sector is read followng the AV bl ock# that includes no
def ecti ve sectigiciudéShanagement information, identification information,

a directory name length, an address showing the logical
block number that stores the file entry for the directdry or

10 file, expansion information, and a directory name. In this
way, the address of a file entry is associated with a

directory name or file name.

=1-4 inim i £ k
15 When a VOB to be recorded in an AV file is divided into
a plurality of extents, the data length of each extent must
exceed the data length of an AV block. The expression "AV
block" here refers to the minimum amount of data for which
there is no danger of underflow for the track buffer 3a when
20 reading a VOB from the DVD-RAM.

To guarantee consecutive reproduction, the minimum size
of an AV block is defined in relation to the track buffer
provided in a reproduction apparatus. The following
explanation deals with how this minimum size of an AV block

25 is found.
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The period T1 shown on the tine axis shows the tinme required to read all AV
data in the AV bl ock#] that includes no defective sectors. During this
period T1, &?ﬂ ﬁggynt of data in the track buffer increases at the rate
(Merr]-V[ef 939 The period T2 (hereinafter cal | E&&THRS4Enp
period") shows the tinme required by the optical pickup to junp fromthe AV
bl ock#j to the AV bl ock#k. This junp period includes the seek tine for the
optical pickup and the tine taken for the rotation of the optical disc to
stabilize. In the vvorst.lo case scenarlo of a Jurrp fromthe inner

peri phery to t SREIh Sizeopft An AWHiE] dicea, the junp tine is
assuned to be aroung 1500 for the resent nDdeI During the junp period
T2, the anount of dathSkn b HQE%PPaEEfP%ﬁlQﬁxﬁﬂﬁa§é§daF°a@?%ﬁﬁ?@@ﬁ VYherr].

15 The Ssi. th inme taken to read all AV data in
the AV bl ock#k t %alt 9f’lnc %%es a dépeg%?vg ‘é%‘?:t%’raraate%’é%eu‘ﬁéﬁwgp tefle

period T4 shomax#ﬂedhtﬁgoﬁq&p@éggrggég to the next ECC bl ock froma present
ECC bl ock that includes a defective sector. This skip operation involves 20

ski ppi ng & present ECE.bldckhdws @nmoael n®f en af RpEEdseei %;Jp%r‘i%f:@‘:t | ve
and junping to the next ECC bl ock. This neans that in an AV bl'ock, instead
of nerely | ogi &dEty reppodntary vddek dbfects i fSeesonvi datd A ldreaktrét h a

repl acenent seg%@% or ., a replacenent ECC bl ock), use of each 25 ECC
bl ock (all 16 )19t FrackebREfRr sedings modeloppess the suimdmbnd i s

cal l ed the ECC. 4 ho
H%qQEKeaéﬁéé’“¥ reproguctlon apparatus for unlnterrupted

reproduction to be guaranteed.

10 In the upper part of Fig. 40, the reproduction
apparatus subjects the AV data it reads from the DVD-RAM to
ECC processihg, temporarily accumulates the resulting data
in the track buffer, which is a FIFO memory, and then
outputs the data from the track buffer to the decoder. 1In

15 the illustrated example, V, is the input transfer rate of the
track buffer (or in other words, the rate at which data is
read from the optical disc), and V, is the output transfer
rate of the track buffer (decoder input rate), where V_>V,.
In the present model, V,=11lMbps.

20 The lower part of Fig. 40 is a graph showing the
changes in the amount of data in the track buffer for the
present model. 1In this graph, the vertical axis represents
the amount of data in the buffer, while the horizontal axis
represents time. This graph assumes that the AV block#k

25 that includes a defective sector is read following the AV

block#j that includes no defective sectors.
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The period T4 is the disc rotation wait tinme, which, in the worse case
scenario, is the tine taken for one revolution of the disc. This is
presuned to be around 105nms for the present nodel. In periods T3 and T5,
t he anpuntwof99Mdsss in 5 the buffer increases at a rat PGHIFEHOUE
Vlerr]-Vierr], while during period T4, the anmount decreases at the rate
Vl[err]. When "N ecc" represents the total nunmber of ECC bl ocks in an AV
bl ock, the size of an AV block is given by the forrmula "N ecc*16*8*2048"
bits. To ensure consecutive:10 reproduction is perforned, the m ni num
val ue of Necc is folinel peridesCLi seowbeirOwhel Biferaeik FhowlAVeHat Bine only
read fromthe track buffer with no concurrent replenishing of AV data.
During this peFP&qugd Ehogiad ehd AWolata éh daeaAVrbkdu3#buthet ﬂnbludeﬁeach
zero, an underflo occur in the decoder. In such case,

uni nt er r upt ed F@p\f%g%‘é’f”rvc?n S§Ftays dat%“@é’ﬁn&?lﬁepwdaﬁ‘tleeﬂheA@“‘é”%teéﬁfl t,

th | at ds t b t t
the uni nterruptadd 53 G Eh8R B HaReRERes Al i Fals ?9 Yobhsur o t hat
no 20 wnder f 1 ow 'Pl@&kge%)lodE%a?hé’fbl]na(ﬁ%f ghefedahp @ %)145@‘)”

(consuned data anount fered data a

amount of dat asibesethé rt:.trteerbqﬁiﬁéd aly tthe epeiddl tgirxper t@dj‘lIap £hidh
consuned 153

the AV block#j to the AV block#k. This jump period includes
the seek time for the optical pickup and the time taken for
the rotation of the optical disc to stabilize. 1In the worst

10 case scenario of a jump from the inner periphery to the
outer periphery of the optical disc, the jump time is
assumed to be around 1500ms for the present model. During
the jump period T2, the amount of data in the track buffer
decreases at a rate of V,.

15 The periods T3 to T5 show the time taken to read all AV
data in the AV block#k that includes a defective sector.

Of these periods, the period T4 shows the time taken to
skip to the next ECC block from a present ECC block that
includes a defective sector. This skip operation involves

20 skipping a present ECC block if one or more of the 16
sectors is defective and jumping to the next ECC block.
This means that in an AV block, instead of merely logically
replacing each defective sector in an ECC block with a
replacement sector (or a replacement ECC block), use of each
25 ECC block (all 16 sectors) with a defective sector is

stopped. This method is called the ECC block skip method.
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data amobunt R is the total anount of data read duri ng the period T2. The
buffered data anmount B is given by Equation 2 below 5 Equation 2 (buffered

dat t. B)= d T1)*(V V dtime for 1 A
b?ogk? n??/?e\”@”’wg{ Ir f ) =( )Av( bl[ g(r:rk] si [zgr U {/[ er E ]r )e a( V[ err ]- v["é?"ﬂf%“/"iﬁ-”

=(N_ ecc*16*8*2048/V[err]) (V[err]-Verr])
=(N_ecc*16*8*2048) *( 1- V[err]/V[err]) The consuned data anmount R is given by
Equation 3 below. 15 Equation 3 (consuned data anount R)=T2*V[err] 20
Substituting Equations 2 and 3 into the respective sides of Equation 1
gi ves EquatlonThebnﬁomwiEhhaslmhe4dlsc rotation wait time, which, in the
(Necc*16*8*2048) * él V[err]/V[err])>T2*V[err] 25 By rearrangi ng Equation 4,
it can be seen¥PRaf ¢4 Exenaripgunberthe dumeotakel Bonoke tleaplgtacantees
consecutive re%gdgct I on ,I(HJS'[ .sati Sf'le Equation 5 bel ow. Equation 5
IScC. 18 is presumed to be around 105ms for the
present model. 1In periods T3 and T5, the amount of data in
5 the buffer increases at a rate given as V.~-V,, while during
period T4, the amount decreases at the rate v,.
When "N_ecc" represents the total number of ECC blocks
in an AV block, the size of an AV block is given by the
formula "N_ecc*16*8*2048" bits. To ensure consecutive
10 reproduction is performed, the minimum value of N _ecc is
found as described below.
In period T2, AV data is only read from the track
buffer with no concurrent replenishing of AV data. During
this period T2, should the amount of data in the buffer
15 reach zero, an underflow will occur in the decoder. In such
case, the uninterrupted reproduction of AV data cannot be
guaranteed. As a result, the relation shown as. Equation 1

below needs to be satisfied to guarantee the uninterrupted

reproduction of AV data (which is to say, to ensure that no

20 underflow occurs).

Equation 1

(buffered data amount B) 2 (consumed data amount R)

25 The buffered data amount B is the amount of data stored

in the buffer at the end of the period Tl. The consumed
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-5 N ecc>T2*V[err]/ ((16*8*2048) * (1-V[err]/V[err])) In Equation 5, T2
is the junp period described above, which has a maxi numof 1.5s. V[err],
meanwhi |l e, has a fixed value, which for the nodel in the upper part of Fig.
40 is 10 WOIBNBEE. V[err] is expressed by the follow ngPENERMBOGI36 t hat
takes the variable bit rate of the AV bl ock that includes a nunber Necc of
ECC bl ocks into consideration. Note that V[err] is not the maxi nrum val ue of
the logical transfer rate for output fromthe track buffer, but is given by
t he equation 15 bel ow as the effective input rate of variable rate AV
data into theddeaogdRbuntA\R Alsoeke! eOEHD diRpBt SFO4XED rad RarDhgbede N pack
of packs in an AV bl ock conposed of Necc ECC bl ocks

((Necc-1)*16<ieaitkfief2] N ecc*16). 20 Equation 6 V[err]=AV bl ock

| engt h(bit)*(lI/AV bl ock reproduction tinme(sec)) i

=(N_pack*2048* 8) * ( P RufdR reidy dotaeaerountSBRiEr given rshBANaFAoRhe above
equation, SCR. first next is the SCR of the 25 first pack in the next AV
bl ock, while 8BR°Frrstcurrent is the SCR of the first pack in the present
AV bl ock.g Each SCR 155 shows the tine at which the correspondi ng pack
shoul d be outputted fromthe track buffer to the decoder. The unit for SCRs
is 1/27 negaseg@Rdson”As shown in the above Equations 5 and 6, the mninum5
size of an AV block can theoretically be calculated in accordance with the
actual bit rat(buffetréd ditadamaunt B)=(period T1)*(V,-V,)

=(read time for 1 AV block)*(V -V,)
=(AV block size L/V,)*(V -V,
10 =(N_ecc*16*8%2048/V,) * (V-V,)

=(N_ecc*16*8%2048) * (1-V /V,)

The consumed data amount R is given by Equation 3

below.
15
Equation 3
(consumed data amount R)=T2*V,
20 Substituting Equations 2 and 3 into the respective
sides of Equation 1 gives Equation 4 below.
Equation 4
(N_ecc*16*8%2048)* (1-V_ /V, ) >T2*V,
25

By rearranging Equation 4, it can be seen that the
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Equation 5 applies to a case where no defective sectors exist on the
optical disc. \Wen such sectors are present, the nunber of ECC bl ocks Necc

requi red towgygelia;10 uni nterrupted reproduction is as g%% bed below
It is presumed here that the AV bl ock area includes ECC bl

defective sectors, the nunber of which is represented as "dN ecc". No Av
data is recorded into the dNecc defective ECC bl ocks due to the ECC bl ock
ski ppi ng 15 descri bed above. The loss tinme Ts caused by skipping the
dNecc defective blocks is represented as "T4*dN ecc,"” where "T4"
represents the %R§§ i JoRCEKkPH EFtrebkasikst khakpatedraritees iconBegqutiiée To

ensure the uni epr oduct.i.o of the AV data 20 when defective
sectors are inn%{éféyﬁ EOE Bt 2315, EABRELOR & iRfdioWde as t he nunber of

ECC bl ocks as represented by Equati on 7 Equation 7 25 Necc [err]
dNecc + V[err]*(Tj+Ts)/((16*8*2048)*(1-V[err]/V[err])) 156 As descri bed
above, the 5|zdautuuhaLAy bl ock area is calculated from Fornula 5 when no
defective sector is present, and from Formula 7 when defective sectors are
present. 5% N eFF>§hﬁﬂyd(bé*&tﬂ@ﬁﬂhﬂuevhhab)mhen AV data is conposed of
a plurality of AV blocks, the first and |l ast AV bl ocks do not need to-not
satisfy Equation 5 or 7. This is because

In Equation 5, T2 is the jump period described above,
which has a maximum of 1.5s. V., meanwhile, has a fixed
value, which for the model in the upper part of Fig. 40 is

10 1l1Mbps. V, is expressed by the following Equation 6 ehat
takes the variable bit rate of the AV block that includes a
number N_ecc of ECC blocks into consideration. Note that V,
is not the maximum value of the logical transfer rate for
output from the track buffer, but is given by the equation

15 below as the effective input rate of variable rate AV data
into the decoder. AV block length here is given as the

number N_pack of packs in an AV block composed of N_ecc ECC

blocks ((N_ecc-1)*16<N_packsN ecc*16).

20 Equation 6
V,=AV block length(bit)*(1/AV block reproduction time (sec))

=(N_pack*2048*8)*(27M/(SCR;first_next - SCR_first_current))

In the above equation, SCR_first_next is the SCR of the
25 first pack in the next av block, while SCR _first current is

the SCR of the first pack in the present AV block. Each SCR
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the timng at which decoding is commenced for the first AV bl ock can be

del ayed, which is to say, the supply of data to 10 t he decoded may be
del ayed until sufficient data is accunulated in the buffer, thereb
ensuring UWORe478Upt ed reproducti on between the first and“§%83ﬁﬂ"5% bl ocks.
The | ast AV bl ock, neanwhile, is not foll owed by any particular AV data,
meani ng that the reproduction may sinply end with 15 this | ast AV bl ock.
(3-2) Functional Blocks of the DVD Recorder 70 Fig. 41 is a function bl ock
di agram showi ng the construction of the DVD recorder 70 divided into

functions. 20 gnowEaghe fti ia@Nwhichi the 4brirespéadingdbdrk shoeulPbé a in the
control unit 1 executing a programin the ROM|le to control the hardware

shown in Fi g. ohifputhed Didmplthge tratk Buffed] tonthadéecades .dfbe wetlrifitng
unit 100, the disc reading unit 101, the common file system 25 unit 10,
the AV file sypERemianl {27 megasecreddr di ng- editing- reproduction control

unit 12, the AV data recording.unit 13, 157, the AV data.r tion
unit 14, and the AVS d3RUWTe dif %ﬁ@ gheye 1E§ua(t%9§_s_1§' ﬁ%/_céj’Ré%gr &P{l}g nit 100 -
Disc Reading Wit 191,90 av piock & Jt923h di "Pe Ul iicul@@e@PEA AL €S as

follows. “On reéceiving an input o?ﬁtﬂgaﬁ%glcaﬁggector nunber from which
recording is tStabhcéngidhendabarhgl ot egeeded tromu Rateommon file

systemunit 10 and the AV file systemunit 11,

Equation 5 applies to a case where no defective sectors
exist on the optical disc. When such sectors are present,
the number of ECC blocks Necc required to ensure |

10 uninterrupted reproduction is as described below.

It is presumed here that the AV block area includes ECC
blocks with.defective sectors, the number of which is
represented as "dN_ecc". No Av data is recorded into the
dN_ecc defective ECC blocks due to the ECC block skipping

15 described above. The loss time Ts caused by skipping the
dN_ecc defective ECC blocks is represented as_"T4*dN ecc, "
where "T4" represents the ECC block skip time for the model
shown in Fig. 40.

To ensure the uninterrupted reproduction of the AV data

20 when defective sectors are included, the AV block area needs

to include as the number of ECC blocks as represented by

Equation 7.

Equation 7
25 N _ecc > dN_ecc + V *(Tj+Ts)/((16%8%2048)*(1-V,/V,.))
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the disc recording unit 100 noves the optical pickup to the 10

appropriate logical sector nunber and has the optical pickup record data in
ECC bl ock ug&; AQ%Q sectors) into the indicated sectors on the disc. Wen
the ampunt of data to be recorded is bel ow 16 sectors, the RffEP¥MB di ng
unit 100 first reads the data, subjects it to ECC processing, and 15
records it onto the disc as an ECC bl ock. The disc reading unit 101
operates as follows. On receiving an input of a |ogical sector nunmber from
which data is to be read and a nunber of sectors fromthe common file
systemunit 10 and thA® desdribedsaboes uthd shke blietHs SOV Hock keadi pg unit
101 noves the optical gickup to the appropriate | ogical sector nunber and
has the optical SAFERLPLSLdFHaFarnnl E£CC Wiesc houdeEsctivamddutorndicat ed

| ogi cal sectors i SC ding unit 101 has ECC processing perforned on
the read data aﬁéngﬁg'sfae’%‘%ef% g?ﬁ%ulraequh@& defecrivatseatorshares

common file sys%gggga{; 10. As with the disc recording unit 100, the disc
reading unit 101 reads VOBs in units of 16 158 sectors for each ECC

bl ock, therseby reducitigsHdidoyer REeés ndrd 4ndk QH% Iﬂe%ﬁ%t %s&&gl%?%%%clo 5

The common file systemunit 10 provi des the recor ing-r tion
control unit 120ftaepltaldity pecav bk thd3sitbe M dalsd AGPEPIYEL I

unit 14, and the AV data editing unit 15 with the standard functions for
accessi ng data PBFnBtedtthastdpabisfn®yuatsonl ECo# 3846.Thilkese because
the timing at which decoding is commenced for the first AV
block can be delayed, which is to say, the supply of data to
10 the decoded may be delayed until sufficient data is
accumulated in the buffer, thereby ensuring uninterrupted
reproduction between the first and second AV blocks. The

last AV block, meanwhile, is not followed by any particular

AV data, meaning that the reproduction may simply end with

15 this last AV block.

(3=2) Functional Blocks of the DVD Recorder 70

Fig. 41 is a function block diagram showing the
construction of the DVD recorder 70 divided into functions.
20 Each function in Fig. 41 is realized by the CPU la in the

control unit 1 executing a program in the ROM le to control

the hardware shown in Fig. 17
The DVD player of Fig. 41 includes the disc recording
unit 100, the disc reading unit 101, the common file system
25 unit 10, the AV file system unit 11, the recording~-editing-

reproduction control unit 12, the AV data recording unit 13,
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10 standard functions provided by the common file systemunit 10 control
the disc recording unit 100 and the disc reading unit 101 to read or wite
data onto or fromthe DVD-RAMin directory units and file units

Repr esent aig ssasmxanpl es of the standard functions 15 5?“8\9?98’8@7?)y t he
common file systemunit 10 are as follows. 1. Having the disc recording
unit 100 record a file entry and output the file identification descriptor
to the recording-editing-reproduction control unit 12, the AV data
recording unit 13, the AV data reproduction unit 14, and the 20 AV dat a
editing unit \Y; (o di ar h (oF'} tdadtcimgcl udes
one file |ntdé§n enﬁ%@ga?é%#égyé%ldﬁt?ggel%g ?ﬁgpgpgcRYeéﬁﬁ%g unltglol to
read the fil eghghentg fication descriptor of a specified file froma 25
DVD-RAM 4. Controlling the disc recording unit 100 to record 159 menory
present in the nmenory onto the disc as a non-AV file. 5. Controlling the

di sc readi ng unit 101 to read an ext ent that conposes,a flle r.ecorded on
the disc. 6. A _ Digg peording Unid: 100 (RischReading, | ek optical

i ckup to a deS|red osition in the exte t hat co S 0 use an
8f thg f @nct i ons (Tﬂeptd&s%’fec‘t’?%"‘}ged’&l% ﬂéé WS- gprf%%' "{IOI’I lﬁontrol d

unit 12 to ANEggéfbfﬁa %5n9nﬂgﬁtof the logical sector number from which

recording is to start and the data to be recorded from the

common file system unit 10 and the AV file system unit 11,
the disc recording unit 100 moves the optical pickup to the

10 appropriate loQical sector number and has the optical pickup
record data in ECC block units (16 sectors) into the
indicated seétors on the disc. When the amount of data to
be recorded is below 16 sectors, the disc recording unit 100
first reads the data, subjects it to ECC processing, and

15 records it onto the disc as an ECC block.

The disc reading unit 101 operates as follows. On
receiving an input of a logical sector number from which
data is to be read and a number of sectors from the common
file system unit 10 and the AV file system unit 11, the disc

20 reading unit 101 moves the optical pickup to the appropriate
logical sector number and has the optical pickup read data
in ECC block units from the indicated logical sectors. The
disc reading unit 101 has ECC processing performed on the
read data and transfers only the required sector data to the

25 common file system unit 10. As with the disc recording unit

100, the disc reading unit 101 reads VOBs in units of 16
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15 may issue a command to the comon file systemunit 10 to 10 i ndi cate
the file to be read or recorded as a paraneter. Such commands are called

conmon file“iﬁéhgggoriented commands. Various types of commn file
systemoriented comuands are available, such as "(1) CREATEPCTAPHWEBETE"
15 "(3) OPEN/ CLOSE", "(4)WRI TE", "(5)READ', and "(6)SEEK'. Such commands
are respectively assigned to the functions (1) to (6). In the present
enbodi ment, the assignment of conmands to the standard functions is as
follows. To use function 20 (1), the recording-editing-reproduction
control unit 125%¢t9¢ doracadh tF¢y _ivick, 15hangby ssadncinyCREATE e xioratsnd t 0
the comon file systemunit 10. To use function (2), the

recordi ng-editing-reproduction control unit 12 to AV data editing unit 15
may issue a "DELETE" command to the common 25 file systemunit 10. 1In
the sane way, to respectively use functions (3), (4), (5), and (6), the

recording-editi1gE;gggugm%§§g%§ggg£k%%gggﬁiﬁgkéxnit 12 to AV data editing
unit 15 may issue an "OPEN CL ) ) D' or "SEEK' conmmand to the
common fil& system umet chfimod £fild Iydtdh AVifl 1€ pRetifEsURht AdcoBngY file
systemunit 11 provides the AV data recording unit 13, AV data reproduction
unit 14, and AeddtiRgediepragucticn ontrdh exiendsd thenali aasa Widdraang only
unit 13, the AV data reproduction unit 14, and the AV data
editing unit 15 with the standard functions for accessing
data format standardized under ISO/IEC 13346. These
10 standard functions provided by the common file system unit
10 control the disc recording unit 100 and the disc reading
unit 101 to read or write data onto or from the DVD-RAM in
directory units and file units.
Representative examples of the standard functions
15 provided by the common file system unit 10 are as follows.
1. Having the disc recording unit 100 record a file
entry and output the file identification descriptor to the
recording—editing-reproduction control unit 12, the AV data
recording unit 13, the AV data reproduction unit 14, and the
20 AV data editing unit 15.
2. Converting a recorded area on the disc that includes
one file into an empty area.
3. Controlling the disc reading unit 101 to read the
file identification descriptor of a specified file from a

25 DVD-RaM.

4. Controlling the disc recording unit 100 to record
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necessary when recording or editing an AV file. These 10 ext ended
functions cannot be provided by the conmmon file systemunit 10. The
followi ng are representative exanpl es of these extended functions. (7)
Witing a woOBumst has been encoded by the MPEG 15 encBEEIPIOHAt 0 a
DVD- RAM as an AV file. (8) Cutting out an indicated part of the VOBs
recorded in an AV file and setting the part as a different file. (9)
Clearing an indicated part of the VOBs recorded in an AV file. 20

(10) Linking two AV files that are present on the DVD- RAM wi th VOBUs t hat

have been re- enefsiad presentli W tHe tRMoRy0SLELIthe RikBeasid Slora¥ geLond
enbodi nents. To use the extended functions (7) to (10), the

recordi ng- edi ti ng- repCodticblbing diter dliisanr¢adihg andY H6t at@5ead aediting
unit 15 may issue a comuand to the common file systemunit 10 to indicate
the file to beS¥&RMy F&AL FPARRILS Bofile é?c%liﬁe%@[n thgcHigdnmands are

Cormands " AV VR TS COBEFOALIAGARTERRS SRR AGERAR® 0L SO ROrEe with
e o B BB e e S IS RIS A0 L1
as follows. Tochisodd@ file.
To use any of the functions (1) to (6), the recording-
editing-reproduction control unit 12 to AV data editing unit
15 may issue a command to the common file system unit 10 to
10 indicate the file to be read or recorded as a parameter.
Such commands are called common file system—oriented
commands . |
Various types of common file system-oriented commands
are available, such as " (1)CREATE", " (2)DELETE",
15 " (3) OPEN/CLOSE", " (4)WRITE", "(5)READ", and " (6)SEEK". Such
commands are respectively assigned to the functions (1) to
(6).
In the present embodiment, the assignment of commands
to the standard functions is as follows. To use function
20 (1), the recording-editing-reproduction control unit 12 to
AV data editing unit 15 may issue a "CREATE" command to the
common file system unit 10. To use function (2), the
recording-editing-reproduction control unit 12 to AV data
editing unit 15 may issue a "DELETE" command to the common

25 file system unit 10. In the same way, to respectively use

functions (3), (4), (5), and (6), the recording-editing-
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function (7), the AV data recording unit 13 to AV data editing unit 15 may
i ssue an AV-WRI TE command. To use the 10 function (8), the AV data
recordi ng UW&69Q§W%P AV data editing unit 15 may issue a SPLIT comand.
Simlarly, to use the function (9) or (10), the AV data recbrUi§tiit 13
to AV data editing unit 15 may issue a "SHORTEN' or "MERGE" command. Wth
function (10), the extent of the file after 15 linking is as long as or
| onger than an AV bl ock. (3-2-4) Recording-Editing-Reproduction Control
Unit 12 The recordi ng-editing-reproduction control unit 12 issues an

OPEN CLCSE conneﬁﬁ?rt‘%%éfﬁtilﬁ’ai%%*é%oldimé@t dRytoAibsia2@ edia$nganrEntetls malyo

the common file system upj nd, by, _doing so has the common file system
unit 10 read a plfglusﬁla ?P y Q#Eﬁ}&%gﬁ%en%(ﬁﬁﬂﬁgi orREFEX'c PEpl SEEK T renmmand to

DVD- RAM  The rquﬁgkggmﬁgifiﬂ%-{iﬁgﬁﬁi%ﬁgggggcontroI unit 12 then anal yzes

the directory structure of t _ the file 25 identification
descriptors and receives a user indication of a file or directory to be
oper at ed upon. 162 On receiving the user indication of the target file
or directory, thiéa2e3dr AVnRHilkelisystenm gaioduction control unit 12 identifies
the desired operation content based on the user operation notified by-the
renote control signaf?s AV fikemistemupnnit 81 gnobviisieseshé st rdita ons t o

have the AV datag recarding unit 13, the AV data reproduction unit 14, and
the AV data edi taﬁer?g)rgﬁf’i’ ‘?%l‘be]rq"orl‘% CREa appREAsiuckden unit 14, and AV data

editing unit 15 with extended functions which are only
necessary when recording or editing an AV file. These
10 extended functions cannot be provided by the common file

system unit 10.

The following are representative examples of these

-eXxtended functions.
(7) Writing a VOB that has been encoded by the MPEG

-15 encoder 2 onto a DVD-RAM as an AV file.

(8) Cutting out an indicated part of the VOBs recorded
in an AV file and setting the part as a different file.

(9) Clearing an indicated part of the VOBs recorded in
-an AV file.

20 : (10) Linking two AV files that are present on the DVD-
RAM with VOBUs that have been re-encoded according to the
procedure in the first and second embodiments.

To use the extended functions (7) to (10), the
recording-editing-reproduction control unit 12 to AV data

25 editing unit 15 may issue a command to the common file

system unit 10 to indicate the file to be recorded, linked,
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processing for the file or directory indicated as the operation target.

To have the user indicate the operation target, the

recordi ng-edi ting-reproduction control unit 12 outputs grg&@k&% ta, which
visual |y "Me@P¥esits the directory structure, the total nd ¥
and the data sizes of enpty areas on the present disc,

10

V files,
to the video signa

15 processing unit 5. The video signal processing unit 5 converts this

graphics data into an inage signa

72. Fig. 42 shows an exanpl e of the graphics data displayed on the TV
moni tor 72 under chbeowwint Sakhotormiendseaeedcalie®®v fiddi sysgemepr oducti on

control unit 12. During the display of this graphics data, the display

col or of any ofiehted¢asmapdsdi réeter itde AHyLtlerapstes-ohréenR A enti al

operation targets. This chanﬁe in color is used to focug t
the user, andceBmpRAE JIAVEWRL

nornmal col or,

presses the n&ggg%@i%ﬁ‘?'ﬁz‘ gg.ﬁ%?ce%etfg% "r%cs)rggﬁ %%f%fas‘?iwgﬁégd?%p :; of the

h
E"» { RIS Lo o SHORER | AR, SMERCR A5,

file or dj reckggxtiéﬁ% IB ¢drreptly in the focus state returns to the
a dff

nornal state an
di spl ayed in the fogusheéipiegenefb@iimedit,t BReliseigmtendi bEctommasisi s 5

erent, newWy-indicated file or directory is

in the focus state, the recording-editing-reproduction control unit 12
waits for thetosthetextrrstes fhactiond iisrias follows. To use the

10

15

20

25

function (7), the AV data recording unit 13 to AV data
editing unit 15 may issue an AV-WRITE command. To use the
function (8), the AV data recording unit 13 to AV data
editing unit 15 may issue a SPLIT command. Similarly, to
use the funétion (9) or (10), the AV data recording unit 13
to AV data editing unit 15 may issue a "SHORTEN" or "MERGE"

command. With function (10), the extent of the file after

linking is as long as or longer than an AV block.

The recording-editing-reproduction control unit 12
issues an OPEN/CLOSE command that indicates directory names
as parameters to the common file system unit 10, and by
doing so has the common file system unit 10 read a plurality
of file identification descriptors from the DVD-RAM. The
recording-editing-reproduction control unit 12 then analyzes
the directory structure of the DVD-RAM from the file
identification descriptors and receives a user indication of

a file or directory to be operated upon.
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and has it displayed on the TV nonitor

attention of
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key on the renote controller 71. Wen the user presses the enter key, the
recordi ng- editing-reproduction control unit 12 identifies the file or 10
directory that..) urrently in the focus state as a potential operation
target. In f?hagg, the recording- editing-reproduction cSﬁ?@Bﬁmﬁﬁ?t 12
can identify the file or directory that is the operation target. To

i dentify the operation content, however, the 15

recordi ng-editing-reproduction control unit 12 determ nes what operation
content has been assigned to the key code received fromthe renote control
si gnal reception uni@n gecaivimpvirheomsemeihéitaisiate off thegtaddet ks wirt h
the legends "PLAY', "REWND', "STOP', "FAST FORWARD', "RECORD', "MARK"', 20
"VI RTUAL EDI T", 4345 50%¥AL the) Fecordingredéhingrrenrodushion comtral luit7 1.

In this way, t recording-edi ting-, reproduction control unit 12 identifies
t he operation E%ntlgcﬁet%%qr%lgga%é%l ‘ge%llrﬁg BRBFa LI AT §RE PR ERA QT thede
received from tfgey ofalali s &1 0N eptian unit 8. 25 164

(3-2-4-1) Operation E?gﬁtgg 1EI' ef’t (anﬂgeg:%%c%%/oe(f t??n%:ﬁgl_ s:.gna61

Recor di ng- di t i repdRarioaduni t o), Gt i@kubBi {ndPruthe ARCELS AR GO QRS are

classified into operation contents that are provided on conventional -
domestic AV 5 datequiesending amd tois, athenav N treprBaticBi 6n SR aldly
provided Tor vigep gl b ued et s e peForn o). dpprops:

g uni perform the appropriate
processing for the file or directory indicated as the
operation target.

10 To have the user indicate the operation target, the
recording-editing-reproduction control unit 12 outputs
graphics data, which visually represents the directory
structure, the total number of AV files, and the data sizes
of empty areas on the present disc, to the video signal

15 processing unit 5. The video signal processing unit 5
converts this graphics data into an image signal and -has it
displayed on the TV monitor 72.

Fig. 42 shows an example of the graphics data displayed
on the TV monitor 72 under the control of the recording-

20 editing-reproduction control unit 12. During the display of
this graphics data, the display color of any of the files or
directories may change to show potential operation targets.
This change in color is used to focus the attention of the
user, and so is called the "focus state". Display using the

25 normal color, meanwhile, is called the "normal state”.

When the user presses the mark key on the remote
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"rew nd", "st
category, whi
| atter catego

op", "fast forward", and "record" all fall into the forner
le "mark", "virtual edit", and "real edit"” all fall into the

ry. 10 A "pl ay" operation has the DVD recordgg 70 play

back a VOBWO#14758 recorded in an AV file that is specifi BET/ZRS0f]

operation tar
back a presen

VOB in the foreg@ikadileecyipntheA disptaydsst ofies adilenobaditdurdryDthetoisler 70

generate a 20

get. A "rewi nd" operation has the DVD recorder 70 rapidly play

tly reproduced VOB in reverse. 15 A "stop" operation
has the DVD recorder 70 stop the reproduction of the present VOB. A "fast
forward" operation has the DVD recorder 70 rapidly play back the present

new AV file in the directory indicated as the operat

i on

target and wicwrnendlyoBnt thedfqausostiatie i retunnise tre®h@A\ngymad, sTREgeand

operations in
conventi onal
and CD pl ayer
users 165

sections gf moumi &Hd Bk es alle, OhneaBdcsPhi

novi e sequenc
I ncluded int

10

15

20

25

this forner category are wel]-known to users, as,qucti

Rrftistier Ry eRtif piremidicesed TlR1pTadiFPOERFE AT &HER
Sin tHE® [ARRLALIANS | AntRCah gl LR Le9RL Yo R ARELALEES

0 use an anal ogy O g a conventional novie

ns of

P¥T%r der s

%?Im

di@9aLbespiudeadrce a new

e. A "mark" operation has the %ﬁD recorder 70 replay a VOB 5

heéor®¢dll haitnik oadiad FDrt BRe OpIMitcOPress Oie "confirm”
key on the remote controller 71.

When the user presses the enter key, the recording-
editing~reproduction control unit 12 identifies the file or
directory that is currently in the focus state as a
potential operation target. In this way, the recording-
editing-repfoduction control unit 12 can identify the file
or directory that is the operation target.

To identify the operation content, however, the
recording~editing-reproduction control unit 12 determines
what operation content has been assigned to the key code
received from the remote control signal reception unit 8.
As shown on the left side of Fig. 41, keys with the legends
"PLAY", "REWIND", "STOP", "FAST FORWARD", "RECORD", "MARK",
"VIRTUAL EDIT", AND "REAL EDIT" are present on the remote
controller 71. In this way, the recording-editing-
reproduction control unit 12 identifies the operation
content indicated by the user according to the key code

received from the remote control signal reception unit 8.

164

i



and marks desired i mages out of the video i nmages replayed by the VOB. To
use the analogy of editing a novie film this "mark" operation involves the
mar ki ng of ' ere the filmis to be cut. 10 "virt edit"
operation h%%i’s VD recorder 70 select a plurality of pa?FérX’ﬁsmg% poi nt's
I ndicated by a mark operation as reproduction start points and reproduction
end points and then define a |ogical reproduction route by assigning a
reproduction order to these pairs of points. 15 In a virtual edit
operation, the section defined by one pair of a reproductjon_ start point
and reproducti or = po-rReid =QEENES EaRRERRd QY LIS The

bL

ch

reproduction r e ned. Ssl.ani.ng, a r- roduct i.on_order to the cells
is called a "pr Crog%ﬁ E%g*ﬁi%f)%.dugtnﬁ\o% ggﬂn%rggi mep{eérjat ion has the DVD
recorder 70 cut out Tﬁ@C@péz?é?Eﬂd?PchQEHEEe&’r@%laas%‘ilfhe&rQﬁ’&@rbfp%\faft'ibﬁ _
recorded on a DVD-RAM set the cut-out sections as separate files, and |ink
a plurality of comteatts skeft iafs pridvadsar o schwinttiohBe depssxdiectaivon or der

shown by a program chain. Such edit 25 operations are anal ogous to the
cutting of3a nRAWEPMenik aand npearatied postentmshandarkespeptialily of the cut
sections 166 together. In these edit operations, the extent of the

linked files i PRTHL OB ifieareitiRgn e SREFGIACOPXBMRIIY LIPIEN." The
recordlng-edltnqg&ﬁ%BQQdugélqn q&ptrol unlar%Z

op”, ast forwar and "record"™ all fall into
the former category, while "mark", "virtual edit", and "real
edit™ all fall into the latter category.

10 A "play" operation has the DVD recorder 70 play back a
VOB that is recorded in an AV file that is specified as the
operation target.

A "rewind" operation has the DVD recorder 70 rapidly
play back a presently reproduced VOB in reverse.

15 A "stop” operation has the DVD recorder 70 stop the
reproduction of the present VOB.

A "fast forward" operation has the DVD recorder 70
rapidly play back the present VOB in the forward direction.
A "recordf operation has the DVD recorder 70 generate a

20 new AV file in the directory indicated as the operation
target and write the VOB to be recorded into the new AV
file.

These operations in this former category are well-known
to users as functions of conventional domestic AV equipment,

25 such as video cassette recorders and CD players. The

operations in the latter category are performed by users
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5 controls which of the AV data recording unit 13 to the AV data editing
unit 15 are used when perform ng the operation contents descri bed above. In
addition to specifying the operation target and operation content, the

r ecor di ng- We#715g- r epr oduct i on control unit 12 chooses t REI/EEMBPHF} i ate 10
conponent (s) for the operation content out of the AV data recording unit 13
to AV data editing unit 15 and outputs instructions informng these
conponents of the operation content. The following is a description of
exanpl e instructions 15 that the recording-editing-reproduction control

unit 12 gives whehhetAVisdaba BREDSEH F edlitidg, a ldvhviMtaahal rapFieduct i on

unit 14, and the AV data editing unit 15 using conbinations of an operation
target and an &ptratsestiomst efitmoRie film arelcufiapnt 42d sphkickd ectory "DVD
Video" is in the focus state, so that if the user presses the "RECORD' key,
the recordi ng- EAFEFRRE rtHPEAGEES of RhIEFLe useguerEs . dent i fies the directory

The Fecor di ng- edi {1 QRS OPP BNt AR PECHY TeHTEEe 1 J0SERRAAR & HEPAY
oL P ELadd B e RSBt P RRLPRRLOY Bigher 16T
file in the di apgtmdykd s 2bedimsgdNRuePBEANOR i I8hages replayed by

the VOB. To use the analogy of editing a movie film, this

"mark" operation involves the marking of points where the

film is to be cut.

10 A "virtual edit" operation has the DVD recorder 70
select a plurality of pairs of two points indicated by a -
mark operation as reproduction start points and reproduction
end points and then define a logical reproduction route by
assigning a reproduction order to these pairs of points.

15 In a virtual edit operation, the section defined by one
pair of a reproduction start point and reproduction end
point selected by the user is called a "cell”. The
reproduction route defined by assigning a reproduction order
to the cells is called a "program chain™.

20 A real "edit" operation has the DVD recorder 70 cut out
each section indicated as a cell from an AV file recorded on
a DVD-RAM, set the cut-out sections as separate files, and
link a plurality of cut-out sections in accordance with the
reproduction order shown by a program chain. Such edit

25 operations are analogous to the cutting of a movie film at

the marked positions and the splicing of the cut sections

166




When the file "AV FILE#1" is in the focus state and the 5 user presses
the "PLAY" key on the renote controller 71, the
recording-eqxéggﬂﬁgpproduction control unit 12 identifies the file -
"AV_FI LE#1" as the operation target and "play" as the oper af$EHF88H 2nt .
The recordi ng-editing-reproduction control unit 12 selects the AV data
reproduction unit 14 as 10 t he conponent capable of performng a play
operation, and instructs the AV data reproduction unit 14 to reproduce the
AV file indicat%d as the operation target. Wen the:file "AV_FILE#1" is in
the focus state SRE 8% uddr thREgsedit MmperutRhs keyhorexttents efotke

controller 71, .y .recording-editing-reproduction control unit 12
identifies the ?‘?ﬁ%&éﬁ%ﬁﬁ_éﬁleqﬁglt% Vp&rgetern thawetheaddnytbr &t eme t he

operati on conteﬂv.bﬂggkfécording-editing-reproduction control unit 12
selects the AV data editing unit 15 as the conponent capabl e of performng

R A T

performa marki ng operation for the AV il I cated as

target. (392-5 fonDxlks RadohddAgthéiAy HAtEheeAYrdBlf JrfGOn di ]gg 0 tad3
controls encoding 25 operations of the MPEG encoder 2 while Issuing
common file systdtd Adiddngdunstmii dreans eAVihih epeSdraiingr tREt G5k A58 on
comands in a péedeternined order to the comon file systemunit 10 and the
AV file system GRTTSIE 985°0LPRY aRPVe:-he InVadditioredur dprgifiplng therakes

use of the funcions il E%Qget and operation content, the recording-
editing~reproduction control unit 12 chooses the appropriate

10 component (s) for the operation content out of the AV data
recording unit 13 to AV data editing unit 15 and outputs
instructions informing these components of the operation
content.

The following is a description of example instructions

15 that the recording-editing-reproduction control unit 12
gives to the AV data recording unit 13, the AV data
reproduction unit 14, énd the AV data editing unit 15 using
combinations of an operation target and an operation
content.

20 In Fig. 42, the directory "DVD_Video" is in the focus
state, so that if the user presses the "RECORD" key, the
recording-editing-reproduction control unit 12 identifies
the directory "DVD_Video" as the operation target and
"record"” as the operation content. The recording-editing-

25 reproduction control unit 12 selects the AV data recording

unit 13 as the component Capable of performing a record
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(10) and realizes recording operations. 5 (3-2-6) AV Data Reproduction Unit
14 The AV data reproduction unit 14 controls decodi ng operations of the
MPEG decoder 4, while issuing cormon file systemoriented commands and AV
file systawoewidesit ed 10 commands in a predeterm ned of§EP¥EE4Re common
file systemunit 10 and the AV file systemunit 11. By doing so, the AV
data reproduction unit 14 nakes use of the functions (1) to (10) and
realizes "play", "rewind", "fast forward", and "stop" operations. 15
(3-2-7) AV Data Editing Unit 15 The AV data editing unit 15 controls the

decodi ng oper %EEQQEJ'.@&, tdify VREG-decodde 4v WRthEréSsiting @ameoIs fid e
e

systemori ent commands and AV file systemoriented 20 commands in a
pr edet er m ned gehdeaté Oa trhwar QENERDe fid eiry dieecuory iMiiiamadtetihes Ahd | e
systemunit 11. By doing so, the AV data reproduction unit 14 makes use of
the functi ons cpeyratbog 1tBrge¥d real i zes "mark", "virtual edit”, and "edit"

operations. 25 In more detail, oq‘neceivin%B#nstruct%ons érégnthe
recor di ng- edi ti ng- FBpR oeRRethids CAMLFERERI ds15nt Breef I hET268 27 AV il e

:jg? ;C?;g?%gﬁ thg%ﬁo ﬁ;?&éﬁ%r}ear"gﬁﬁf"t eey '66\1/1 %%teargrcnjci){é. n&n@otllé;’ J’l"f‘,s ﬁr{ée AV
recording-editing-reproduction control unit 12 identifies
the file "AV_FILE#1" as the operation target and "play" as
the operation content. The recording-editing-reproduction
control unit 12 selects the AV data reproduction unit 14 as

10 the component capable of performing a play operation, and
instructs the AV data reproduction unit 14 to reproduce the
AV file indicated as the operation target.

When the file "AV FILE#1" is in the focus state and the

user presses the "MARK" key on the remote controller 71, the

15 recording-editing-reproduction control unit 12 identifies
the file "AV_FILE#1" as the operation target and "mark" as
the operation content. The recording-editing-reproduction
control unit 12 selects the AV data editing unit 15 as the
component capable of performing a mark operation, and

20 instructs the AV data editing unit 15 to perform a marking

operation for the AV file indicated as the operation target.

-2=-5 AV D rdin i
The AV data recording unit 13 controls encoding
25 operations of the MPEG encoder 2 while issuing common file

system-oriented commands and AV file system-oriented
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reproduce the indicated AV file and nonitors when the user presses the
"NARK key on the renote controller 71. Wen the 5 user presses the

" MARK" key P@g,;he reproductlon the AV data editing unit 15 w i
i nfornation ca a "mark point" onto the disc as a non- AVCT’I’T%’““F?N s mark
point information shows the tinme in seconds fromthe start of the
reproduction of the AV file to the point where the user 10 pressed the
"MARK" key. On receiving instructions fromthe recording-editing-
reproduction control unit 12 for a virtual edit operation, the AV data
editing unit 1§°§'§‘ﬁ€?‘§tw‘s% 3 rﬁltﬁdlﬁtemnemaardﬁe:f itoesha d:mgnmalfnlepsgdueml on

route in accordan e1 th t{b user key operations of the renote
control |l er . VAt eecfivt |ff‘r@;eu?tY§teI‘5 UHéEN 1 ont By dodige seontibe AV | e
system uni t 10d§cgt f;Q is witt onto the DVD-RAM as a
non-AV file. On rgcg?%?fntgﬂxﬁts"{ﬁr gpﬁ JHi& r& %&Eof“&l‘i“?ﬁ}% tlithgEe20

reproduction cqnhnogn@ntéaggéégo& é gggﬁ tion, the AV data editing
unit 15 cuts out the sections ofetoe \&;§%ﬂaaﬂﬁ ﬁgated as cells and sets

the cut-oWlt sections as separate files which it Iinks to forma sequence of
cells. Wen linking a pIurallty of flles the AV data editing 25 “unit 15
perforns processkRge DRatas Repirodn o anhdet ian of images w il be

achi eved. This neanihthat there wil | be no 170 interruptions in the

i mage di spl ay when ¢ it slpta/repradpgtion unit 14 controls decoding

operations of the MPEG decoder 4, while issuing common file

system-oriented commands and AV file system-oriented

10 commands in a predetermined order to the common file system
unit 10 and the AV file system unit 11. By doing so, the AV
data reproduction unit 14 makes use of the functions (1) to

{(10) and realizes "play”, "rewind", "fast forward", and
"stop"” operations.

15

{3-2-7) AV Data Fditing Unit 15

The AV data editing unit 15 controls the decoding
operations of the MPEG decoder 4, while issuing common file
system-oriented commands and AV file system-oriented

20 commands in a predetermined order to the common file system
unit 10 and the AV file system unit 11. By doing so, the AV
data reproduction unit 14 makes use of the functions (1) to
(10) and realizes "mark", "virtual edit”, and "edit™
operations.

25 In more detail, on receiving instructions from the

recording-editing-reproduction control unit 12 to mark the
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reproduced. The AV data editing unit 15 |links extents to nmake all extents,
except for the last extent to be reproduced, equal to or greater than the
AV bl ock length. 5 (3-2-7-1) Processing for Virtual Edits and Edits by the
AV Data EdWO4Wiit 15 Fig. 43 is a flowchart for the pr8ETIREMEITH¢
virtual edit and real edit operations. Figs. 44A to 44F are figures 10
showi ng a suppl enentary exanple of the processing by the AV data editing
unit 15 according to the flowhart of Fig. 43. The follow ng describes the
editing processes of the AV data editing unit 15 with reference to the
flomchart of FAY.fiP dmdithtedxasihe iopeFatyson 4k det,48he A data The AV
file shown in Fig. 44A is already stored on the DVD-RAM VWhen this AV file
i s indicated a8dtHerDpeist tonhaargdw AVt Hatasegpynducsdent wait BidAYy" key on
the renote control I(gﬂr 71 Thg, recoy di n%-, edi ting-reproduction . control unit
12 detects keyToREIdHIeARe L{pdicafed AN Tife RRG MORGLOTS pWReN Lhe hser\npy

e Ero 2B 8 RS LS5, LI A SGE D i M

commence the production of e _ he_start of
reproductison, H8ér r;ﬁd%rs%@gci:hé’n"hmme@c@%éﬁrixﬁé e Rprbif®tich, Rnki gv 44B
" ke

when the user 25 next presses the "MARK y. In"response to thi's, the
AV dat a edi ti ndatmidditingetinit S5 narikepoinféima titonc lkadipd es Ssark/ 1
point" onto the disc as a non-AV file. This mark point
information shows the time in seconds from the start of the
reproduction of the AV file to the point where the user
10 pressed the "MARK" key.

On receiving instructions from the recording-editing-
reproductioﬁ control unit 12 for a virtual edit operation,
the AV data editing unit 15 generates information that
defines a logical reproduction route in accordance with the

15 user key operations of the remote controller 71. The AV
data editing unit 15 then controls the common file system
unit 10 so that this information is written onto the DVD-RAM
as a non-AV file.

On receiving instructions from the recording-editing-

20 reproduction control unit 12 for a real edit operation, the
AV data editing.unit 15 cuts out the sections of the DVD-RAM
indicated as cells and sets the cut-out sections as separate
files which it links to form a sequence of cells.

When linking a plurality of files, the AV data editing

25 unit 15 performs processing so that seamless reproduction of

images will be achieved. This means that there will be no
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arelative tinme code for tinme t1l, into the present AV file. The user
subsequently presses the "MARK'" key a total of seven tinmes at tinmes t2, t3,

t4, ... t8. @ﬁﬁmpnse, the AV data editing unit 15 sets the nmark {)oi'nts
#2, #3, #4, #5, ... #8, which express relative-tinme cof€¥FHONBne 2,
t3, t4, ... t8, into the present AV file, as shown in Fig. 44B. After the

execution of step S1, the processing proceeds to step S2 where the AV data
editing unit 15 has the user indicate pairs of nmark points. The AV data
editing unit 15 10 then determnes the cells to be reproduced within the
present AV file TRESEERRIRSeini the timageciddspidy pahers oflinked AV fike I
Fig. 44C, the usae_% é&iﬂccaqt,es hat nmark points #1 and #2 formpair (1), mark
poi nts #3 and #4 TRr M pait (3%‘? Marfates editippnuritycladdnks extenpmito (3),

and mark points pal e ln this way, the AV data editing
unit 15 sets the gA]\C/@g%tlg%v}\infttgh?%' %%%épégaifrorof:hﬁofﬁ% tentsépabate cell, and

SO in the presentepxsdided,sebial o faIGL8 , I #2 0
Cel | #3, and Cel |l #4. Note that in the gr eslg%? E%Anpﬁ‘]ee: Atgﬁlg ﬁ?ﬁoﬁ?égtgﬁiti ng
unit 15 maydalternatively set the pair of Mark#2 and Mark#3 as one cell,
and the pair of Mar k#{,4 and Mark#5 as another cell. Next, in step S3,” the AV

data editing uni e ZPCESDT X Noogual Ediats) S 885+ § MG
reproduction ordgE! t% i.h!e cells it has produced. In Fig. 44D, Ce
first in 172 = Unit 1 .

Fig. 43 is a flowchart for the processing of virtual

L IE
[IT#1 is the

edit and real edit operations. Figs. 44A to 44F are figures

10 showing a supplementary example of the processing by the AV
data editing unit 15 according to the flowchart of Fig. 43.
The following describes the editing processes of the AV data
-editing unit 15 with reference to the flowchart of Fig. 43
and the example in Figs. 44A to 44F.

15 The AV file shown in Fig. 44A is already stored on the
. DVD-RAM. When this AV file is indicated as the operation
target, the user presses the "PLAY" key on thé iémote
controller 71. The recording-editing-reproduction control
unit 12 detects key operations, so that when the user

20 presses the "MARK" key, the AV data editing unit 15 has the
AV data reproduction unit 14 commence the reproduction of
the AV file in step 's1.

After the start of reproduction, the reproduction

?roceeds as far as the time t1 in Fig. 44B when the user

25 next presses the "MARK" key. In response to this, the AV

data editing unit 15 sets the mark point#l, which exXpresses
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t he reproduction route (shown by the Il egend "1[err]" in the draw ng),
Cell #2 is the second in the reproduction route (shown by the | egend
"2[err]" in the drawing), and Cells #3 and #4 respectively are the third
and fourt woyiatse reproduction 5 route (shown by the F’é’@’éﬁ%@“"%[err]"
and "4[err]" in the drawing). By doing so, the AV data editing unit 15
treats the plurality of cells as a program chain, based on the chosen
reproduction order. Note that Fig. 44D shows the sinplest reproduction
order of cells, with the setting of other 10 orders, such as Cel | #3

[err] Cell#1 [eps]adGRld #3nbebbde R4 #meDei NG SBIAHeY pROSERD B Hinestep S6,
the AV data editing unit 15 nonitors whether the user has indicated the

reproducti on ghetisePraagsequehitly. plassebephS5"MARK" Adydat boali tafng unit 15
15 nonitors whether the user has indicated an editing operation for the
program chai nsevémrtines agetimesitht 63,1 8pr oducttifon, InhEeaRERRa t8&i ti ng

unit 15 instructs the AV data reproduction unit 14 to rg roggpgzthgsprogram
chai n indi cat 8Y #&ta ehtdadcbpdh. 1o pets the magk RAUIDHLS 8'r r dfuctPon

nstructins fromiie Y, dal e edl U DG AN 15, 106 AYcfial g epr ot on

unit 14 Ias the- I's the reproduction start
posi tion for ggll#l, @ Sheuncho FicserdttRy PILE, (e MBkhCeh Pigkumshas

noved to Mark inthe’/AVfile In accordance with 25 t he SEEK conmmand,
the AV data editingriuy trhkb eRasutien secisitep Hef vieten packsbingdoivreled2 read

by issuing a READ 173
to step S2 where the AV data editing unit 15 has the user
indicate pairs of mark points. The AV data editing unit 15
10 then determines the cells to be reproduced within the
present AV filé in accordance with the selected pairs of
mark points;

In Fig. 44C, the user indicates that mark points #1 and
$2 form pair (1), mark points #3 and #4 form pair (2), mark

15 points #5 and #6 form pair (3), and mark points. #7 and #8
form pair (4).

In this way, the AV data editing unit 15 sets the AV
data within each pair of points as a separate cell, and so
in the present example sets the four cells, Cell#l, Cell#2,

20 Cell#3, and Cell#4. Note that in the present example, the
AV data editing unit 15 may alternatively set the pair of
Mark#2 and Mark#3 as one cell, and the pair of Mark#4 and
Mark#5 as another cell.

Next, in step S3, the AV data editing unit 15 generates

25 a program chain by assigning a reproduction order to the

cells it has produced. In Fig. 44D, Cell#l is the first in
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command to the comon file systemunit 10. In this way, the VOBUs in Cell#1
are read fromthe DVD-RAM before being sequentially decoded by the MPEG
decoder 4 a ' ayed as inmages on the TV nonitor 72. 5 Once t he
VOBUs have been decoded as far as Mark#2;, the AV data edit BB ?P5 has

t he same processing perfornmed for the remaining cells. By doing so, the AV
data editing unit 15 has only the sections indicated as Cells #1, #2, #3,
and #4 reproduced. 10 The AV file shown in Fig. 44A is a novie that
was broadcast on television. Fig. 44F shows the imge content of the
different secti 8A8 FepxadustAonf rbete Thehmer biyoRhbel ey tHyter tiQ and tinme t1
Is the credit sgauence V1 which shows the cast and director of the novie.
The section 15 SF2¥R%keFelife {8 BhRl 399ARG Anj the heegriqdsictionadoate

sequence V2 of |.e g tself.  The.section between tine t2 and tinme t3 is
a comerci al segggﬁﬁ%% eaﬁeglgga-i fser Y et Graningls mnshdedds. #3hand
section betweenshi fBshet13! i t4 1s.i.ne second broadcast sequence V4 in
the novie. The 20 é;ect ir%%r]#bg?aeé%é tstlhr%'g:%t §n§ng°‘ﬁ% ’t%%rsr‘? lrﬁgr?ﬂ‘f‘?ﬁmn

broadcast sSequenocetd/S(sHownh®yTeNé Eleddy rBFWES flv 2, 4 nd t6
are set as Mark#1l, Mark#2, Mark#3, r k#4, Nhrk#g, %nd t%f?#%?“§%§“82rrs of

nmarks are set aBYcéding sofhéhdi Y| deraredrial 6eit S13 Lr23ts tE€t as a
progr am chai n. Vihen, ng?Lﬁnglg ;:%S as shown in Fig. 44E AV data 174
program chain, based on the chosen
reproduction order. Note that Fig. 44D shows the simplest
reproduction order of cells, with the setting of other.

10 orders, such as Cell#3 — Cell#l — Cell#2 — Cell#4, being
equally possible.

In step S6, the AV data editing unit 15 monitors
whether the user has indicated the reproduction of the
program chain. 1In step S5, the AV data editing unit 15

. 15 monitors whether the user has indicated an editing operation
for the program chain. When the user indicates
reproduction, the AV data editing unit 15 instructs the AV
data reproduction unit 14 to reproduce the program chain
indicated for reproduction.

20 On receiving reproduction instructions from the AV data
editing unit 15, the AV data reproduction unit 14 has the
optical pickup seek Mark#il which is the reproduction start
position for Cell#1, as shown in Fig. 44E. Once the optical
pickup has moved to Mark#l in the AV file in accordance with

25 the SEEK command, the AV data editing unit 15 has the

section between Mark#1l and Mark#2 read by issuing a READ
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editing unit 15 has the credit sequence V1 skipped, so that the
reproduction starts with the first novie sequence V2 given between the tine
tl and the t2. Following this, the AV data editing unit 15 has the

conmmer ci al woSgsste V3 5 ski pped, and has the second ntRA¥E¥™Miiknce v4
between the tinme t3 and the t4 reproduced. The followng is a description
of the operation of the AV data editing unit 15 when the user indicates a
real edit operation, with reference to Figs. 45A to 45E and Figs. 46A 10
to 46F. Figs. 45A to 45E show a suppl enentary exanple of the processing of
the AV data ee¢mmang #o thescommarh€iflleongsicen wiitFilQ. 4Bn thilke wagy i ahées nx,
Af in the flowhart of Fig. 43 and Figs. 45A to 45E indicate a position in
the AV file. YPRY%dMm Gﬁﬂlﬁgl 3R &HeRd SKoMecths DMD-RAMpcbafore hedisgessi ng of

the AV data editing.unit 15 for real edit operation. First, in step S8,
the AV data e%?%lerfgc l&ﬁ:ly %%C%‘getde?% Egg %EEQ @55"1"%45%’&%%??1@%? 3_?2 to be
cut out from {fesdd @3eRhe AW frdif to? chordance with the program chain 20

t hat was generated during a virtual It operation. The "source AV file" in

Fi g. 45Ashas been @iceéeBhé heonty kaR@i Bben Muddiba #3, £43.as Marki8, fhe cells
t hat have been set for this source AV file are defined by pairs of the mark

poi nts Mar k#1aV #tat#@diting wifit 96 hhatthdisahé @abae@bing pRaifbirmgduni t 15
treats the mark points in each pair as an editing start point and an
editing end pEfhtther #epaéring|gells. By doing so, the AV data editing

unit 15 has only the sections indicated as Cells #1, #2, #3,
and #4 reproduced. |

10 The AV file shown in Fig. 44A is a movie that was
broadcast on television. Fig. 44F shows the image content
of the different sections in this AV file. The section
between time t0 and time tl is the credit sequence V1 which
shows the cast and director of the movie. The section

15 between time tl and time t2 is the first broadcast sequence
V2 of the movie itself. The section between time t2 and
time t3 is a commercial sequence V3 that was inserted into
the TV broadcast. The section between time t3 and time t4
is the second broadcast sequence V4 in the movie. The

20 section between time t5 and time t6 is the third broadcast
sequence V5 in the movie.

Here, times tl, t2, t3, t4, t5, and t6 are set as

Mark#l. Mark#2. Mark#3., Mark#4. Mark#5. and Mark#6, and pairs
of marks are set as cells. The display order of cells is

25 set as a program chain.

When performing a read as shown in Fig. 44E, AV data
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175 As a result, the AV data editing unit 15 treats the pair of Marks #1
and #2 as the editing start point "In(1)" and the editing end point
"Qut(1)". The AV data editing unit 15 simlarly treats the pair_ of rks #3
and #4 as tH¥O&Y1¥%hg 5 start point "In(2)" and'the editﬁﬁﬂ“@&‘"g%int
"Qut(2)", the the pair of Marks #5 and #6 as the editing start point
"In(3)" and the editing end point "Qut(3)", and the pair of Marks #7 and #8
as the editing start point "In(4)" and the editing end point "Qut(4)". 10
The period between Mark#1 and Mark#2 corresponds to the first novie
sequence V2 bet vesdirtinge uhitrel Thanctheherkdi® §&quediman viitnskippedAfso that
Simlarly, the period between Mark#3 and Mark#4 corresponds to the second
nmovi e sequence o &epreduehiton jsiants aidht bkee t finstt moyhewaedrenkiey V244F,

and the 15 perij od %Etmeen Var k#5 and Mark#6 corresponds, to the second
movi e sequence \BIY5EY REEWCER RS nelmes tdngnenkhe it t FOLACHIRAI RS, e

indicating this ﬁa&at%diehig?&iéﬂl&?l’lf’;ﬁ%sg,ﬁﬁé Zggﬁ%r%gainﬁég?&il%% Jat only

i ncl udes the novie sequeNces Step S9,

the AV dafaseditifigusal ! 2k has s 3edRhkTnGOMITILIAEN0s Nebidd, pa! em

unit 11 to have the determned split region divided into nx es (where
M is an integertime lt3santihehe 204 déprodMceata editing unit 15 treats each
cl osed area indicated by a pair of an editing 25 start point and an
editing end point in Thiegfolbawimg airs s @ascription of the operation of the

AV data editing unit 15 when the user indicates a real edit
operation, with refereﬁce to Figs. 45A to 45E and Figs. 46A

10 to 46F. Figs. 45A to 45E show a supplementary example of
the processing of the AV data editing unit 15 in the
flowchart of Fig. 43. The variables mx, Af in the flowchart
of Fig. 43 and Figs. 45A to 45E indicate a position in the
AV file. The following explanation deals with the

15 processing of the AV data editing unit 15 for a real edit
operation.

First, in step S8, the AV data editing unit 15
determines at least two sections that are to be cut out from
the present AV file in accordance with the program chain

20 that was generated during a virtual edit operation.

The "source AV file" in Fig. 45A has been given the
mark points Mark#l, #2, #3, .... #8. The cells that have
been set for this source AV file are defined by pairs of the
mark points Mark#l, #2, #3, .... #8, so that the AV data

25 editing unit 15 treats the mark points in each pair as an

editing start point and an editing end point, respectively.
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to be cut out, and so cuts out the four AV files shown in 176 Fig. 45B.
The AV data editing unit 15 hereafter specifies one of the cut-out nx AV
files using the variable Af, with the cut- out files being nunbered AV file
Af1, Af2, WOP¥14757 Afm In 5 step S10, the AV data edi PCTIPIHMIL3 15 sets
the variable Af at "1" to initialize the variable Af. In step S11, the AV
data editing unit 15 issues a READ command to the AV file systemunit 11
for the VOBUs (hereinafter called the "end part") |located at the end of the
AV file Af and the VOBUs 10 (hereinafter called the "first part")

| ocated at thexsstatkbsaft) ReeA¥vf bh€a i it ' i'ﬂ%@s, in
step S12 the AV data edi{ing uni t 15A%§%21§Lgﬁggnggg$§%g;u?ggaggt e second
enbodi nent t o Mewkenébdand HE2 laasthpaeditifng\éthirkepdfnandrihe »f basttmart of
AV file Af. 15 After the re-encoding, the AV data editing unit 15

i ssues a SHORFERtABENERE RYNthEOAY(11Te SFhet 8f data &ditfigg vhet| Bt part of
the AV file Af.ang tTe first Eﬁrt of the AV file Af+1 (Af2). In Fig. 45C
the |ast part B tREFAVTIERE APE BAH tHe Mooks #3iard Hfaas Sherpditdng e

A2 e Bl galll o )0 ROV AT L SUCONE

result of the re- enhcode process heé"T e-

re-encodi ng t el padr dst Mdrksa@eUIHY YLD T_gghgd{r@{% Yo Qb+t P§1 VD recorder

70. In step S13, the AV data editing unit
"In(3)" and the editing end point "Out(3)", and the pair of

Marks #7 and #8 as the editing start point "In(4)" and the
editing end point "Out(4)".

10 The period between Mark#l and Mark#2 corresponds to the
first movie sequence V2 between the time tl and the time t2
shown in Fié. 44F. Similarly, the period between Mark#3 and
Mark#4 corresponds to the second movie sequence V4 between
the time t3 and the time t4 shown in Fig. 44F, and the

15 period between Mark#5 and Mark#6 corresponds to the second -
movie sequence V5 between the time t5 and the time t6.
Accordingly, by indicating this real edit ;peration, the
user obtains an AV file that only includes the movie

sequences V2, V4, and V5.

20 Next, in step 59, the AV data editing unit 15 issues a
SPLIT command to the AV file system unit 11 to have the
determined split region divided into mx AV files (where mx
is an integer no less than 2). The AV data editing unit 15
treats each closed area indicated by a pair of an editing

25 start point and an editing end point in Fig. 452 as an area

to be cut out, and so cuts out the four AV files shown in
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25 | ssues a SHORTEN command, which results in the area fornerly occupied
by the read last and first parts being deleted. 177 It should be noted

that the dejghbepsperformed in this way results in one of ¥g£0%%@4fgjlowﬁng
| 0 R

cases. The first case is when regardl ess of whether either file
Af1 or the AV file Af+1, whose sections to be 5 re-encoded have been
del eted, has an continuous length that is equal to or greater than the AV
bl ock | ength, the continuous |ength of the other AV file is below the data
size of an AV block. Since the length of an AV block is set at the length
whi ch prevent s ¥é@er #PBws occurring, if AV file 10 Af or Af+1 is

reproduced in a staiﬁ Wgﬁr i ts continuous |ength is shorter than the
l ength of an AV bl otk® Cf%rﬁTeFPFwawnl%é&Jherﬁaﬁh@r tnasd fiesf ene ghe

baen re- encoded andrEroredt AV, 198 vt Hhe vhelnol A oiah hhei Gt

been re-encoded and stored Iint

(length) of anol¥ bibek beitleRuhBerSa'Ry 948 R} NEed N ARMIOTY REQ 15,3 ar ge

and so woul d occupy a region on a DV eq or-g

one AV bl éck, thepdsi@d, nie by ghesecdatidyy Gnfikerisng Il ex PVD- RAM
away fromthe AV files Af and Af+1. 20 iy However , ?Aﬁé;ﬁﬂl%éhgaégtggigi%g of

the in-menory @&t allstermiltdalirantbaevaddadnlecks.t hen dadep Gannotndeast or ed
at a different ggsitipn_on the DVD-RAM away fromthe AV files Af and Af+1.
This is for th8%F8I FEWFIRY M@4E0AS. iskien e REABadommand to the AV file

system unit 11 for the VOBUs (hereinafter called the "end
part") located at the end of the AV file Af and the VOBﬁs

10 (hereinafter called the "first part"”) located at the start
of the AV file Af+l. After issuing these commands, in step
S12 the AV data editing unit 15 uses the same procedure as
the second embodiment to re-encode the last part of AV file
Af and the first part of AV file Af.

15 ‘After the re-encoding, the AV data editing unit 15
issues a SHORTEN command to the AV file system unit 11 for
the last part of the AV file Af and the first part of the AV
file Af+1 (Af2).

In Fig. 45C, the last part of the AV file Afl and the

20 first part of the AV file Af2 are read as a result of the
READ command and are re-encoded. As a result of the re-
encode process, the re-encoded data produced by re-encoding
the read data is accumulated in the memory of the DVD
recorder 70. 1In step S13, the AV data editing unit 15

25 issues a SHORTEN command, which results in the area formerly

occupied by the read last and first parts being deleted.
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performed for in-nmenory data that is smaller than the size 25 of an AV
bl ock but is stored at a separate position, a sufficient anount of data
cannot be accunulated in the track 178 buffer. Should the ju fromthe
i n-menory WOY¥14787the AV file Af+1 take a relatively | ongP&¥ 8"r’rﬁ'r’r”
underflow wi Il occur in the track buffer while the junp is taking place. In
Fig. 45D, the broken lines show that the last part 5 of the AV file Af1l
and the first part of the AV file Af2 have been .deleted. This results in
the length of the AV file Afl1 being below the I ength of an AV bl ock, and in

the length of the ig- ETE&{E’I&’ plahathgi AP elHWdeheti SRR ffrmaa LYY ﬂhﬂf;k 10
If this AV file Af1 is left as it is, there is the risk that an underfl ow

W |l occur whaky ltléﬁumﬁsfirﬁmrfehefA’dhél'im AfclLloaihfecdsed.il e Af2. To prevent
t he occurrence of such underflows, in step S14 the AV data editing unit 15
i ssues a MERGE confhadfiost tdaseAVsf when Afegamddesheofwligtiherapithen pf

As shown in F|q¥a45Eiand Fig. 46A, this processing results in the Ilnklng
of the AV fil & AVafile ALY orcth8qRY 44t NRPSE RETIRIANEBLRE | engt h

o e, o5 UL AL (e Mol G ST ARG B s v
VNEFFEJS”K?”?&% DSt SN b ﬁ%ﬁ‘?ﬁ“ﬁé“ﬁét e
mat ch, the AV ¢hiitin@dubi Dghdtl of the other AV file is below the data
size of an AV block. Since the length of an AV block is set
at the length which prevents overflows occurring, if AV file
10 Af or Af+l is reproduced in a state where its continuous
length is shorter than the length of an AV block, an
underflow will occur in the track buffer.
The second case is where the data size of the data (in-
memory data) that has been re-encoded and stored in the
15 memory is below the data size (length) of an AV block. When
the data size of the in-memory data ;s.large and so would
occupy a region on a DVD-RAM that is equal to or greater
than one AV block, the data may be stored at a different
position on the DVD-RAM away from the AV files Af and Af+l.
20 However, when the data size of the in-memory data is smaller
than one AV block, the data cannot be stored at a different
position on the DVD-RAM away from the AV files Af and Af+l.
This is for the following reasons. During a read
performed for in-memory data that is smaller than the size
25 of an AV block but is stored at a separate position, a

sufficient amount of data cannot be accumulated in the track
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15 increments . the variable Af in step S16 and returns to step S11. In this
way, the AV data editing unit 15 repeats 25 the processing in steps Sl11

to S14. Afteyolbbgsyari able Af has been incremented to becone 179 "2",
the AV data editing unit 15 i ssues a READ conmand so that tRETVEE04133, ¢ of
the AV file Af2 (after the previous linking) and the first part of the AV
file Af3 are read, as shown in Fig. 46B. Once the VOBUs in this last part
and 5 first part have been re-encoded, the resulting re-encoded data is
stored in the of {he DVD recorder 70. The regions on the DVD-RAM
that were origi ngﬁ ToccopPRty tirer Aampi fxem pehvet iantembey| dsta pay tthar av
deleted as a resyl h lggERIEN ommand that the AV data editing 10

unit 15 issued Eﬂ}l%hg‘%éega 3 re}li?%év?%%uﬂctn,g ttHEep cARi whdRE F00v WLE1Af 3 has

a continuous | ergichrt hat ths dglHw engi.h an AV bl ock. The AV data
editing unit 15 issues a MERGE coﬁrt%ggakt@%t%ee% FHIR 19 sthnhPLace-f or

the AV files Af2 andIAfBigassh)owhel Bri a 6 I,S. Ar.ocedure is
15 repeated until the variable Af igkgaua tsoggﬁé %?%&hr%(ﬁfsgAgaﬁt
resul t of the aldvEbprd¥eEsindflt hadeshentizdth phhe 5?01’3}?@%@rf§§eoﬂkf
contain the novie_seguences V2, V4, and V5. These extents each have a
cont i nuous Iengbﬁvﬁh BeR dedsdied -t hBhfemaduldls an Aheblendeh 9F thatayt is
be no interruptions to the image displ ay

B . Coh e R e A SRR S,
length of the in-memory data being below the length of an AV
block. |

10 - If this AV file Afl is left as it is, there is the risk
that an underflow will occur when jumping from the AV file
Af]l to the AV file Af2. To prevent the occurrence of such
underflows, in step S14 the AV data editing unit 15 issues a
MERGE command for the AV file Afl and the AV file Af+1. |

15 - As shown in Fig. 45E and Fig. 46A, this processing
results in the linking of the AV file Afl and the re-encoded
VOBUs so that the continuous length of the recording region
for all the extents forming the AV file Afl ends up equal to
or longer than the length of an AV block. After issuing the

20 MERGE command, the AV data editing unit 15 judges in step
S15 whether the variable Af matches the number of AV files
mx-1l. If the numbers do not match, the AV data editing unit
15 increments the variable Af in step S16 and returns to
step S11. 1In this way, the AV data editing unit 15 repeats

25 the processing in steps S11 to S14.

- After the variable Af has been incremented to become
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The period between the Mark#1 and the Mark#2 corresponds to the first novie
sequence V2. The period between the Mark#3 and the Mark#4 corresponds to

the first 25 novi e sequence V4, and the period between _tg/ﬁ %}é/?) }5<#5 and

t he Mar k#Ava®nd®3ponds to the third novi e sequence V5. result,
by performng an edit operation, the user can obtain a sequence conposed of
AV files for only the novie sequences V2, V4, and V5. 5 (3-2-7-1-2)
Processing of the Av File SystemUnit 11 When a Split Command Is |Issued The
foll owi ng explanation deals with the details of the processing by the AV
file system ump#, khava@ndpeoVvéditiheexneadesl {ssrds anBEAD cawpods&ot 0 a

SPLI T conmand. Fi g. 48A 10 shows the operation of the AV file system
unit 11 when phawvitliendaext padedf et A¥nSile A%k pafsert Bhe BEVEPUSomand.

In this flowhart, one out of the nx pairs of an edi tlgg start oint (In

poi nt) and anliwkingig a@ﬁdtbél ﬁ%rf(bﬁarﬁopﬁt‘}h‘? AY rf-d118a?‘ e Vari abl e
h. In step S22, the v t1 S |t i_n ri4.abl e h so
that the firsPRQH ity lIgl‘l %g?ht (5?1’1 UQE% T ar Zcqlﬁ'rso?fggge%f@%ﬁg%Av file
systemunit 1 e f | &Rsaik nge agitiodede file
|dent|f|§r (hi1E ? eé%t a@g E%ﬁ?g(r#cﬁﬁkg (rzlbldféectory ???e of a tenporary
directory. 20gata is stiotefl €R €98 mduiteyAVEl the Dy trewondet 0. cal cul at es

the first address s of the sequence of u |ogical blocks (where
The regions on the DVD-RAM that were originally
occupied by the first part and the last part are deleted as
a result of the SHORTEN command that the AV data editing
10 unit 15 issued by the step S13. As a result, the remaining
AV file Af3 has a continuous length that is below the length
of an AV bleck. The AV data editing unit 15 issues a MERGE
command to the AV file system unit 11 for the AV files Af2
and Af3, as shown in Fig. 46D and 46E. This procedure is
15 repeated until the variable Af is equal to the value mx-1.
As a result of the above processing, the extents in.the
storage area only contain the movie seqeences v2, V4, and
V5. These extents each have a continuous length that is
above the length of an AV block, so that it is guaranteed
20 that there will be no interruptions to the image display
during the reproduction of these AV files.
The period between the Mark#l and the Mark#2
corresponds to the first movie sequence V2. The period
between the Mark#3 and the Mark#4 corresponds to the first

25 movie sequence V4, and the period between the Mark#3 and the

Mark#6 corresponds to the third movie sequence V5. As a

180

el



u[err]1) fromthe | ogical block corresponding to the In point (h) to the

| ogi cal block'corresponding to the Qut point (h), and the nunber of
occupi ed bl ocks r. - In step S34, the AV file systemunit 11
generates u gpl*’?f?:ﬂﬂ on descriptors within the file entry (hFPCTARP88¢1E3 181
S35, the AV file systemunit 11 records the first address s of the sequence
of u logical blocks and the nunber of occupied blocks r into the each of
the u allocation descriptors. In step S35, the AV file systemunit 11

j udges 5 whet her the variable h has reached the value nx-1. If the

vari abl e h has rrssulsachedreticemiaguen édiet Apdrdtdoaystee uddd chh obtain

I ncrements the variable h and returns to step S31. By doing so, the AV
file systemunit® ffqPéﬁé%I%PWHﬁﬁﬂgrééeéglf@ﬁé&]ﬁﬂmepslssthecmdﬂﬂk setuknces
vari abl e h reachgs %hﬁ%xalue nk-1, and so cuts out the closed
sections within eéch bfa? 1 pairs of an In point and an Qut point as
AV files. (3-2-7-1-3) Processing of the AV File System Unit 11 Wen a 15
Shorten Commend Is |ssued The explanatlon deal s mnth the processing of t he
AV file syssem wp-2-311vh iadli gded ng% gb : 3?09ﬁ8 0 a
SHORTEN command. Fig. 48 is a flowe art s oW ng n T
processi ng. 20 Split Commamd ez $38uetihe AV file systenlunit 11 cal cul ates

both the first address ¢ of the |ogical block sequence between
The following explanation deals with the details of the

Processing by the AV file system unit 11 when providing
extended functions in response to a SPLIT command. Fig. 48a

10 shows the operation of the AV file system unit 11 when
providing extended functions in response to a SPLIT command.
In this.floﬁchart, one out of the mx pairs of an editing
start point (In point) and an editing end point (Out point)
is indicated using the variable h. 1In step S22, the wvalue

15 "1™ is substituted into the variable h so that the first
pair of In point and Out point are processed.

The AV file system unit 11 generates a file entry (h)
in step S31, and adds the file identifier (h) for the file
entry (h) in a directory file of a temporary directory.

20 In step $33, the AV file system unit 11 calculates the
first address s of the sequence of u logical blocks (where
uzl) from the logical block corresponding to the In point

- (h) to the logical block corresponding to the Out point (h),
and the number of occupied blocks r.
25 In step S34, the AV file system unit 11 generates u

allocation descriptors within the file entry (h). 1In step
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the deletion start address and the deletion end address that specify the
area to be deleted and the nunber of occupied blocks d. In step S45, the AV
file systemunit 11 accesses 25 the allocation identifiers of the AV
file whosawo9wdt570r | ast part is to be deleted. In step BEEIPBMAITAY fi| e
system 182 unit 11 judges whether the area to be deleted is the first
part of the extent of an AV file. If the area to be deleted is the first
part of an extent ("Yes" in step S46), the AV file systemunit 11 5
advances to step S47 and updates the storage first address p of the extent
to the storaggsbirehe atAr@3e Bystéhn idhiitha12kbosAdd Ahed@seEt PAddres tser

this, in step S48 the AV file systemunit 11 updates the data size g of the
extent of theotiutherseguenckOof uoLeginaAd bhberksamd Wwhe nombée af | ocati on
descriptor to the data size g-c*d. On the other hand, if in step S46 the AV
file system ueccupiedbipckshat inkhe thesach bf the &t eédlosathen| ast part of
an AV file, the AV file systemunit_ 11 proceeds directly to

S z#ep_ 348, and
updat es the dSBSCEFRECRF of IPhELER S35 enfVofith SRR PRt of L cBtids®ed
bl ocks giyven i | ocati. descriptor to . the dat.a _sjize.q-c*d.

(357 113 " rBekBEr M € A EBAS T 1 aferbin e “BRdenR 1 ErcE: command
i's Issued 20 1f tHe Ja2lilhgie ng ﬁﬁ@l}\%@aEbQBhQ&?ﬂrﬁs"%tﬂuéb%ﬁ qgessi ng
content of the AV file systemunit 11 en provi di ng

file system unit 11 increments the variable h and returns to

step S31. By doing so, the AV file system unit 11 repeats

the processing in steps S31 to S35 until variable h reéches

10 the value mx-1, and so cuts out the closed sections within

each of the mx-1 pairs of an In point and an Out point as AV

files.

15 c nd T
The explanation deals with the processing of the AV
file system unit 11 when providing extended functions in
response to a SHORTEN command. Fig. 48 is a flowchart
showing the content of this processing.

20 In step S38, the AV file system unit 11 calculates both
the first address c of the logical block sequence between
the deletion start address and the deletion end address that
specify the area to be deleted and the number of occupied
blocks d. in step S45, the AV file system unit 11 accesses

25 the allocation identifiers of the AV file whose first or

last part is to be deleted. 1In step S46, the AV file system
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extended functions in response to a MERGE command. The fol |l ow ng
explanation ains to clarify the procedure used to process the areas
surrounded Qi dofigrseot - dash lines y3, y4 jn 25 - Fig. 45E q,%%&,j;;%‘” 6D. In
response to a MERGE conmand, the AV file systemunit 183 2L ged the
AV files Af and Af+1, which were partially deleted as a result of the SPLIT
and SHORTEN commands, and the re-encoded data (in-nenory data), which is
present in the nmenory of the DVD recorder 70 as a result of the re- 5
encoding, onto the DVD-RAMin a way that enables the seanl ess reproduction
of the AV file APtthk 11dgesi wherbereths areandot he deldtidde iAf thei fi tdmat
order. Fig. 47AR%PQM§qu‘exagBé§ of the AV data processed by the AV file

t

systemunit 11 when pfovidi© hd Aufédeons 10 in response to a

VERCE o, L1, 18 Apehes e 44 A0 Do PLgcEsed

according to a SPLIT conman The vir

defined a reproduténon( ryasgre inhgr&hysidie @{egglaflfe r%%g\ugggg g%t he order

AV file x in-nmenory data [err] AV file ows an

exanpl e repr odusdvamcenuice step 42 M4 diiates tHe é‘%zfaideesfﬁs@ngdareggwlpFi g.
47A, the horizontal axis represents time, so that the reproduction route

can be seen to Sétthhexiiens| 49 thelestarmghVifirke addessd pra*HEIRryhelata AV

filey. 20 . the AV data in AV file x, the data part mlocated at
allocation escriptor.

After this, in step S48 the AV file system unit 11

updates the data size q of the extent of the number g of

10 occupied blocks given in the allocation descriptor to the
data size g-c*d. On the other hand, if in step S46 the AV
file system unit 11 finds that the area to be deleted is the
last part of an AV file, the AV file system unit 11 proceeds
directly to step S48, and updates the data size g of the

15 extent of the number g of occupied blocks given in the

allocation descriptor to the data size g-c*d.

{3-2-7-1-4) Processing of the AV file svstem unit 11 when a
MERGE command is Issued

20 The following explanation deals with the processing

content of the AV file system unit 11 when providing
extended functions in response to a MERGE command. The
following explanation aims to clarify the procedure used to
process the areas surrounded by the dot-dash lines y3, v4 in

25 Fig. 45E and Fig. 46D.

In response to a MERGE command, the AV file system unit
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the end of AV file x is stored in a consecutive area of the DVD-RAM w th
this being called the “forner extent". O the AV data in AV file y, the
data part n located at the start of AV file y is also stored in a

consecut i vVWOSPRISD5 of the DVDRAM with this being caP¢EF®BRE73 | atter
extent". As a result of the "SPLIT" conmand, AV files x and y 184 are
obtained with certain sections of AV data having been cut away. However,
while the file system nanages the areas on the disc that correspond to the
cut-away data as if they were enpty, the data of the original AV file is in
fact left 5 1@sattariged Rhehgv|egicnahtbbpaksrson tikechVideRéNarttidldiyassumed
that when the reproduction route is set by the user, the user does not need
t o consider thdelhetyed rasMai chsilt bbbhdhe SPLINearnd/SHRAVENt commantts c ¢ndaway AV
files. As a result, there is no way in which the positions on the 10

DVD- RAM st or i n§he heefencaasedagata at innmemprgndatalan whdchdént PYEaRYT gn

Corr] Av fite bheuhere elcthe) Binc fseaPh 10 155 o “Roudbear (o s
unr el 21 9.4 0 BRCBSHEN Lok OLRRUSHL A 94§ ) o SSBLcIvATe O o0
consi der at i on, sphg1ddkicdGoRlictlod idLEneURvaRRYe i, 2 tBLET £ OrAMaME does not
assune that the former extent and |atter extent are recorded at consecutive
posi ti ons on themdd) RAM taedAvoftthwwfdli DAt esdk asienre t hat
Fig. 47A shows an example of the AV data processed by
the AV file system unit 11 when providing extended functions
10 in response to a MERGE command. In Fig. 47A, the AV files x
and y have been processed according to a SPLIT command.
The virtual editing is assumed to have defined a
reproduction route whereby the AV data is reproduced in the
order AV file x — in-memory data — AV file y.
15 Fig. 47A shows an example reproduction route for the AV
data in the AV files x and y. In Fig. 47A, the horizontal
.axis represents time, so that the reproduction route can be
seen to set the display order as AV file x — in-memory data
- AV file y.
20 Of the AV data in AV file x, the data part m located at
the end of AV file x is stored in a consecutive area of the
DVD-RAM, with this being called the "former extent".
Of the AV data in AV file y, the data part n located at
the start of AV file y is also stored in a consecutive area
25 of the DVD-RAM, with this being called the "latter extent".

As a result of the "SPLIT" command, AV files x and y

184

gl



20 the former extent and latter extent are recorded at conpletely
unrel ated positions on the DVD-RAM Here, it should be assuned that at

| east one " QIR hle extent™, which is ‘unrelated to the r oduction route
i ndicating the &gs?i les x and y, is present between the 25%'”5%86"#57&
regions of the forner extent and the latter extent. Fig. 47B shows a
representation of the positional 185 rel ati onship of the storage areas
on the DVD-RAM of the forner extent and the latter extent, in view of the
above consideration. The AV file x including the fornmer extent is partially
5  cut away a8'8 PREAAReGMitheceptain cnatdeds afidh®alstec hatdagabeempt y

area where the forner extgG&ewas forperly present. This area is called the

Qut area. As desScribed ab VBRI sWitte diea fiihef apsten imanagegi she| greas

ot anes 11,058 ohe (dYnbk) BokellRind'dd SHE S0y ML AL Serthey  ©

systemunit 11 10 treats the area as an e

command has al r eady amey,i tﬁﬁedatgh@fﬁﬁﬁéidr§P¥n£f0A6“%¥¥% %Eeihakég§.f¥ﬁﬁnt

is partially cut away as a result of the SPL comand,” and S0 I'ncludes an
enpty ar eaSwher ast ke imtimerthexlegicabHifcdkEebhythé GRERIRAMLS This area is

called the In area. _As described above, this In area in fact still ™~ -
| ogi cal l'y includes tHe ifaPgspmed iehaty whene thet heprodrctdvh eouteals hastgh the
?grrf‘r:alng ﬁgzt em H{)i ’Ehél'jizéerrefatcﬁet Qs?e?rc?oaesa%o%nngggtgo a;oiasiziegcghé hv?aySF:tLl;ll !
which AV blocks on the DVD-RAM store the cut-away AV files.
As a result, there is no way in which the positions on the
10 DVD-RAM storing the former and latter extents can be
identified for certain. Even if the reproduction route
specifies the order as AV file X = AV file y, there is still
the possibility of AV data that is unrelated to the present
reproduction route being present on the disc between the
15 former and the latter extent.

In view of the above consideration, the linking of AV
files cut away by a SPLIT command does not assume that the
former extent and latter extent are recorded at consecutive
positions on the DVD-RAM, and so should instead assume that

20 the former extent and latter extent are recorded at
completely unrelated positions on the DVD-RAM.

Here, it should be assumed that at least one "other
file extent", which is unrelated to the reproduction route
indicating the AV files x and Y, 1s present between the

25 storage regions of the former extent and the latter extent

Fig. 47B shows a representation of the positional
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al ready been issued. 20 In Fig. 47B, the former extent is stored at
a preceding position to the latter extent, though this nerely illustrates
one exanple, so that it is perfectly possible for the latter _extent to be
stored at WOMAEEH ng position to the former extent. 25 FCTAPSOILS e
present exanple, the other file extent is present between the forner extent
and the latter extent. 186 Wiile the In area and the Qut area are ideal
for the recording of the in-nenory data, the continuous length of the In
area and the Qut area is restricted due to the presence of the other file
ext ent bet weenréletifomship efktehd storagandréde dmtther DERtRAN .0ofl thet ep S62 in
the flowchart of Fig. 49, the AV file systemunit 11 calculates the data
size of the Cuformesy exiguttard ddten lotEeroextent | fnavégw ¢h FhendPRYet he data
size of the In area and.the Qut 10 area, the AV file systemunit 11
refers to the GRSEIGEAELATof the former extent and the data size n of the

| atter extent and LH%Q%§ %Qféq§ga%§%d38&n§%eg&%@g&bgg¥%gag%$%%fggagg erfl ow

in the track buffer during répro tion: cessing

Wien the Bor neguEdwdit o hSréosi: [dFRnENEPEM Bldankgnghst shamdiihaekor ner
extent mis shorter than the AV block Iength and the latter extent n is at
| east equal toahhempAY area where the former extent was formerly present.

This area is called the Out area. As described above, this

Out area in fact still logically includes the data of the AV

file x that was cut out, although the AV file system unit 11

10 treats the area as an empty area since the SPLIT command has
already been issued.

The AV'file y including the latter extent is partially
cut away as a result of the SPLIT command, and so includes -
an empty area where the latter extent was formerly present.

15 This area is called the In area. As described above, this
In area in fact still logically includes the data of the AY
file y that was cut out, although the.AV file system unit 11
treats the area as an empty area since the SPLIT command has
already been issued.

20 In Fig. 47B, the former extent is stored at a preceding
position to the latter extent, though this merely
illustrates one example, so that it is perfectly possible
for the latter extent to be stored at a preceding position
to the former extent.

25 - In the present example, the other file extent is

present between the former extent and the latter extent.
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bl ock I ength, an underflow may occur for the former extent 20 m  The
processi ng proceeds to step S70 in Fig. 50. Fig. 50 is a flowhart when the
former exte ' horter than the AV bl ock | ength and the tter extent n
is at |east W‘é%gagﬁsgg the AV block |ength. The processing byp(lf]ﬂ‘gmﬁ(?f‘ﬁ l e
systemunit 11 in Fig. 50 is explained with 25 reference to Figs. 51,

52, and 53. Figs. 51, 52, and 53 show the rel ationshi ps anong the data
sizes of the extents m 187 and n, the In area and the Qut area i and j,
the in-nmenory data.k, and the AV block B, as well as the areas in which
each piece of tH8 45t B¢ I d&Grdendakhe (Gut @reasare udeah fdretteta is

moved. 5 xtent is shorter than the AV block |ength. As
a result, an un grzp ngévr?é\o@lﬁ (}%&&ﬂr-m?lfm% akfedithe gertnnamsr depgkbnot
Accordingly, thentl eMchagd 4y Ehg- ows the processi to determ ne the
appropriate storage | ocation forgtﬂggf%@r]er?erlseftegﬁfl ﬁ%‘ftcﬁ% i grgﬁnry dat a.
10 I n spepsé&r€e ot tHhe pyHeedr yhetdi®lenkNBe LR Lf | zes e
former extent and the in-nmenory data is equ;flaln toeor%rgetar%éggo?hlg% ?ﬁéexi\{}

bl ock | engtt. | fngothe heatrear esseny. proceeds to step S71, and it is judged
whet her the Qut area_are is larger than the in-nmenory data. Wen the Qut
area is 15 | ar ger 1R H3HER 1$62) Anntherficiahartt bé Fihgneleyr theahw £Hiavitten

in the Qut area hgtg\ake t ha consecutive |l ength of the fornmer extent at
| east equal to tHe AV Btk l EAJFRLates the data size of the Out area, and

thg data size of the In area.
On finding the data size of the In area and the Out
10 area, the AV file system unit 11 refers to the data size m
of the former extent and the data size n of the latter |

extent and judges whether the former extent could cause an

underflow in the track buffer during reproduction.

15 A3-2-7-1-4-1) Processing When the Former Extent m is less

than the AV Block Length

When the former extent m is shorter than the AV block

length and the latter extent n is at least equal to the AV
block length, an underflow may occur for the former extent
20 m. The processing proceeds to step S70 in Fig. 50.

Fig. 50 is a flowchart when the former extent m is
shorter than the AV block length and the latter extent n is
at least equal to the AV block length. The processing by
the AV file system unit 11 in Fig. 50 is explained with

25 reference to Figs. 51, 52, and 53, Figs. 51, 52, and 53

show the relationships among the data sizes of the extents m
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Fig. 51A shows an arrangenent of the fornmer extent, the latter extent, the
In area, and the Qut area on the DVD RAM 20 in arelationship i[err]k,
mtk>B. In Fig. 51B, when the in- nmenory data is recorded in the Qut area,
the conse@P¥W7¥7%engt h of the fornmer extent becomes at | ESTHPEPYE to the
AV bl ock length. On the other hand, when the Qut area is snaller than 25
the in-nmenory data, data is noved. Fig. 52A shows an arrangenent of the
former extent, the latter extent, the In 188 area, and the Qut area on
the DVD-RAM in a relationship i<k, mtk>B. In Fig. 52A, the forner extent is
first read intaadt e tweOny areadahd the.oudr2Breheif&idey, exkeph-memowsitten in

an 5 enpty area in the sane zone as the former extent. After the first
extent has beeataokedand Hhe AVnbhork Rlates wellhrastihe iareadi dnevBiciiter the
noved fornmer extent, as shown in Fig. 52C. Wien the sum of the sjzes of the

former extent 3F8 Phecs (L tl%endﬁf‘éﬁn?‘%/ rpgorded pRdsthe,Aregretavintdtk
| ength, the pr ﬁfea #ngagroce ds to step S72. In step S72, it is judged
whet her the st ARt BPEE%F the former extent the latter extent, and

the in-nmeyrory dataphs Alyrd ?%kt‘éﬂ‘c.’ﬂs ts‘h& %'A%”B&Bék'ﬁeﬂgttdﬂw
When the sum of the sizes 15 I's l'ess t l'ock I'ength, "even if
data i s novedast Beresget, s @&&e&hﬁ@wtmmvobbaﬁklf aigtlemedSan d@Si6n, an
were taken. Accordingly, the flowchart in Fig. 50 shows the
processing to determine the app;opriate storage location for
the former extent and the in-memory data. |
10 In step S70, it is judged whether the sum of the sizes
of the former extent and the in-memory data is equal to or
greater thah the AV block length. If so, the processing
proceeds to step S71, and it is judged whether the Out area
are is larger than the in-memory data. When the Out area is
15 larger than the in-memory data, the in-memory data is
written in the Out area to make the consecutive lgngth of
the former extent at least equal to the AV bloék length.
Fig. 51A shows an arrangement of the former extent, the
latter extent, the In area, and the Out area on the DVD-RAM
20 in a relationship i2k, m+k>B. In Fig. 51B, when the in-
memory data is recorded in the Out area, the comsecutive
length of the former extent becomes at least equal to the AV
block length.
On the other hand, when the Out area is smaller than

25 the in-memory data, data is moved. Fig. 522 shows an

arrangement of the former extent, the latter extent, the In
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underfl ow occurs. Wien the sumof the sizes is less than two AV bl ock
| engths, even if the forner extent, the in- nenory data, and the latter

extent are in a logical 20 bl.ock, the recording time will not be
t oo | ong. %6%9&1%;%7I owchart in Fig. 50, when the sum of t hePGHIPAYOLTS ¢t he

in- menory data, the former extent, and the latter extent is |less than two

AV bl ocks, the processing proceeds fromstep S72 to step S73, and the

former extent and the latter extent 25 are noved. Fig. 53A shows an

arrangenment of the former extent, the 189 | atter extent, the In area,

and the Out ared5f-t #Rd WS RAM area owltitd MVORRAMI k, amiéﬂ.ﬁi,lonshlp i<k,

B[ err] mn+k<2B. %‘% hIS case, a search is perforned for an enpty area in
e

the sane zone as Tornmer extent and the latter extent. Wen an enpty
into the nenory and is

area 5 is found, thepfprmshn eéﬁg S rea

witten in the enpty area to mbve T h o%ﬁ‘w ERtehd f’orstméeéﬁ’pﬂ-iltar'é‘ae as
shown in Fig. 58BmoAf} eind e FBME, r taJds w.itten,ju
after the noved fo(r)mar eI;tent gs g%%&mﬂélqr;fogﬁ é’é m'Ath [wrtlﬁ ®Pnt #ns?ﬂ)ry

data has bé&en lemptywied em, thEEShIﬁétﬂineS')étse@hel Sothdd dytieQtt heAgg %ﬁand
Is witten |rrrred| ately after the occupied area of the in-nmenory 0

nove the | atter fdXsbrixtent hésehpely reegl, aheshavilemdryFidatab3b. wﬂ‘@&ﬂ he
data, the 15 former extent, and the

sum of the sizeg Ofdtrﬁgﬁ
latter extent iz ? *%3 \' @ GSF ke moved former extent, as shown in Fig.
52C.
When the sum of the sizes of the former extent and the
10 in-memory data is less than the AV block length, the
processing proceeds to step S72. 1In step S$72, it is judged
whether the'sum of the sizes of the former extent, the
latter extent, and the in—memo:y data is at least equal to
two AV block lengths is Judged. When the sum of the sizes
15 is less than the AV block length, even if data is moved, the
size is less than the AV block length. As a result, an
underflow occurs. When the sum of the sizes is less than
two AV block lengths, even if the former extent, the in-
memory data, and the latter extent are written in a logical
20 block, the recording time will not be too long. In the
flowchart in Fig. 50, when the sum of the sizes of the in-
memory data, the former extent, and the latter extent is
less than two AV blocks, the processing proceeds from step
8§72 to step S$73, and the former extent and the latter extent

25 are moved.

Fig. 53A shows an arrangement of the former extent, the
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two AV bl ock | engths, the processing proceeds fromstep S72 to step S74.
When the sumof the sizes is equal to or greater than two AV bl ock | engths,
it wll take a long time to wite the data into the |ogical b%ygga

Meanwhi | e WQ992X3757  sinple nethod in which the forner ext EREIFBMPed and
the in-nmenory data is witten just after the noved forner extent should not
be adopted in view of the access speed. Here, it should be especially noted
that the processing proceeds fromstep S72 to step S74 because the sum of
the sizes of the in- 25 menory data and the fornmer extent is |ess than
the AV bl ock Lebtgh.exsfeat;etbenimiardahcandntind Qute agiezegnothe RYD-RAM] 90
menory data and the fornmer extent is |ess than the AV block |l.ength yet the
sum of the si#BsacfekatdonghipnbRk dBFESBhEIBIHEF<&Rt ent? UH® CR&ST atter

extent is at |east vual to_two AV_block lepgths is_th I er. .ext ent
Sirels & PePSRTOLIF PARGRIGA R0 A APPFEEIR Bellterain s oo

extent size apget frrfé?]é Rieeke! S09t¢hd atESEPge;L'@érﬂﬁ- fMhefl BRSaHduy \Wrea the
sum of the sizZes © e forner extent and the 1n-nenory data i's | ess than

the AV blgock lj.@g%xlihd,pacrﬂe ebrinbe dateht Ast Pead atrey toxt pBkorpyarie iadded to

the sum with 1 there being no risk of the remaining data size of the
| att er extent weetoeniisuhk empty. aMiertd hevsurhoffdirersezbenifta Hde
in-menory data, the fornmer extent, and the latter extent is at |east equal

to two AV bl o€RPEENteRs, ashehpvbcisFHigy HRBeecRELey dResmapesrzhe in-

memory data is written just after the moved former extent,

as shown in Fig. 53C. After the in-memory data has been

10 written, the latter extent is read into the memory and is
written immediately after the occupied area of the in—memory
data to move the latter extent to the empty area, as shown
in Fig. 53D. '

When the sum of the sizes of the in-memory data, the

15 former extent, and the latter extent is at least equal to
two AV block lengths, the processing proceeds from step S72
to step S74. When the sum of the siies is equal to ox
greater than two AV block lengths, it ﬁill take a long time
to write the data into the logical block. Meanwhile, a

20 simple method in which the former extent is moved and the
in-memory data is written just after the moved former extent
should not be adopted in view of the access speed. Here, it
should be especially noted that the processing proceeds from
step S72 to step S74 because the sum of the sizes of the in-

25 memory data and the former extent is less than the AV block

length. The reason why the sum of the sizes of the in-
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15 to step S74, and the data are linked in the manner shown in Figs. 54A
to 54D. Fig. 54A shows an arrangenent of the fornmer extent, the latter
extent, theyHod{s88 and the Qut area on the DVD-RAMin a rel ationship
mrk<B, mn+k|[ er riZB. In this case, a search 20 ‘i s perforffe®®P41Zh enpty
area in the same zone as the forner extent and the latter extent. Wen such
an enpty area is found, the forner extent is read into the nenory and is
then witten in the enpty area to nove the forner extent, as shown in Fig.
54B. Next, the in-nmenory data is witten 25 i mmedi ately after the noved
forner extent, ﬂ%m%’%\ﬂg'anaPPth§4@?rM¥e#>qtl¢ati hs nkews ythaat &hbasv Helork

witten, a set ta that_ig sufficiently large to nake the size
of the data in ?%Illé&el%etty%gﬁiuﬂq‘ﬁﬁlé}eo ShgeB| BEKtRe An-memegyedatz onthiche
start of the | agdghe® ju r e_in- ry data as . shown in Fig.
54D. 5 After ﬁi&?%dr' rréltrldgé egn]taftqteﬁeef{gggrgnﬁsf f%%&?taﬁﬂuﬂ'otrﬂ part
of the latter extemv aledk Nkagthd itslmch%'?;o‘éﬁ?df%{élbeet‘lt%‘ﬁcSgé’rei the file

entries of the AV file Af that includes the forner extent and-the AV file
Af+1 are i Bt egraekativeQye lamgegrattd thd Qienbeynés vithieReene angk ddie

processing ends. 10 (3-2-7-1-4-2) Processing Wien the Latter Extent 'n-is
shorter than t h&*%8PBIPae rafgthe Wikbloes ladgbents "BNdhgi Saggyen Ad) st ep
S63 in the
result, when the sum of the sizes of the former extent and
the in-memory data is less thén the AV block length, part of
the data in the latter extent may be added to the sum, with
10 there being no risk of the remaining data size of the latter
extent being insufficient.

When the sum of the sizes of the in-memory data, the
former extent,- and the latter extent is at least equal to
two AV block lengths, the processing proceeds from step S§72

15 to step S74, and the data are linked in the manner shown in
Figs. 54A to 54D.

Fig. 54A shows an arrangement of the former extenf,.the
lattgr extent, the In area, and the Out area on the DVD-RAM
in a relationship m+k<B, m+n+k>2B. In this case, a search

20 is performed for an empty area in the same zone as the
former extent and the latter extent. When such an empty
area is found, the former extent is read into the memory and
is then written in the empty area to move the former extent,
as shown in Fig. 54B. Next, the in-memory data is written

25 immediately after the moved former extent, as shown in Fig.

54C. When the in-memory data has been written, a set of
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flowchart of Fig. 49, the processing proceeds to step S64 15 where it is
judged whether the forner extent mis at |east equal to the AV bl ock I ength
but the latter extent n is shorter than the AV block length. |n other
words, inwoends®3, it is judged whether an underfl ow may BEEHYIGr the

| atter extent. 20 Fig. 55 is a flowhart when the latter extent is
shorter than the AV block length and the forner extent is at |east equal to
the AV block length. The processing by the AV file systemunit 11 in the
flowhart in Fig. 55 is explained with reference to Figs. 56, 57, 58 and

59. Figs. 254ataSfhatbhis 28randi&tBhaurgbets ehaitd amehispeeaodbnchd kiatdat a
sizes of the extents mand n, the In area and the Qut area i 192 and j,

the in-menory idathik, empiy wiveafetyidlbdio BY biogk|$izes ishmouedafrom thi§i ch
each piece of the data is recorded and the areas to which the ta_is
noved. |n stegtsrs, of tthes LakggedesFrRtthdusthatsem die PRe™MEPOEE 2 35f the
| atter extent and the in- ry is at |east equal to the AV bl ock |ength.
| f so, the pr&C8Y¥8iHY %%bggggs fromstep S75 to step S76, where it is

j udged whether they, Q‘%frt?%eif?rInQEQQEtér{@n thBC1h DndFIRY Matd! dand ront6A

shows an “arrangenen ormer extent, the latter extent, the In 10
area, and the JQut g¢egnon dcherD¥r&EMMdre aingbationgld pobleradscribed>B. I n

Fig. 56B, the recording of the in-menory data in the In area results in the
consecuti ve | ggkbdofef hehd #tifler entries of the AV file Af that includes
the former extent and the AV file Af+l are integrated. One
integrated file entry is obtained, and the processing ends.

10

When the judgment "No” is given in step S63 in the
flowchart of Fig. 49, the processing proceeds to step 564

15 where it is judged whether the former extent m is at least
equal to the AV block length but the latter gxtent n is
shofter than the AV block length. In other Qords, in step
S63, it is judged whether an underflow may occur for the
latter extent.

20 Fig. 55 is a flowchart when the latter extent is
shorter than the AV block length and the former extent is at
least equal to the AV block length. The processing by the
AV file system unit 11 in the flowchart in Fig. 55 is
explained with reference to Figs. 56, 57, 58 and 58. Figs.

25 56, 57, 58 and 59 show the relationships among the data

sizes of the extents m and n, the In area and the Out area i
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extent becom ng at |east equal to the AV block | ength. On the other hand,
when the In area is snmaller than the 15 I n-nmenory data, data is noved.
Fig. 57A shﬁMﬁ,ﬁp79rrangenent of the former extent, the latter extent, the
In area, and the Cut area on the DVD-RAM in a rel ationshi p FFERP8P4kPer 1] B.
In this case, a search is performed for an enpty area in the sanme zone as
the former extent and the latter 20 extent. \When such an enpty area is
found, the in-nmenory data is witten in the enpty area as shown in Fig.
57B. The latter extent is then read into the nmenory and is witten

I mmedi ately af t&4 the thecipreemeresdath kheand- theernw bdath, Basashmirl ias Fi g.
57C. 25 g%en the.sum of the sizes of the latter extent and the

i n-menory dat a TA° 13588 fBn"RHh KRN SARCRePHtthe datalds recerdrbeiong

proceeds from sgep Seast 9,8 S7Z. In step S77, it is judged whether the
sum of the sizes of téi:ag Sr%’rlgfr)c%x%%entqattahéglr&?‘f"‘éjr' extent, and the in-nenory

data is at |east equal skte tgwg/“igﬂ-gc kgpgt t he .sum of
the sizes is less than tmg AV bIocﬁ'I Hg?ﬁg,ﬁﬁﬂ%é%}5@855?%gg€ﬁ8¥%535eﬁo

step S78. Fig. ®BAbshdattan attartg@mntthefiﬁilﬁ‘en{&ngifs g¥l 20l st (R hather
extent, the In area, and the Qut area on the DVD-RAMin a rel ationship j<k,

n+k<B, mn+k<2Bthe AY blegkSrengtithe A¥ 6b) et proceystam prbdedds seamches
for an enpty area i%7gh%osgne zone as the forner extent and the latter
extent. When suiieRy tep 576, where it is judged whether the In area
is larger than the in-memory data. Fig. 56A shows .an
arrangement of the former extent, the latter extent, the In
10 area, and the Out area on the DVD-RAM in a relationship j=2k,
n+k>B. In Fig. 56B, the recording of the in-memory data in
the In area results in the consecutive length of the latter
extent becoming at least equal to the AV block length.
On the other hand, when the In area is smaller than the
15 in-memory data, data is moved. Fig. 57A shows an
arrangement of the former extent, the latter extent, the In
area, and the Out area on the DVD-RAM in a relationship j<k,
n+k>B. In this case, a search is performed for an empty
area in the same zone as the former extent and the latter
20 extent. When such an empty area is found, the in-memory
data is written in the empty area as shown in Fig. 57B. The
latter extent is then read into the memory and is written
immediately after the occupied area of the in-memory data,
as shown in Fig. 57C.
25 When the sum of the sizes of the latter extent and the

in-memory data is less than the AV block length, the
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enpty area is found, the fornmer extent is read into the nenory and is
witten into the enpty area to nove the fornmer extent to the enpty area, as
shown in Fig. 58B. Next, the 15 in-menory data is witten i mredi ately
after the wowedd®dr ner extent, as shown in Fig. 58C. \WhenP€HEBPIFRnDrY
data has been witten, the |latter extent is read into the menory and is
witten inmmediately after the area occupied by the in- nenory data to nove
the latter extent to the enpty area, as 20 shown in Fig. 58D. When the
sum of the sizes of the in-nenory data, the forner extent, and the latter
extent is at |peseseim@lpicrcdede AYohl $Edp |sTBgtBSstépesTH.oc@asshgp UL eeds
fromstep S77 to step S79, and the data are |inked in the manner shown in
25 Fi gs. 594 tie 5odyedriwhetheA thewsurmrofathengbrentobhftheh&ormerer extent,
t he 194 | atter extent, the In area, and the Qut area on the DVD-RAMin a
rel ati onshi p rfBEEBE, nihe IFakter2gxtent s And thse inzmemeryfateé par#brned for
an enpty area.n the s zqQne %ﬂe E rmer..extent and the latter extent.
When such an &7 BAuaL e aCs Y otindc Weth a data size of which is

(the AV bock Iengifien $ik"Skn bt ERLCM: 1Pl HRaENthal e aboBiBEK Xt ent Lo

the enpty area, as shown in Fig. 59B. shown 1n Fig. 59C, the in-nenory
data is wittarngthedi ehelproeseinghbsoskias Hovetep 8.t heifor oea extent.

When the in-nenory 10 data has been witten, the latter extent is noved
to shows an arrangement of the former extent, the latter
extent, the In area, and the Out area on the DVD-RAM in a
relationship j<k, n+k<B, m+n+k<2B. In step S78, the AV file
10 system unit 11 searches for an empty area in the same zone
"as the former extent and the latter extent. When such an
empty area is found, the former extent is read into the
memory and is written into the empty area to move the former
extent to the empty area, as shown in Fig. 58B. Next, the
15 in-memory data is written immediately after the moved former
extent, as shown in Fig. 58C. When the in-memory data has
been written, the latter extent is read into the memory and
is written immediately after the area occupied by the in-
memory data to move the latter extent to the empty area, as
20 shown in Fig. 58D.

When the sum of the sizes of the in-memory data, the
former extent, and the latter extent is at least equal to
two AV block lengths, the processing proceeds from step S77
to step S79, and the data are linked in the manner shown in

25 Figs. 59A to 59D.

Fig. 59A shows an arrangement of the former extent, the
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I medi ately after the occupied area of the in-nenory data, as shown in Fig.
59D. When the judgenent "No" is given in step S64 in the flowhart in Fig.

49, the pro | proceeds to step S65,:15 where it is judged whet her

t he both thce\vs(?gér/{rar'g‘?7 extent mand the latter extent n are shHEPSRHZh t he
AV bl ock length is judged. In other words, it is judged whether an
underfl ow may occur for both the former extent mand the latter extent n.
20 Fig. 60 is a flowhart for when both the forner extent and the
| atter extent are shorter than the AV block | ength. The processing by the
AV file system bAFted eXtentne thpolhairea,i mnBi ghe66ut sarweploni kR BIHIRAM
reference to Figg. 61 2, Gg_and 64. Figs. 61, 62, 63 and 64 show the 25
rel ati onshi ps anbng f?‘llea"-dﬂlé LPZRERTR, tH@*+&REBAt sIm thiids waseheal seaxram and
the Qut area i | | - r ata k, 195 and the AV block B, as
well as the ar eggd?éhrﬁ#%ﬁ gé’gﬁg}gi el o tRetBatRe | LN ZOPgedSa¥e t he ar eas

to which the datermér @Gt hRASLEP | LS. fl hart, .it is judged
whet her the 5 sum of the sizes of t éerinrelg{?r%%%w §h SR 3P oFTRETY ext ent

and the |atter exeanis ifouati,| aasd witila WAtAVsPLOCks LENAYLN 1 5! frROtay t he
processing proceeds to step S81. In this case, the sumo tﬁe St zes "of the

former extent, Pheck nlensibry datk)) armd molved! Stbmrtxteiat oifS tE8O0EEMket han
t he AV bl ock

extent to the empty area, as shown in Fig. 59B. As shown in
Fig. 59C, the in-memory data is written immediately after
this data moved from the former extent. When the in-memory

10 data has been written, the latter extent is moved to
immediately after the occupied area of the in-memory data,
as shown in Fig. 59D.

When the judgement "No" is given in step S64 in the

flowchart in Fig. 49, the processing proceeds to step S65,

15 where it is judged whether the both the former extent m and
the latter extent n are shorter than the AV block length is
judged. In other words, it is'judged whether an uﬁaerflow
may occur for both the former extent m and the latter extent
n.

20 Fig. 60 is a flowchart for when both the former extent
and the latter extent are shorter than the AV block length.
The processing by the AV file system unit 11 in the
flowchart in Fig. 60 is explained with reference to Figs.
61, 62, 63 and 64. Figs. 61, 62, 63 and 64 show the

25 relationships among the data sizes of the extents m and n,

the In area and the Out area i and j, the in-memory data k,
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10 length. As a result, it is judged whether there is an extent which
follows the latter extent. Wien no extent follows the latter extent, the
latter extent is at the end of the AV file that is created by the Ilnklng
of data, swoodn’smo additional processing is needed. WhEACTARYMBnt 15
follows the latter extent, an underflow may occur since the sum of the
sizes of the fornmer extent, the in-nenory data, and the latter extent is

| ess than the AV block Ilength. In order to avoid such underflow, when the
extent followng the latter extent is linked to the latter extent by the
link 20 Pr QeQSshe s Wk B, FAgSweldlAs6the afids imlAhibAwsacn piece
arrangenent of the forner extent the latter extent, the In area, and the
Qut area on t b EN® @M iis aecetdedcnndnqhennne&siioIwhlghephSSQatQtﬂ§ AV file
systemunit 11 wites the in-nmenory data i'n the In area, as shown in Fig.
61B. Wen 25 movede | n-nenory data has been witten in the In area, the AV

fil t t 1 d | to th o

writes the read | att RSB TP ukRer ALMGRRFEor Lt HE SveRederterisr (¥ he
dat t

i T Oty D S

data whose si z@gl €nét IR télxeehtl LU reabtheqh®l Ny AXbebtk +1égth.
in-menory data + the latter extent)) fromthe extent following the latter

extent. The AYff hbe, syisd gpodrissindg prodemdshice stem SALt.h Thethds measeext ent,
the in-nmenory .
the sum of the sizes of the former extent, the in-memory
data, and the latter extent is shorter than the AV block
10 length. As a result, it is judged whether there is an
extent which follows the latter extent. When no extent
follows the.latter extent, the latter extent is at the end
of the AV file that is created by the linking of data, so
that no additional processing is needed. When an extent
15 follows the latter extent, an underflow may occur since the
sum of the sizes of the former extent, the in—memo;y data,
and the iatter extent is less than the AV block length. In
order to avoid such underflow, when the extent following the
latter extent is linked to the latter extent by the link
20 processing shown in Figs. 61A-61D. Fig. 61A shows an
arrangement of the former extent, the latter extent, the In
area, and the Out area on the DVD-RAM in a relationship
m+n+k<B. In step S81, the AV file system unit 11 writes the
in-memory data in the In area, as shown in Fig. 61B. When

25 the in-memory data has been written in the In area, the AV .

file system unit 11 reads the latter extent into the memory
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data, and the latter extent. 10 When the sum of the sizes of the
former extent, the latter extent, and the in-nenory data is at |east equal

to the AV b I th, the processin roceeds to step S8 S82,
v By f ool D of TRl

the AV file unit 11 judges whether the data size of 't ar ea
following the forner extent is 15 | ess than the sum of the sizes of the
| atter extent and the in-nmenory data. |If not, the processing proceeds to
step S83. Fig. 62A shows an arrangenent of the forner extent, the latter
extent, the In area, and the Qut area on the DVD- RAMin a relationship

i [err] n+k, mrnaderiBes| khetxgpdsdatteneerte?y immedipsedysafprmtine area
wites the in-nemory data jnto, the In area, as shown in Figé 62B. After

writing the in- d3¥ athe R APV eda 3 temmiintie the 1aBbR* tHeFandt tor
extent into thgﬁﬂgarg&&%éxaggegv'r 'yésesshto@?‘oliﬁt 12‘:‘.35 eﬁcggt i medi ately after the

occupi ed area t he -nenory data nove®t he | atter extent. Wen

the data size of thengu, aseendwl iWirdg.tBenf WHPRVIH1e sfXt&Ntudit 19SS
than the sumof the sizes of the latter extent and the in-Trenory data, the

processi ng5pr ocesits fdatm shepe SHZd dsst(eRe B . bldt ks 1eRgER4~ [thd Forudged
whet her the data size of the In area preceding the latter extent is less 5
than the sum ofextantsitz&beointrimndmyr tataext em latteirhexiceant henfron dhea. | f
not, the processin roceeds to step S85. Fig. 63A shows an arrangenent of
the forner exte%ﬁ?éh¢;§°ll°Wlng the latter extent. The AV file system unit
11 links this data with the former extent, the in-memory
data, and the latter extent.
10 When the sum of the sizes of the former extent, the
latter extent, and the in-memory data is at least equal to
the AV block length, the processing proceeds to step S82.
In step S82, the AV file system unit 11 judges whether the
data size of the Out area following the former extent is
15 less than the sum of the sizes of the latter extent and the
in-memory data. If not, the processing proceeds to step
583. Fig. 62A shows an arrangement of the former extent,
the latter extent, the In area, and the Out area on the DVD-
RAM in a relationship i»n+k, mt+n+k>B. In step S83, the AV
20 file system unit 11 writes the in-memory data into the In
area, as shown in Fig. 62B. After writing the in-memory
data, the AV file system unit 11 reads the latter extent
into the memory and writes the latter extent immediately
after the occupied area of the in-memory data to move the

25 latter extent.

When the data size of the Out area following the former
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| atter extent, the In area, and the Qut area on the DVD-RAMin a
relationship i<n+k, mtn+k[err]B. In step S85, the AV file 10 system uni t
11 wites the in-nmenory data in the In area as shown in Fig. 63B. After
witing thwo®a4hory data, the AV file systemunit 11 r cBCBIRIB4ITDr mer
extent into the menory and wites the forner extent into a storage area

I mredi ately before the occupied area of the in-nenory data to nove the 15
former extent to the In area, as shown in Fig. 63C. Wen the judgenent "No"
is given in step S84, the processing proceeds to step S86. Fig. 64A shows

an arrangemeniexeént hes flygsernaxt €6 , sl @hbebi 4 &M thbheatfearea, and
the Qut area on the DVD-RAMin a relationship 20 I <n+k, | <mtk,

mrn+k[ err] B. ekbert egnds8Be ih-nemgrygiataphehbeprédessinm ptotdedsitrem of the
former extent, the latter extent, and the in-nenory data is nore than two
AV bl ock | engBh8P $82 kit steReSAY. f iIne sd¢pt SRAunit ikl judgedhelsethmr dheenpty

area in the sggF zone as Ege former extent. \Wen an 25 enpty area i s
found, the AVORFRSEIRIMENRI {7 1ATS: RFSCRARNE ob bR rlatteanextorty khdesdnory

and witaes thenagach QRAPLAOR o 8 8O (O RLLAS STRLY arca Lo, move the

former extent to the enpty area, as sho

AV file systemerbry daealr i keSndhe dHy FRUREYs S %Of'd?:te%rc]igfﬁé Oé%% 5%252%

i Medi ately after the noved forner extent, as Shown i
After witingFibe 63h nshowsyafasfrandemeAY bFl €hé ydri@ruBktedd, r@ads t he
| atter extent into the nenory and
latter extent, the In area, and the Out area on the DVD~-RAM
in a relationship i<n+k, m+n+k>B. 1In step S85, the AV file
10 system unit 11 writes the in-memory data in the In area as
shown in Fig. 63B. After writing the in-memory data, the AV
file system ﬁnit 11 reads the former extent into the memory
and writes the former extent into a storage area immediately
before the occupied area of the in-memory data to move the
15 former extent to the In area, as shown in Fig. 63C.
When the judgement "No" is given in step S84, the
'processing proceeds to step'586. Fig. 64A-shows an
arrangement of the former extent, the latter extent, the In
area, and the Qut area on the DVD-RAM in a relationship
20 i<n+k, j<mt+k, mi+n+k2B. In step S86, it is judged whether
the sum of the sizes of the former extent, the latter
extent, and the in-memory data is more than two AV block
lengths. If not, the AV file system unit 11 searches for an
empty area in the same zone as the former extent. When an

25 empty area is found, the AV file system unit 11 reads the

former extent into the memory and writes the read former
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wites the latter extent into a storage area just after the occupied area
of the in-nmenory to nove the latter extent to the enpty area, as shown in
Fig. 64D. 1Gyooong7s; VWen the .conbined size of the fornmer extent, the
latter extent, and the in-nmemory data exceeds AV bl ocks, itPEEEBAYEY

whet her either the Qut area or the In area is large. Wen the Qut area is

| arge, a part of the in-nenory data is recorded in the Qut area to make the
continuous | ength equal 15 to AV block length. The remaining part of
the in-nmenory data is recorded in a different enpty area, and the latter
extent is movedS¥enL oo thA eMPevtdneaaftoemotai she efmimerngxpent ©f tHwe

I n- menory data.el}{%%]a{t%e In area is, large, the AV file systemunit 11 20
noves the forner T 028nSRAR ih Fd g - afABr e cRFERY 4hRi movepathe @V t he

LI O R T LSO e USEEA T

After this, the remai'ning part o I"n-

area. As a resuatea)fintxd&@ialﬂeyg PEAGL TN Bo{85 Fgﬁtn)ée%g Oe\;?\gﬁ%ﬁgg/s%? Zﬁko"‘fr}eh‘gfhs.

total consecutive length can be kept equal to or ot

199  Aft8r thBidoréaer. exfeet wiiieinigntheNDAYnERA, A4, T ROt AP Of the
|l atter extent are linked in the above-described procedure, the file entries

of the AV file P¥Stefaiinificlideeadheteodmtteexéetintanigitohend\ndhds, Al are
iemjggrat ed. g, 2 +es RLEPLALED J}igeenteri];[cg iasst(:)c?gaagienea(zjc’eaajr'lgstt: h:ftgrro?ciseSi "
occupied area of the in-memory to move the latter extent to
the empty area, as shown in Fig. 64D.
10 When the combined size of the former extent, the latter
extent, and the in-memory data exceeds AV blocks, it is
Jjudged whether either the Out area or the In area is large.
When the Out area is large, a part of the in-memory data is
recorded in the Out area to make the continuous length equal
15 to AV block length. The remaining part of the in-memory
data is recorded in a different empty area, and. the latter
extent is moved to a position directly after this remaining
part of the in-memory data.
When the In area is large, the AV file system unit 11
20 moves the former extent to an empty - area and records a first
part of the in-memory data to make the continuous length
equal to AV block length. After this, the remaining part of
the in-memory data is recorded in the In area.
As a result of the above processing for moving extents,

25 the total consecutive length can be kept equal to or below 2
AV block lengths.
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(3-2-7-1-4-3). Processing When Both the Fornmer Extent and the Latter Extent
are at Least Equal to the AV Block Length When the judgenent "No" is given
in step S65 in the 10 flowchart of Fig. 49, the processin noly eeds to
step S66 WH2P%147Y” | s | udged whether the in-nenory data ié’cgf"g? é%g’ equal to
the AV block length. |If so, the in-menory data is recorded in an enpty
area and the processing ends. Wien the judgnent "No" is given in step S66
in the 15 flowchart of Fig. 49, the AV file systemunit 11 judges

whet her the former extent mis at |east equal to the AV block I ength, the

| atter extent n i After| enst faxmed extehhe ¥4 hilrowiembemgdataband H&EoRE- menory
data is smaller than the conbined size of the In area i_and the Qut area j.
Fig. 65 20 past »f [thechattenmuteniearat Hnkas ianthesabeve WaSCTAREdl t o

the AV block length. Figs. 66A-66D show an suppl nt ary. .exanpl Wi ng
the processi nBrefedufer %’hFi F%l%fé'{%ﬁeﬁnf’? ghe ipB/ I?—f'rr{g.e g%.trﬁt gﬁ’éﬁugg% t he
former extent_and.l atter e bat,h ashtéG-led.0 OhE AV

bl ock I ength. tﬁ?’—'i %As?me(%%ggcgé%@;%%a\?vthgwg?hgﬁen-z%eﬁ%ora%%dg%g and eext ents are
recordedgin tfﬁt%&kﬁeﬁafﬁgoentry&ﬂs ¥beainédd HHdhehecpRbyess RS eddisa resul t
of the steps in Fig. 65. In this case, there is no risk of an underfl ow

occurring for either the fornmer or the latter extent. It 5 woul d be

i deal , however, if the in-nenory data could be
(3-2-7-1-4-3) Processing When Both the Former Extent and the

r v n
When the judgement "No" is given in step S65 in the
10 flowchart of Fig. 49, the processing proceeds to step 866
where it is judged whether the in-memory data is at least
equal to the.AV block length. If so, the in-memory data is
recorded in an empty area and the processing ends.
When the judgment "No" is given in step S66 in the
15 flowchart of Fig. 49, the AV file system unit 11 judges
whether the former extent m is at least equal to the AV
block length, the latter extent ﬁ is af.léast'equal to the
AV block length, but the in-memory data is smaller than the
combined size of the In area i and the Out area j. Fig. 65
20 is a flowchart when the latter extent is at least equal to
the AV block length.
Figs. 66A-66D show an supplementary example showing the
processing of the AV file system unit 11 in Fig. 65. 1In
Fig. 66A, the former extent and latter extent are both at
25 least equal to the AV block length. Figs. 66B~66D show how

the in-memory data and extents are recorded in the In area,
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recorded in at |east one of the Qut area following the AV file Af and the
In area preceding the AF file Af+1 wi thout having to nove the fornmer or

| atter exte%o%h% tep S87 of the flowchart in Fig. 65, it is judged 10
whet her the "X 789Y the Qut area exceeds the data size of tREFNPAARTDry
data. If so, the in-nmenory data is sinply recorded into the Qut area in
step S88, as shown in Fig. 66B. If the size of the Qut area is below the
data size of 15 the in-nmenory data, the processing proceeds to step S89,
where it is judged whether the size of the In area exceeds the data size of
the in-nmenory dgi‘&. ar¢ag@nd REhpn- empy \ambaisa assasteph Mt roef ahdedteps oid he
In area in stepF§90, ss showmn in Fig. 66C. If the in-nenory data cannot be
recorded 20 FAP6 & ther the Qut area or the In area, the processing

proceeds to step S9lpuhgl; innenmory data.is divided into two parts
that are respectively recl%)r (%ggernt T’\’ée(%ﬁt Ner &45knet 130 e rfdeWshown in

Fig. 66D. AfterotbarfDigmeiore¥ieRbr & 1 fggmﬁggytggtfaot%r}g 8%333%:2&% part

of the latter extent are linked Iin t ove- descri be f ile
entries of % he Avuldllke Afdeahat hoReveElesi 2Qhe inlhendQy r@artaeégﬁga god the AV

file Af+1 are integrated. One integrated file entry i's obtained, and the
processing endsFefSrgedip 4tijepsbcensian thkeouBoited o1RewaRgy Exéeny and
the 5 atrer fﬁéegé aellnrde t%g Ifrei\aaszt:eaE qpur%lceti(i)nghgh? \QFBlf(.?L(I:Lt Il_ér-l]-gt Qithout
having to move the former or latter extent.
In step S87 of the flowchart in Fig. 65, it is judged
10 whether the size of the Out area exceeds the data size of
the in-memory data. If so, the in-memory data is simply
recorded into the Out area in step S88, as shown in Fig.
66B.
1f the size of the Out area is below the data size of
15 the in-memory data, the processing proceeds to step S89,
where it is judged whether the size of the In area exceeds
the data size of the in-memory data. If so, the in-memory
data is simply recorded into the In area in step S90, as
shown in Fig. 66C. If the in-memory data cannot be recorded
20 into either the Out area or the In area, the processing
proceeds to step S91 where the in-memory data is divided
into two parts that are respectively recorded in the Out
area and In area, as shown in Fig. 66D.
After the former extent, the in-memory data, and front

25 part of the latter extent are linked in the above-described

procedure, the file entries of the AV file Af that includes
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In step S69 in the flowhart of Fig. 49, it is judged whether the forner
extent mis at least equal to the AV block Iength and the latter extent n
is at |east equal to the AV block length, but the size of the in-nenory
data k 10 woowIsseds t he conbined size of the Qut area | HI4PPH¥I T area i.
Fig. 67 is a flowhart showi ng the processing when both the forner extent
but the conbined size of the In area and the Qut area is bel ow the data
size of the in-nmenory data. 15 Fi gs. 68A-68E show suppl enmentary exanpl es
foe the processing of the AV file systemunit 11 in the flowhart of Fig.
67. In Fig. 68fe Bethet exdcitmahdckheMy Fidet AE+] adterinteigeatedr e Gre | east
equal to AV block length. Figs. 68B-68D show how the extents and i n-nenory
data are recorittdgratédefile 2dtry asechtaQuiedar end tiel pressdngt §ndFcas as
a result of the steps in Fig. 67. In this case, both the former extent and

the latter extent are at |east equal to AV block | ength, so that there S
no risk of an unde h

i n-menory dat a8 e Qces: ! 5 11,09, 24 of 1

o ock length 120 %er EJU eéée.or %% Lasstsgé uﬁ@%@ phe' BPiaidy Lehgtns) ze of
theformer ne rn-menory data I's at 1east equal to two AV block
lengths. |f the t0&ﬁ| sBeg S @RXGeeEhet PlothdHtOG Fesgtdm, itthés judged

whether the former extent m is at least equal to the AV

block length and the latter extent n is at least equal to
the'AV block length, but the size of the in-memory data k

10 exceeds the combined size of the Out area j and the In area
i.

Fig. 67 is a flowchart showing the processing when both
the former extent but the combined size of the In area and
the Out area is below the data size of the in-memory data.

15 Figs. 68A-68E show supplementary examples foe the processing
of the AV file system unit 11 in the flowchart of Fig. 67.
In Fig. 68A, both the former extent and the latter extent
are at least equal to AV block length. Figs. 68B-68D show
how the extents and in-memory data are recorded in the In

20 area, Out area, and other empty areas as a result of the
steps in Fig. 67.

In this case, both the former extent and the
latter extent are at least equal to AV block length, so that
there is no risk of an underflow occurring, although the

25 recording area of the in-memory data must have a continuous

length that - is at least equal to AV block length.
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5 processi ng advances to step S93 where data whose size is (AV bl ock
| engt h-data size of in-nenory data k) is read fromthe end of the forner

extent and an enpty area where the in-nenory data j 0
recor ded. Tﬁ?ﬁﬁﬁgéglts in the recording state of this enptﬂkipﬁéagﬁg bot h

extents being 10 equal to AV block length, as shown in Fig. 68B. If the
judgenent "No" is given in step S92, the processing advances to step S94,
where it is judged whether the total size of the latter extent and the
in-menory data is at |east equal to two AV block lengths. If so, the 15
processing fol |l ows tHe gf@Em 824, ht siepSRRd whecReANtipXarABlVeliyel ®A0the

| ogi cal block wite operation is to be avoided and since a relatively |arge
anount of data CSF®E $HHRASE PREnFRecin-memoryvedatat ini athdeasangauatktof the

| atter extent epdin shorter than AV block |Iength. 20 If the
total size of tggblékt%}°ctx§§ﬁ9t Bt the in- nmenory data is at |east equal

whose size i 5 (AV bl B IeRg A o 2 e RSk or AR PR oF e Fead ' om

whose size is (AV block length-data size © n

the start of thprbetsein®saeahcasdsouas 59320nenpt ¥add %oisg ¢2ze ifhgpame
zone as the fornmer and latter extents, where the In-nenory data 1s then

al so recorded. Bhoekriksndtihsdanat s2z20F in-meaoidi agrstiat & s0kehhi Sr&fPine
area and both extents being equal to AV block length, as shown in Fig. 68C.
If the total si%8doPftihe fformer extent amsddmoWedi ho an empty area where

the in-memory data is also recorded. This results in the
recording state of this empty area and both extents being

10 equal to AV block length, as shown in Fig. 68B.

If the judgement "No" is given in step S92, the
processing advances to step S94, where it is judged whether
the total size of the latter extent and the in-memory data
is at least equal to two AV block lengths. If so, the

15 processing follows the pattern in step S92, since an
ex;essively long logical block write operation is to be
avoided and since a relatively large amount of data can be
moved from the latter extent without any risk of the latter
extent ending up shorter than AV block length.

20 If the total size of the latter extent and the in-
memory data is at least equal to two AV block lengths, the
processing advances to step S95, where data whose size is
(AV block length-data size of in-memory data k) is read from
the start of the latter extent and moved to an empty area in

25 the same zone as the former and latter extents, where the

in-memory data is then also recorded. This results in the
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menory data is below two AV block |l engths, and the total 5 size of the

| atter extent and the in-nmenory data is bel ow two AV bl ock | engths, the
total data anount to be witten into logical blocks will be | ess than two
AV bl ock |WAgIM57 so that the nove processing can be per fRFHEI M Thout
concern for the tine taken by the wite processing involved. 10
Accordingly, when the total size of the fornmer extent and the in-nenory
data is below two AV bl ock | engths, and the total size of the latter extent
and the in-nenory data is bel ow two AV bl ock | engths, the processing

advances to stepoP8fng WMieitR bifethads OMptaf arBe Aed BYtreekeshtanseide 15
| atter extent is found. In this situation, either the forner or the latter

extent may be egma2dio AV ldwgh lLengtie, presbotmeiborigweré8Ci.t is ideal for the
smaller of the two to be noved, hence this judgenent in step S96. Wen the
former extent is thE Emitad@lofienect \ithe iferyespeEnt RAdf §RARIR20

e at ol y 8 PEBPEYHERTA o RBTSRaEVa, MoRAe ol AP St BRE B PG T ength
of "the daja reqapded Lk UlheTBKYCAL Shdvthl DE-REMEY LisRaAYsbhosk, | engt s,
. en the [ at

as shown in Fig. ! er extent is the smaller of
the two, in sk HV%idex 1RnG@hsEXtROtdta1MBY e, attbdrdt thebkNwhEtEsy data

204 then being recorded at a position imrediately before the in- nenory
data. When doiingosbogideel dimickauwisl [ngielssothafetwo AV block lengths,

so that the move processing can be performed without concern

for the time taken by the write processing involvedgd.

10 Accordingly, when the total size of the former extent
and the in-memory data is below two AV block lengths, and
the total size of the latter extent and the in-memory data
is below_two AV block lengths, the processing advances to
step S96, where the larger of the former extent and the

15 latter extent is found. 1In this situation, either the
former or the latter extent may be moved,.althoqgh-in the

| present embodiment iﬁ is ideal for the ;mailér of the two to
be moved, hence this judgement in step S96. When the former
extent is the smaller of the two, in step S97 the former

20 extent is moved, with the in-memory data then being recorded
at a position immediately after the in-memory data. When
doing so, the continuous length of the data recorded in this
empty area will be below two AV block lengths, as shown in
Fig. 68D.

25 When the latter extent is the smaller of the two, in

step 598 the latter extent is moved, with the in-memory data

204



data recorded in this enpty area will be bel ow two AV bl ock | engt hs, as
showmn in Fig. 68E 5 After the former extent, the in-nenory data,

and front p%(;e”?]hstghe | atter extent are Finked in.the abov?‘?‘ﬁ%’%’{’ﬁ%ﬁ{

procedur e, entries of the AV file Af that ‘include

extent and the AV file Af+1 are integrated. One integrated file entry is
obt ai ned, and the processing ends. 10 Fl owcharts for "MERGE"
processing in a variety of circunmstances have been explained, with it being
possible to limt the data size of the noved and recorded data to two AV

bl ock | engt hs i hhenebeinsirecazdedcana imnsitdvay emedidtseldoeeoet sRaNiA-hat
there are no cases where data that 15 exceeds two AV bl ocks | engths
needs to be wriPEBRTY {343 -t hBREB| 8RN P wEheasent deeeus Hiemgtbuoh the

excepti ons wher t exceeds two AV bl ocks_| engths needs to be
witten. In theg??gs’[aeée%& fLBn?Héﬁ FHEY, 3XFBa Wit NP8 RGP FiBuBY | BIREHR of

two AV bl ock | enghéend,s 4£3uUblRdina Ol% only 20 separate enpty areas
of AV bl ock | engt h@%};e avai l ab eln Jf{n@t hi's‘case to create an enpty area

with a contsi nuous | emgtidy ahet \ﬁer;ﬁé/rbéﬂ@éhd,e@ﬂEhin—zﬁéfnéw ¥l Qr gﬁg %%ﬂ ock

| ength nust be noved. In the second exception, in step S8I of t he
25 nmovi ng of paak aof ribve flbéteat éxtemxtzet 16.a%0Ht 5n i thd RSokENEESEAIHRAN

of the latter extent becom ng bel ow AV bl ock 205 length. In this case, a
further nove opBFSt¢YFweldpedile entries of the AV file Af that includes

the former extent and the AV file Af+1 are integrated. One
integrated file entry is obtained, and the processing énds.
10 Flowcharts for "MERGE" processing in a variety of
circumstances have been explained, with it being possible to
limit the data size of the moved and recorded data to two AV
block lengths in the worst case scenario. However, this
does not mean that there are no cases where data that
15 exceeds two AV blocks lengths needs to be written, with the
following two cases describing such exceptions where data
that exceeds two AV blocks lengths needs to be written.
In the first exception, an empty area with a continuous
length of two AV block lengths is required, although only
20 separate empty areas of AV block length are available. 1In
this case to create an empty area with a continuous length
of two AV block lengths, AV data for one AV block length
must be moved.
In the second exception, in step S81 of Fig. 60, the

25 moving of data from the latter extent results in the

remaining part of the latter extent becoming below AV block
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necessary, with the total anount of noved data in the entire processing
exceedi ng two AV bl ock | engths. Wile the above explanation only deals with
the linking 5 of two AV files and in-nenory data, a MERGE command may be
execut ed fYPINMTY one AV file and in-nenory data. This cIETAPERUB sane as
when adding data to the final extent in an AV file, so that the total size
after such addition needs to be at |east equal to AV block size. As a
result, the in-nenory 10 data is recorded into the Qut area follow ng
this final extent. When the Qut area is too small to record all the

i n-menory dat denyBR. r eImithiBgcRsE] HffurterNmBPEDSYe tidn"B¥chRed ecorded in
a separate enpty AV bl ock. The above |inking process has been expl ai ned for
the 15 pr emesessirpe ariltds $he epotalu Grioantwo £ hnowed fdata, ial thewgitire may
al so be used for seam ess reproduction across files. Seanl ess reproduction
across files PEPERSSIRY £XGEARATI FWo A Sdoecki bengthsm a present AV file to

f inf’tegeirzoAV Land i L@%ﬂ%@%@ﬁé’%%ﬁ%ﬁhﬁﬁgﬁ Y S RabRe R st
be at |eapt eqyalyb OA\P‘\%itle%C Enheﬂglrmﬁmo% hgégb?a ttﬁ%ﬁ%’%&n&nﬁﬂg ﬁ%gg;ﬁe?gr ﬁse d

must be used. This conpletes the explandtion I'ng pro

Ibyf the :[A\V fil @exeyated #6¥ lonly oB® APGile GRa21d=remiryRdakl NoTes (daeeVOB
ntrormatli on

is the same as when adding data to the final extent in an AV
file, so that the total size after such addition needs to be
at least equal to AV block size. As a result, the in-memory
10 data is recorded into the Out area following this final
extent. When the Out area is too small to record all the-
in-memory déta, the remaining part of the in-memory data may
be recorded in a separate empty AV block.
The above linking process has been explained for the
15 premise of seamless reproduction within a file, although it
may also be used for seamless reproduction across files.
Seamless reproduction across files r;fers to a branch in
reproduction from a present AV file to another AV file. 1In
the same way as described above, when linking two AV files
20 and in-memory data, the continuous length of each extent
must be at least equal to AV block length, so that a
thorough link procedure must be used.
This completes the explanation of the linking procedure
used by the AV file system unit 11.
25
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and PGC Information The following is an explanation of the updating of the
VOB information (tine map table, seanless |inking 5 infornation) and PGC
|nfornat|on“kﬁgll nformation) when executing a SPLIT command or
command. First, he processing when a SPLIT command has beéﬁ"@?@%ﬂ?@h will
be expl ai ned. Cut of the plurality of AV files that are obtained by the
execution of the SPLIT 10 command, one AV file is assigned the sane
AVFil el D as the AV file which recorded the VOB fromwhich it was split. The
AVFil el Ds of the other AV files split frontthe AV file however need to be
assi gned new valldes-I3CEY) tUpdlat Qe ynreemstiash as an AV file wll
15 | ose several sections due the executlon of a SPLIT command, so that
the marks that indicated the |ost sections 88§ efoimadtion | n the sane
way, the cell |nforn?ﬁ qp that gave t hese marks as the start points and end
points need to be del &t ey &ARRt Of jthe updating of the
addition to del gbgn I necess t.a _generate new cel |
iibgock RELHE Tnap el SERRDE s 3

informati on that indicates the VI esent € of the AV
file as C ¥ S PIMandaﬁitﬁx)VIaﬁaocheﬁgfgﬁ[tétq@ end ﬁ aﬂ?fﬂ:fma e as
CV E PTM and to add this new cell |nfornatPoE ?o 25 Eggﬂﬁﬁﬁééﬁ
management fil eexFoetMQB & SPGITatommand air Mﬂ:ﬁbﬂd@&mﬁé}ﬁiﬁeam ess |inking 207

- First, the processing when a SPLIT command has been
executed will be explained. Out of the plurality of AV
files that are obtained by the execution of the SPLIT

10 command, one AV file is assigned the same AV_File_ID as the
AV file which recorded the VOB from which it was split. The
AV_File_IDs of the other AV files split from the AV file
however need to be assigned new values.

VOBs that were originally recorded as an AV file will

15 lose several sections due the execution of a SPLIT command,
so that the marks that indicated the lost sections need to
be deleted. 1In the same way,.the ceil infhrmation that g;ve
these marks as the start points and end points need to be
deleted from the RTRW management file.

20 In addition to deleting the mark points, it is
necessary to generate new cell information that indicates
the video presentation start frame of the AV file as
C_V_S_PTM and the video presentation end frame of the AV
file as C_V_E PTM, and to add this new cell information to

25 the RTRW management file.

The VOB information that includes the seamless linking
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information and tinme map table is divided into a plurality of parts when
the corresponding VOB is divided. In nore detail, if nx VOBs are produced
by the division, the VOB information is divided to give nx_tinme map tables
and nx 5 WOSM45bf seanl ess |inking information. The vi JETPrE¥tt ati on
start time VOB V.S PTM and the video presentation end tine VOB V_E PTM of a
VOB generated by the processing that acconpanies the execution of the SPLIT
command are respectively set based on the C V.S PTM 10 C V_.E PTM

i ndi cated by the start point and end point in the cell information used for

the SPLIT commimehrmbitg chARIPER M Ghals! RELECR 4 NuitN@etedRt S diivtainhgy

I nformation are al so updated. The followng is a description of how the

i nformati on 150f pdr:suptahethehwrreshbR§ingoromié disideen exeamotred. The
execution of a MERGE conmand results in one AV file being produced froma
plurality of AletdilesifspxtVioBs tane peBducedtbwnrthe dévigden i rthehiVoBpl urality
of AV files will_be cqnposed of sets of frane data that are not

interrel ated, HeERMAFiss 1s diwided,dor piie Jh HiRe BB EAPIRS @A™ | es wil |
not be cogti ng/(t)%gs. Q? tg%\%ﬂigg%e][are réanral?ed a%ie%._\/@ that differs fromthe
plural ity of tha r iﬁﬁﬁﬂ | yRFRETRY in different AV files,
separate VOB | Ds Wiy b&a@éé_ﬂ& ttagibﬂe§ aMORSime? 0B _v_s_prM A@c0Lher
necessary processing is as described in the second enbodiment. However, the
CV E PTMin thidéeldred@fitation end time VOB_V_E_PTM of a VOB generated
by the processing that accompanies the execution of the
SPLIT command are respectively set based on the C_V_S_PTM,
i0 C_V_E_PTM indicated by the start point and end point in the
cell inforﬁatibn used for the SPLIT command. The LAST_SCR
and FIRST_SCR in the seamless linking information are also
updated.
The following is a description of how the information
15 is updated when a MERGE command has been executed. The
exgcution of a MERGE command reﬁults_in one AV file bging
produced from a plurality of AV fileé, so that the VOBs that
are included in this plurality of AV files will be composed
of sets of frame data that are not interrelated, meaning
20 that the time stamps across these AV files will not be
continuous. Since these are managed as a VOB that differs
from the plurality of VOBs that were originally included in
different AV files, separate VOB_IDs will be assigned to
these VOBs.

25 The other necessary processing is as described in the

second embodiment. However, the C_V_E_PTM in the cell
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I nformation that specifies a split area needs to be increased by the nunber
of frames included in the part of the fornmer VOBU that have been encoded.

Simlarly, e S PTMin the cell inf:ormation that specifi it 5
o {eipofyis]

area in a l file needs to be decreased by the nunber S
included in the part of the latter VOBU that have been encoded. (3-2-3) The
defragnentation unit 16 is connected to a fixed 10 magneti c di sc

apparatus. This defragnentation unit 16 reads an extent, out of the
extents recorded on the DVD-RAM t hat have been subjected to |link processing
or other procesHtRIMatHeR et SReEhPEGS & Pldi+ erepereedsdv®S ts recordi ng

area and wites this_extent_onto the fixed nagnetic .disgc apparatus to
generate backup™ gte%s?ﬁ Phe e ?Eﬁgﬁﬁgﬂtt ’E,a“%ﬁssd'nﬁbJBg?%tHé.Jé"@f tp&r@WPFti ng
all of such extgat s8phLo -t i ' ' par :

defragnmentati on unit 16r r‘ggeys t;ﬁ%g ggggre%%éei}j%é%%ﬁ%g'da a&%’nadz_tlanﬁ’i ttgg t he
backup data forc_tvhg bamked-tHe eeheninksimadite ALY spEeAradl aCaphiko the
extent. 20 Here, extents which have an enpty area adjacent to their
recordi ng ar ea axee érteantsttdrmAvhaite bresdgancbet adchyasdie bV thiel auspst em

unit 11 executing a "SPLIT" command or a "SHORTEN' command. These enpty
areas equate t ®faf&agepaiRclhiied éneshedrarid afotthei Aabtems PRI thiss haver di ng

area of the 25 i n- e <5y data or the noved-to area for an extent when a
MERGE command W§§nb88ﬁ°€% fornmed. 209
{3-2-3)

The defragmentation unit 16 is connected to a fixed

10 magnetic disc apparatus. This defragmentation unit 16 reads
an extent, out of the extents recorded on the DVD-RAM that
have been subjected to link processing or other processing,
that has an empty area on either side of its recording area
and writes this extent onto the fixed magnetic disc

15 apparatus to generate backup data in the fixed magnetic disc
apparatus. After writing all of such extent onto the fixed
magnetic disc épparatus, the defragmentation'unit 16 reads
the generated backup data and writes the backup data for the
backed-up extent into the empty area adjacent to the extent.

20 Here, extents which have an empty area adjacent to
their recording area are extents that have been generated by
the AV file system unit 11 executing a "SPLIT" command or a
"SHORTEN" command. These empty areas equate to areas have
been cleared and not since used as the recording area of the

25 in-memory data or the moved-to area for an extent when a

MERGE command. has been performed.
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Fi gs. 69A-69D show an exanple that illustrates the operation of the
defragnentation unit 16. In Fig. 69A, extent #x is shown as an extent with
enpty areas i, j on both sides of its recording area. As shown in Fi-g. 69A,
the 5 A RG#AL ati on unit 16 detects this extent, reaBETARISN413IN t he DVD
recorder 70, and wites it onto the fixed nmagnetic disk apparatus. As a
result of this wite operation, backup data is generated in the fixed
magneti ¢ di sk apparatus, as shown in 10 Fig. 69B. After this, the
defragnmentation unit 16 reads the backup data fromthe fixed magnetic disk
appar atus, as shownigs. F9R-689Cshendanvdanpleheh&Xt Euserbees NendVD- RAM t 0
use both the current recording area of the extent #x and the enpty area |
fol | owi ng thi $PeEabieR Mf dheadefhagnentsdtion andf 16. camt FhgouSdZ&npty area
of length i+4j b%f ofe,the extent #x, as shown in Fig. 69D. By next

perforni ng t hPEBRbcEE SihFRPYP BfcaR QxRN tyyite IRMRGhETERABBUS, | B h of the

enpty area ca l.acreased.. The recordin erforged by . th

def r agnent ati%ﬁgﬁn%@l%%rfol@g FECRMAL, &F By fg? 5%"8?’0?’% 18n rert*®on t he
fixed magneti gedisémaialidhUsini £014 Ny R Lhyr s for
the DVD recorder 70 duri r:1Lg threuwritin?iégte%}%t ﬁ}éiséiet ent agghéﬁt%tt e DVD- RAM
this witing phecPeSirarczalRrsyDd) | ame wrteBXeEUsSEh the FeResahddiddaackup

data before noving the 25 extents to free large enpty areas on the
DVD- RAM t her 8ipk appanafiusef the | osing the data in an extent when there is
a 210 As a result of this write operation, backup data is
generated in the fixed magnetic disk apparatus, as shown in
10 Fig. 69B. After this, the defragmentation unit 16 reads the
backup data from the fixed magnetic disk apparatus, as shown
in Fig. 69C, and writes the extent onto the DVD-RAM to  use
lboth the current recording area of the extent #x and the
empty area j following this recording area. This creates a
15 continuous empty area of length i+j before the extent #x, as
shown in Fig. 69D. By next performing this processing for
fhe extent #y, the céntinuous ienéth 6£.thé empty area can
be further increased.
The recording performed by the defragmentation unit 16
20 is achieved by first storing an extent on the fixed magnetic
disk apparatus, so that even if a power failure occurs for
the DVD recorder 70 during the writing of the extent back
onto the DVD-RAM, this writing processing can still be re-
executed. By generating backup data before moving the

25 extents to free large empty areas on the DVD-RAM, there is

no risk of the losing the data in an extent when there is a
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power failure for the DVD recorder 70. Wth the present enbodi nent

descri bed above, the editing of a plurality of AV files can be freely
performed b er. Even if a plurality of fragnental AV {j with
short conti)r%%%g" engths are generated, the DVD recorder 7}%#Fﬁ%i73abl eto
| i nks these short AV files to generated AV files with continuous | engths
that are at |east equal to AV block length. As a result, problens caused by
the fragnentation of AV files can be managed, and 10 uni nt errupt ed
reproduction can be performed for. the AV data that is recorded in these AV
files. During tR&¥$T MdidugeeEsr nkhe iRVD secoaged Whet her the total size of

the data to be wwittﬁgﬁﬂ as | east %%#Pl,to twQ AV bl ock I engths, and if
so, the nmoved anount © PrEPeR e BRSLImERT jdescrLedh 8PPVE elf® As a

result, it can pgioaf e : £t | e.data to b itten is
bel ow two AV bl ock | engﬁlg, QZSLEP% Jé%yt.(#eﬁ%: %E%gé %’%ﬁ ]?)ee %8%% egﬁ%zg?rﬁneépshort
amount of tine. bEvee Wt .i t Ev6n NEEGS ANYa28t 7 éﬁsf!r}atagrrﬁkfn a1Usersedid i ng 20
operation for a plurality of files to record te-encoded éata with a short
cont i nuous 3 eng¥hth tshomVoonetonales Ikhgihisl arFecgsnkfdtes, ehenpenled data at
a recording position that allows the re-encoded data to be |linked wth the
AV data that prEREUEEL 70 Yhldwke ablutionginkpr thkrms ishortTAVsE ke @5

that the fragne ecpr.di of re-encoded data is prevented fromthe
outset, so t%at Q%ﬁ%ﬂe{teeffr)&g{[ rélgles with cont?.nuous lengt%s that are at least

equal to AV block length. As a result, problems caused by

the fragmentation of AV files can be managed, and
10 uninterrupted reproduction can be performed for the AV data
that is récorded in these AV files.

During.the link processing, it is judged whether the
total size of the data to be written is as least equal to
two AV block lengths, and if so, the moved amount of

15 prerecorded AV data is restricted. As a result, it can be
guaranteed that total size of the data to be written is
below two AV block lengthé, sO0 that the linking can be
completed in a short amount of time.

Even when it is necessary as a result of a user editing

20 operation for a plurality of files to record re-encoded data
with a short continuous length, the DVD recorder 70 will
record this re-encoded data at a recording position that
allows the re-encoded data to be linked with the AV data
that precedes or follows it during reproduction. This means

25 that the fragmented recording of re-encoded data is

prevented from the outset, so that uninterrupted
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211 reproduction will be possible for the AV data that is recorded in
such an AV file. It should be noted here that the novenent of data nay al so
be perforned so as to avoi d excessive separation on the 5 di sc of two
sets of AWEA2¥MThat have been |inked together. In such FCLEEM4 data
produced by linking the sets of data that are physically separated on the
disc is arranged in a nmanner that ensures uninterrupted reproduction of the
two sets of AV data will be possible. However when special 10

reproduction such as fast forward is perfornmed, excessive separation of the

data on the dirgprodhtti@sulillll Be] Bo&yivIRPIERGUEHE OV datahendat 8s To ensure
snoot h reproduction in such a case, when two sets of AV data are linked, if

one of the setrecokdedtin hmwha ab5aAv fLlmsecutive length that is several
times a predeterm ned anmount and an enpty bl ock of suitable size is

posi ti oned betweenTEheheyds Dot gogpddkare thaé ghe megmepd REvEdat: dahi s

enpty bl ock. By dojng so. snmooth reproduction can be ensured,for baqth
nor nal reprod@éﬁoohegﬁﬁr%%dalsoﬁs to VPG EEERRTVS SPRGH ﬁolbeorh&%gd her e

that the §i M JiBLOREBLOMLJEY d3Cab RS QT hOgs BLdn RALRES LBgddiRerel !

i nformation and managed with information such as at rgés taken fromthe
tinme map tabl gn Butheafedds,ofthd Habh Groticed By SO RGeS @het Bbts i 6 Or mation

can be presented to the
data that are physically separated on the disc is arranged
in a manner that ensures uninterrupted reproduction of the
two sets of AV data will be possible. However when speéial
10 reproduction such as fast forward is performed, excessive
separation of the data on the disc will result in jerky
reproductioﬁ of the data.

To ensure smooth reproduction in such a case, when two
.sets of AV data are linked, if one of the sets of data has a

15 consecutive length that is several times a predetermined
amount and an empty block of suitable size is.positioned
between the two sets of data, the.data‘ﬁay be moved to this
empty block. By doing so, smooth reproduction can be
ensured for both normal reproduction and special

20 reproduction.

It should be noted here that the time information
may be taken from the mark points in the cell
information and managed with information such as address
taken from the time map table in the form of a table.

25 By doing so, this information can be presehted to the

user as potential selections in a screen showing the
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user as potential selections in a screen showi ng the 212 initial
pre-editing state. Reduced inages (known as "thunbnails") nay al so be
generated f SHAG,mark point and stored as separate files, mﬁth(gointer
i nfornation al so being produced for 5 ~each thunbnail. \RFEAPHFUPaying
the cell information at the pre-editing stage, these thunbnails may be
di spl ayed to show the potential selections that can be nmade by the user.
Al so, while the present enbodi nent describes a case 10 when video data
and audi o data are handled, this is not an effective limtation for the
t echni ques of tHEpraekareteddpinonsta#oe. a DVD- ROV sub-picture data for
subtitles that has %&en run-length encoded and still inages nay al so be
handl ed. 15 UGES: d8G9RE Jknewry jdse "Shumbmaidis" )1 i ajsso 484\,
48B, 49-50, 55, _60..65 .67) that was described in this third enbodi nent
using fl owchar t% éarna6rbéed a@ﬁ SAP R EK iR heandngtoged pragsanarsueh

20 on a T ecor iy MEdTLHO B Stk OHIA GG 2 L6er o hG hapanrerloran | C
card, an optic | . flo di sc. The, machi ne | anguage program
recorded on thgéarég%:gt?h | ngnararleld'l um hey ‘?’rﬁlw?%s‘f%ﬁ e+ n%%g‘arné?*éhaﬁrﬂt

personal conmputfe gBe-RAHGUHPSLAN: ! Si&ALd et Taehl ne. may be displayed
to show the potential selections that can be made by the
user.
Also, while the present embodiment describes a case
10 when video data and audio data are handled, this is not an
effective limitation for the techniques of the present
invention. For é DVD~-ROM, sub-picture data for subtitles

that has been run-length encoded and still images may also

be handled.

15 ': The processing of AV file system unif il (Figs.
48A, 48B, 49-50, 55, 60, 65, 67) that was describéd in
this third embodiment using flowcharts can be achieved
by a machine language progfam. Such machine language
program may be distributed and sold having been recorded

20 on a recording medium. Examples of such recording
medium are an IC card, an optical disc, or a floppy
disc. The machine language program recorded on the
recording medium may then be installed into a standard
personal computer. By executing the installed machine

25 language programs, the standard personal computer can
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25 | anguage prograns, the standard personal computer can 213 achi eve
the functions of the video data editing apparatus of this third enbodi nent.
Fourth Enmbodi nent 5 The fourth enbodi nent of the present invention
performs awbesisssrage editing process conposed of virtual REIVRSYUET real
edits using two types of program chain, nanmely user-defined PGCs and
original PGCs. To define the user-defined PGCs and the original PGCs, a new
table 10 i s added to the RTRW managenent file of the first enbodi nent.
(4-1) RTRW Managenent File The followng is a description of the

construction 1gcyigbet BACRERNCIRBAGCBRNEAE! bedkB Uaka Gautliagenbodiment. In
the fourth enboglnent ﬁe managenent file is recorded in the sane
directory as AX h&ggugtag BRRY dhk eat ampbaisBathas the content shown in
Fig. 70A. Fig. A shows a detail ed expansion of the stored 20 content of

t he RTRW managenent file in the fourth enbodinent. This is to say, the
| ogi cal format |ocated on the right side of Fig. 70A shows the |ogical

format | ocat edroartheEmebtisede in nore detail, with the broken guidelines
in Fig. 70A show ng the correspondence 25 between the Ieft and right
sides. 214 The fourth embodiment of the present invention - -

performs a two—stage editing process composed of virtual

edits and real edits using two types of program chain,

namely user-defined PGCs and original PGCs. To define

the user-defined PGCs and the original PGCs, a new table
10 is added to the RTRW management file of the first

embodiment.

= W _Mana Fi
The following is a description of the construction -
15 of the RTRW management file in this fourth embodiment.
In the fourth embodiment, the RTRW'ﬁ;hégemeﬁt file is
recorded in the same directory as AV files (the RTRW
directory), and has the content shown in Fig. 70A.
Fig. 70A shows a detailed expansion of the stored
20 content of the RTRW management file in the fourth
embodiment. This is to say, the logical format located
on the right side of Fig. 70A shows the logical format
located on the left side in more detail, with the broken
guidelines in Fig. 70A showing the correspondence

25 between the left and right sides.
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Fromthe |logical format of VOBs shown in Fig. 70A, the RTRW nanagenent file
can be seen to include an original PGC information table, a user-defined
PGC i nformag,i,(%bnt4 le, and a title searg¢h pointer, .in 5 addition to the
VOB information of the first enbodinent. (4-1-2) Content ofP¢HE'¥4E nal
PGC Information The original PGC information table is conposed of a
plurality of sets of original PGC information. Each set 10 of original
PGC information is information that indicates either the VOBs that are
stored in a AV file present in the RTRWdirectory or sections within these
VOBs, in accordance #FfW the épddrcailnfwrinal bife VOB eshawranigedign tHom AV
file. Each set o%ﬁﬁri i nal PGC 15 information corresponds to one of the
VOBs recorded i F%n RARH magnagement fide earRiaVskerctorinckadé hat when an
AV file is recorded.inIF% RTRW directory, sets of original PGC information
are generated by tieR#d g;cd BHAGIRD datheat ' wercrdebinkd PGCt he RTRW
managenent 20 inEEl a i 't7 shows the data format of a set of original
PGC i nf or mat i on PEREHAEACH AR igyi A4 Pt it rspatan peintemosel of a

plurality se .cel | r jan,_w th each set of cell information
bei ng corrpgied tg?dg'ftf‘é% tocefq% VOH dafommation ofs the first enbedimem; .
that is a 215

(4=1-2) Content of the Original PGC Information

The original PGC information table is composed of a
plurality of sets of original PGC information. Each set
10 of original PGC information is information that
indicates either the VOBs that are stored in a AV file
present in the RTRW directory or sections within these
VOBs, in accordance with the order in which these are
_arranged in the AV file. Each set of original PGC
15 information corresponds to one of the VOBs recorded in
an AV file present in the RTRW directory, so that when
an AV file is recorded in the RTRW directory, sets of
original PGC information are generated by the video data
editing apparatus and recorded in the RTRW management
20 file.
Fig. 70B shows the data format of a set of original
PGC information. Each set of original PGC information
is composed of a plurality of sets of cell information,
with each set of cell information being composed of a

25 cell ID (CELL #1, #2, #3, #4... in Fig. 70B) that is a
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uni que identifier assigned to the set of cell information, an AV file ID
(AVFID in Fig. 70B), a VOBID, a CV_S PTM and a C V. E PTM The AV file ID
is a colum for witing the 5 identifier of the AV file that corrésponds
to the setwoduuds$1 information. The VOBID is a col um forPGHIERYHY >t he
identifier of a VOB that is included in the AV file. Wen a plurality of
VOBs are included in the AV file that 10 corresponds to the set of cel
information, this VOBID indicates which of the plurality of VOBs

corresponds to the present set of cell information. The cell start tine
C V.S PTM (abbfrg_\qug edfidrit iE NS M dried e ditvi sw@is)oShewkl t he start tine .
of the 15 cell 1ndicated by the present cell information, and so has a

col um for wiirnfiegridtei diy,S drhav i Bilbs SIYNERVVE ALl hien sSEagt 108, of the first
video field in the section using PTM descriptor format. The cell end tinme C
V E PTM (abbr éx0BatIdy, tao QO7_S RTM; R ian @ e RIrRBEMngs) shows the end tine
of the cell indicated by the present cell information, and so has a colum
for witing the en@hei A §filehd ¥ iisala wodaonf ifoird woitime $&& i on usi ng PTM

descriptor format. The tinme information given as the cell start tine gS
C_V_S PTM and idantighieen ioke they AV FfN%h‘g%t tFRELYIPINIY gto the set o

cell information.
The VOB ID is a column for writing the identifier
of a VOB that is included in the AV file. When a
plurality of VOBs are included in the AV file that
10 corresponds to the set of cell information, this VOB_ID
indicates which of the plurality of VOBs corresponds to
the present set of cell information.
The cell start time C_V_S_PTM (abbreviated to
C_V_S_PTM in the drawings) shows the start time of the
15 cell indicated by the present cell information, and so
has a column for writing the PTS that is assigned to the’
start time of the first video field in the section using
PTM descriptor format.
The cell end time C_V_E PTM (abbreviated to
20 C_ V_E_PTM in the drawings) shows the end time of the
cell indicated by the present cell information, and so
has a column for writing the end time of the final video
field in the section using PTM descriptor format.
The time information given as the cell start time

25 C V_S PTM and cell end time C_V_E PTM shows the start
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time for an encodi ng operation by the video encoder and the end tine for
the encodi ng operation, with these corresponding to the mark points
inserted byyd®, r. The cell end tine CV_E PTMin each | 5
information in guéﬁt of original PGC information matches tﬁgﬁwg%wﬁg#art
time CVSPTM of the next set of cell information in the given order. Since
this relationship is established between the sets of cell information, an
original PGC indicates all of the sections in a VOB 10 wthout omtting
any of the sectigns. _ As a result, an original PGC is unable to indicate
sections of a VEBMEn IR GPuERCRFENS Rezsddnoky dhe ividae emeeder (ard - 3)
Content of the géer-dgfined PGC i nformation 15 . The user-defined PGC
i nformation tabl"8S §%CoipB€edost thepancading peratiqst, usith ddiesed PGC

i nformati on. Th format of ts of user-defined PGC information is
shown in Fig. 78:82§%i%§8 Qgsg‘tos% Fank RRLnsEC ingegitRd ih thedlser s of

el 1 inf ormati on, carpeoroin & ifbnpolon-BitapnagaPhi SoFDok %0 D o
Canposed of & prottPrs ol 4 & GFTeah SABARRR AR (T S 2 Seheg,
as a set of origheakefECskAer FakeO® vAld BANOR A B8 2t bkt set of cell
information in the given order. Since this relationship
is established between the sets of cell information, an
original PGC indicates all of the sections in a VOB
10 without omitting any of the sections. As a result, an
original PGC is unable to indicate sections of a VOB in

an order where the sections are interchanged.

(4-1-3) Content of the User-defined PGC information
15 The user-defined PGC information table is composed
of a plurality of sets of user-defined PGC information.
The data format of sets of user-defined PGC information
is shown in Fig. 70C. Like the sets of original PGC
information, the sets of user-defined PGC information
20 are composed of a plurality of sets of cell information,
each of which is composed of an AV file ID, a VOB_1ID, a
C_V_S_PIM, and a C_V_E_PTM.
A set of user-defined PGC information is composed
of a plurality of sets of cell information in the same

25 way as a set of original PGC information, although the
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nature and arrangenent of these sets of cell information differ to those in
a set of original PGC information. Wile a set of original PGC information
i ndicates that the sections in a video object are to be sequentially 5

r epr oducedWPR944787 order in which the sets of cell infor nBqu"éWS’%"'é’:‘arranged,
a set of user-defined PGC information is not restricted to indicating that
the sections in a video object are to be reproduced in the order in which
they are arranged. 10 The sections indicated by the sets of cel
information in a user-defined PGC can be the sane as the sections indicated

by the sets ofnasete dehd nefrdiFenahor 68t tROsOr s@tPast ¢PBItinFosmstion) of
one of the sections indicated by a set of original PGC information. 15
Note that it idifbssibbethosetim seseétoofi adighhal bPgCoimfsemavionel |
information to overlap a section indicated by another set of cell

i nformati on. THieike ad ssetragf berijgpsabeP@Beinfiosmation ihdicatesntdhatt ed by
one set of cell information and a section 20 that is indicated by another
set of cell intlensecoionghin arwhdechabject savé tgepe de¢guentpelly
information do not need to indicate every section in a VOB, so_that one or
nore part8 of ¥EREABIWESInbR: Beeioudest td. wirtkehethei gehal oPaEE8lhave strict.

limtations 25, concerning their reproduction_orders, user-defined PGCs
218 information are arranged, a set of user-defined PGC

information is not restricted to indicating that the
sections in a video object are to be reproduced in the
order in which they are arranged.

10 The sections indicated by the sets of cell
information in a user-defined PGC can be the same as the
sections indicated by the sets of user-defined PGC
information or a part (partial section) of one of the
sections indicated by a set of original PGC information.

15 Note that it is possible for the section indicated by
one set of cell information to overlap a section
indicated by another set of cell information.

There also may be gaps between a section that is
indicated by one set of cell information and a section

20 that is indicated by another set of cell information.
This means that sets of user-defined PGC information do
not need to indicate every section in a VOB, so that one
or more parts of a VOB may not be indicated.

While original'PGCs have strict limitations

25 concerning'their reproduction orders, user-defined PGCs
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are not subject to such limtations, so that the reproduction order of
cells may be freely defined. As a specific exanple, the reproduction order
of the cellalq'ﬁng75 ser-defined PGC nay be the inverse of the order in 5
which the cél1§ are arranged. Also, a user-defined PGC may GTHE¥ M4
sections of VOBs that are recorded in different AV files. Oiginal PGCs

I ndi cate the partial sections in one AV file or one VOB in accordance with
the order in which 10 the AV file or VOBs are arranged, so that origina
PGCs may be said to respect the arrangenent of the indicated data.
User - def i ned PGBEE RékeBato] egdy & on@usilic B imddtati icirisyn, s@anthato the able to

i ndicate the sections, in the user's desired order. As a result, these user-
15 defined PGCs TEP&EOQ¥EHion,rraes iafy aedpomast itsn firerky definede As a

provi sional |y deternkned b tgg user for the linking of a:EIuraIit of
sections in VOBSPEGH &"éf‘“a’ §rdde eFRnanEIamrster @f ghailc e

o1 g nal PGC onfy UFEd SRR FCGn Tk Ben e VaKSE b iF IS AR |
meanwhi | e, g@are . i mhted tq _being associated to particular VOBs, so that
the sets ofsacel Igmltir? o%t ?grjfaisngrﬁd&friaﬁ r - ferite P PSS THFIRAS fEtray

i ndi cate 25 289 909 cal sk iONs ¥PBYoral Shat are recorded in
different AV files.

Original PGCs indicate the partial sections in one
AV file or one VOB in accordance with the order in which

10 the AV file or VOBs are arranged, so that original PGCs
may be said to respect the arrangement of the indicated
data. User-defined PGCs, however, have no such
restriction, and so are able to indicate the sections in
the user's desired order. As a result, these user-

15 defined PGCs are ideal for storing reproduction orders
that are provisionally determined by the user for the
linking of a plurality of sectioné in VOBs during a
video data editing operation.

Original PGCs are associated to AV files and the

20 VOBs in AV files, and the cells in an original PGC only
indicate sections in these VOBs. User-defined PGCs,
meanwhile, are not limited to being associated to
particular VOBs, so that the sets of cell information

included in user-defined PGC information may indicate

25 sections in different VOBs.
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As anot her difference, an original PGC is generated when recording an AV
file, while a user-defined PGC nmay be generated at any point follow ng the
recording of an AV file. 5 (4-1-4) Unity of the PGC infornmation - Video
Attribute WOXH#ETion - AV File The following is an expl aPfak¥ESBOHBF3 t he
inter- relatedness of the AV files, VOBs, and sets of PCGC 10

information. Fig. 71 shows the inter-relatedness of the AV files, VOBs,
time map table, and sets of PGC information, with the elenents that forma
uni fi ed body being enclosed within the franmes drawn using thick black
lines. Note that inafi gnotfHertdefferenc®CahndpigehsdnPcdsSis §enchbatad
abbreviated to "PGCl". In Fig. 71, the AV file #1, the VOB information #1,
and t he ori gi n@heRCEeicordimgt aanA¥1 fddeposhd lef at hseredefdhete/PHGC may
information #1 to #3 have been arranged within the sane frane, while the AV
file #2, the VOB generatgtiopfraginynppintafdlilbwiog ghealreRGCdimigoofaiinon #2
conposed of the sets of cell information #1 to #3 have been arranged w thin
a different fré&¥efifBese conbinations of an AV file (or VOB), VOB
informati on, and original PGC information that are 25 present in the same
frame in B g. 71 are called an 220 o

(4-1-4) Unity of the PGC information - Video Attribute
Information - AV Fjile

The following is an explanation of the inter-
relatedness of the AV files, VOBs, and sets of PGC
10 information. Fig. 71 shows the inter-relatedness of the
AV files, VOBs, time map table, and sets of PGC
information, with the elements that form a unified body
being enclosed within the frames drawn'using thick black
lines. Note that in Fig. 71, the term "PGC information"”
15 has been abbreviated to "PGCI".

In Fig. 71, the AV file #1, the VOB information #1,
and the original PGC information #1 composed of the sets
of cell information #1 to #3 have been arranged within
the same frame, while the AV file #2, the VOB

20 information #2, and the original PGC information #2
composed of the sets of cell information #1 to #3 have
been arranged within a different frame.

These combinations of an AV file (or VOB), VOB
information, and original PGC information that are

25 present in the same frame in Fig. 71 are called an
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"original PGC' under DVD-RAM standard. A video data editing apparatus that
conplies to DVD-RAM standard treats the units called original PGCs as a

managemnent | led a video title. 5 For the ex le in Fig. 71
t he conbinapggﬁn%%gthe AV file #1, the VOB information #1,%§%HP%WV5?naI PGC

information #1 is called the original PGC #1, while the conbination of the
AV file #2, the VOB information #2, and original PGC information #2 is
called the original 10 PGC #2. Wien recording an original PGC, in
addition to recgrding the encoded VOBs on the DVD-RAM it is necessary to
generate VOB i nf 8FkEEN8A BRE" oringiera DVIDSBAM fsimametaimi f d wiltkese d&3Bs. The
recordi ng of an éS ., original PGC is therefore regarded as conpl ete when
all three of th89AVLRE| BPPYORLYS Shddt compldlsise tcaMVIoRAY milaraed

i nformation hav$ begn ggcorded ontQ_the DVD-RAM Putting this another way,
the recording ot TERtSdEASVERLLEN Calie8 REMDIREIN PRES iae & magiageamentot 20
regarded as co i he recordi ng . of an original PGC on the DVD RAM
This is also tﬂghg%sgg%%?gdalXFPSH,%§Gthat original PGCs are deleted as a

thole, PULE 19U BUPLAL Aol oo o780 A Lhee YOB i oragl o
AV file #1, the VOB information #1, and original PGC
information #1 is called the original PGC #1, while the
combination of the AV file #2, the VOB information #2,
and original PGC information #2 is called the original

10 PGC #2.

. When recording an original PGC, in addition to
recording the encoded VOBs on the DVD?RAM, it is
necessary to generate VOR information and original PGC
information for these VOBs. The recording of an

15 original PGC is therefore regarded as complete when all
three of the AV file, VOB information table, and
original PGC information have been recorded onto the
DVD-RAM. Putting this another way, the recording of
encoded VOBs on a DVD-RAM as an AV file itself is not

20 regarded as completing the recording of an original PGC
on the DVD-RAM.

This is also the case for deletion, so that
original PGCs are deleted as a whole. Putting this
another way, when any of an AV file, VOB information and

25 original PGC information is deleted, the other elements
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in the sane original PGC are al so deleted. The reproduction of an original
PGC is perfornmed by the user indicating the original PGC information. This
nmeans that the user does not give direct indications for 5 t he

reproduct i @47 certain AV file or VOBs. It shoul d be nBEEWFWEE t hat an
original PGC may al so be reproduced in part. Such partial reproduction of
an original PGC is perforned by the user indicating sets of cel
information that are included in the 10 original PGC, although
reproduction of a section that is smaller than a cell, such as a VOBU,

cannot be indi¢at e ERfef Bkhg¥hAG BEBCHIREAIkRE qedRE@EAUCtION a user-
defined PGC. In Fig. 71, it can be seen that the user- 15 defi ned PGC

information #3, conpiesectepfodierLoh | Sf#AntOrHidinas Pec! vslefet Fomeapsyat €
frame to the original PGCs #1 and #2 described earlier. This shows that for

DVD- RAM st andahd, uske uadicdeingedhBCoriipiaalnPGen informationfl.acThA¥ dat a,
and is instead nmanaged as a separate 20 title. As a result, a video data
edi ti ng appar ameandethatsthkeusser ddeki ned BESEei diiwectt iodicatiioasRTRW
managenent file, and by doing so is able to conplete the generation of a
user-defi fed PEze Feproductdeni nfdaPcestatheA¥ fdlg50r V@Bgel ati onship
wher eby the production of a user-defined 222 o
It should be noted here that an original PGC may
also be reproduced in part. Such partial reproduction
of an original PGC is performed by the user indicating
sets of cell information that are included in the
10 original PGC, although reproduction of a section that is
smaller than a cell, such as a VOBU, cannot be
indicated.
The following describes the reproduction a user-
defined PGC. In Fig. 71, it can be seen that the user-
15 defined PGC information #3, composed of the cells #1 to
#4, is included in a separate framé to the original PGCs
#1 and #2 described earlier. This shows that for DVD-
RAM standard, the user-defined PGC information is not in
fact AV data, and is instead managed as a separate
20 title.
As a result, a video data editing apparatus defines
the user-defined PGC information in the RTRW management
file, and by doing so is able to complete the generation

of a user~defined PGC. For user-defined PGCs, there is

25 a relationéhip whereby the production of a user-defined
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PGC equates to the definition of a set of user-defined PGC information.
When deleting a user-defined PGC, it is sufficient to delete the

user-definegmggg4' formation fromthe RTRW5 managenent file, with the
user - def i ne ing regarded as not existing thereafter PCFRE%AHEs for

reproduction of a user-defined PGC are the sane as for an original PGC.
This neans that the reproduction of a user-defined PGC is perfornmed by 10
the user indicating the user-defined PGC information. It is also possible
for user-defined PGCs to be partially reproduced. Such partial reproduction
of a user-defi nB@CPequateachoetvbd Hpfihétuser oifndi sati BF ¢@lcrs ddFaina €
included in the_user-defined PGC. 15 The differences between
ori gi nal PGCs aR@CuiBformgetimmd PGCs are as described above, but, fromthe
vi ewpoi nt of the user, there is no need to be aware of such differences.
This i s because the BR rdekatping atuserviepimed aPGE epibdist suffbtibkath
types of 20 PCCs i erformed in the sane way by respectively indicatin
yp i P : y Dy P y g
the PGC i nf or matP oS OPtEeFRe| HPBFNEEf4REIABGE Aaformationh fiomdshef RIAES
are managed in e .using.a unit called a "video title". The
fol | owi ng gs aﬁ&gﬁ%égﬂﬁPfﬁﬁlg?’tﬁétPeBPSdHE?FUHGQSHEdoPGGrbgﬂnsl PGCs- and
user-defined PEgy,-d08 3L7QUE g%%sting thereafter.
The units for reproduction of a user-defined PGC
are the same as for an original PGC. This means that
the reproduction of a user-defined PGC is performed by

10 the user indicating the user-defined PGC information.

It is also possible for user-defined PGCs to be-
partially reproduced. Such partial reproduction of a
user-defined PGC is achieved by the user indicating
cells that are included in the user—defined PGC.

15 The differences between original PGCs and user-
defined PGCs are as described above, but, from the
viewpoint of the user, there is no need to be aware of
such differences. This is because the entire
reproduction or partial reproduction of both types of

20 PGCs is performed in the same way by respectively
indicating the PGC information or cell information. As
a result, both kinds of PGCs are managed in the same way
using a unit called a "video title".

The following is an explanation of ‘the reproduction

25 of original PGCs and user-defined PGCs. The arrows
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drawn with broken Iines in Fig. 71 show how certain sets of data refer to
other data. Arrows y2, y4, y6, and y8 show the relationship between each
VOBU in a VOB and the tinme codes included in the time nap table in the VOB
5 informWOWA4TSEhile yl, y3, y5, and y7 show the rel ati BR¥MPI¥%%E8 ween t he
time codes included in the tine map table in the VOB information and the
sets of cell information. Here, it is assunmed that the user has indicated
one 10 of the PGCs, so that a video title is to be reproduced. \Wen the
indicated PGC is the original PGC #1, the set of cell information #1

llocated at thedra@ml wvakthl B okendiindles"Fn IFIQr MAL isdbw hows R4AG ety the
reproducti on apparatus. Next, the reproducti'on 15 apparatus refers to the

AV file and VOBfi dettal frefes itkClotiirg idatahe exidodsd 62 ,Se#4,0fyaseldnd y8
informati on #1, and specifies the AV file #1, the VOB#1, and the tinme map
tabl e #1 for tBheowEReaxeillad idvishilpe batiednB eaoh ABINAMEG MOR lamsd ddiel

I nformation. 20 The specified time map table #1 includes the size of
each VOBU t hat tdmepoodest HadlOBeasnd nt der dgimed map drabder iiod tdfe 98h VOBU.

To inprove the data accessing ability, the specified time map table #1 al so
i ncl udes tthe ad@fesmazione| apsde tlne el a5,vand wheheomarthepf 25 © -the VOB

for representative VOBUs that are selected at a 224 ) )
relationship between the time codes included in the time

map table in the VOB information and the sets of cell
information.
Here, it is assumed that the user has indicated one

10 of the PGCs, so that a video title is to be reproduced.
When the indicated PGC is the original PGC #1, the set
of cell information #1 located at the front of the
original PGC information #1 is extracted by the
reproduction apparatus. Next, the reproduction

15 apparatus refers to the AV file and VOB identifiers -
included in the extracted set of cell information #1,
and specifies the AV file #1, the VOB#l, and the time
map table #1 for this VOB as the AV file and VOB
corresponding to this cell information.

20 The specified time map table #1 includes the size
of each VOBU that composes the VOB and the reproduction
period of each VOBU. To improve the data accessing
ability, the specified time ﬁap table #1 also includes
the address and elapsed time relative to the start of

25 the VOB for representative VOBUs that are selected at a
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constant interval, such as a multiple of ten seconds. As a result, by
referring to the time map table using the cell start time C V.S PTM as
shown by th , yl, the reproduction~apparatus can speci he. Uin
the 5 AV ?‘i'?‘egh? (th corresponds to the cell start tine C_\}I_(é‘f HI”‘lwr?gl uded
in the set of cell information #1, and so can specify the first address of
this VOBU. By doing so, the reproduction apparatus can determ ne the first
address of the VOBU that corresponds to this cell 10 start tine

C V.S PTM can access VOBU #1 as shown by the arrow y2, and so can start
readi ng the VOBBCR&HABHcANEREV Ay assh psmavaBltipls mie tidre smtoruds cel |

I nformation #1 al so incl ges the cell end time C V. E PTM the reproduction
appar atus 15 ﬁnaa(’,:@é’sli t hBYt FRESHEFNGake the Fgmehimar diablendising

CV EPTM as s the_arrow y3 0 specify the VOBU in the AV file
t hat correspondgﬁyg)cgﬁé égﬁlrte%&mé FB-R’GS\LPEMPTﬁlsi FOAWHePY Fharav dflcel |

I nf ti #1. . ti . determ 20
the 1irst addreShsof PRRUbBELoR, APBRGRRLE oAtk SPRoY &84 VARD (hrnthie

C V_E PTM gsWh he ; ds to.th |1 ti, C V_E PTMi
VGED 710, for onumoies Thecr GoF SACEPraN. BSpanat (6 o 19 Ao Peading The

VOBU sequence ‘og yesChirng: NOBUHAA, 1S rRROWADY, ALLGW Y4 e 3Ration 41
accessing the AVITIE via the celll?thgnggFoﬁfg 1Y Yheorhmation # ’

and so can specify the first address of this VOBU. By

doing so, the reproduction apparatus can determine the
first address of the VOBU that corresponds to this cell
10 start time C_V_S_PTM, can access VOBU #1 as shown by the
arrow y2, and so can start reading the VOBU sequence
that starts from VOBU#1. |
' Since the set of cell information #1 also includes
the cell end time C_V_E PTM, the reproduction apparatus
15 can access the time map table using this cell end time
C_V_E PTM, as shown by the arrow y3, to specify the VOBU
in the AV file that corresponds to the cell end time
C_V_E_PIM included in the set of cell information #1.
As a result, the reproduction apparatus can determine
20 the first address of the VOBU that corresponds to the-
cell end time C_V_E PTM. When the VOBU that corresponds
to the cell end time C_V_E_PTM is VOBU #10, for example,
the reproduction apparatus will stop reading the VOBU
Sequence on reaching VOBU#10, as shown by arrow y4.

25 _ By accessing the AV file via the cell information
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#1 and the VOB information #1, the reproduction apparatus can read only the
section indicated by the cell information #1, out of the data in VCB #1
that is included in AV file #1. If reads are also perforned for 5

cel | inforw@dyus#2, #3, and #4, all VOBUs that are incl J&%“d"’??ﬁ"“@/@#l can
be read and reproduced. Wien reproduction is perforned for an original PGC
as descri bed above, the sections in the VOB can be reproduced in the order
in which they are arranged in 10 the VOB. The follow ng explanation is
for when the user indicates the reproduction of a video title indicated by
one of the useyl- dald rek RGBS .inMvndtion rdi calrd REEddudtdioniser - def i ned
PGC #1, 15 the reproduction apparatus extracts the set of cel

i nformati on #hpdestatius peEsi tremtedmly tithe feeptticof irud asseyd def ithel PGC
information #1 for this user-defined PGC #1. Next, the reproduction

appar at us r ef el dnffeematiomei  abite ofl the riptehelre 810B stlarthat s -

C V.S PTM 20 included in this cell information #1, as shown by the arrow
y5, and speci fineduded JaBAY @Y ¥ tHatreass agpoidsa Parfiorned L% ar ¢
time CV.S PTMincluded in the cell information #1. In _this case, the
reproduct? on dfiearcitlds peumatdon/disly #5r And Héd vadd M9BUs Hhat #5%sponds

to the cell start t 22
1ncludé§31n'VOB#fwcan(%e read and reproduced.

When reproduction is performed for an original PGC
as described above, the sections in the VOB can be
reproduced in the order in which they are arranged in

10 the VOB.

The following explanation is for when the user
indicates the reproduction of a video title indicated by
one of the user-defined PGCs.

When the indicated PGC is the user-defined PGC #1,

15 the reproduction apparatus extracts the set of cell
information #1 that is positioned at the front of the
user-defined PGC information #1 for this user-defined
PGC #1. Next, the reproduction apparatus refers to the
time map table #1 using the cell start time C_V_S PTM

20 included in this cell information #1, as shown by the -
arrow y5, and specifies the VOBU in VOBU #1 that
corresponds to this cell start time C_V_S_PTM included
in the cell information #1. In this case, the
reproduction apparatus specifies VOBU #11 as the VOBU

25 that correéponds to the cell start time C_V_S_PTM,
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accesses VOBU #11 as shown by the arrow y6, and starts reading a VOBU
sequence that starts from VOBU #11. The cell information #1 included in the

user- defingd)Bifrs#l al so includes the cell end tinme 5 C so that
the reproduction apparatus refers to the tinme map table u§?§§%§?@ﬂ?ell end

time CV_E PTM as shown by the arrow y7, and specifies the VOBU in VOB #1
that corresponds to the cell end tine C V. E PTMthat is included in the
cell information #1. \Wen the VOBU 10 that corresponds to the cell end
time CV.E PTMis VOBU #21. for _exanple, the reproduction apparatus wll
stop readi ng t haCSRBELSeYRBHCE1bnaseabRivAgbyORbEe 2T roas Yohowndhys tanriay v 8.

As descri bed aboved.after §§ﬁgssing the AV file via 15 t he cel
i nformation #1 aRA-VEB fn¥ frgHCREe thatr spradscdizom YR8 #lls perforns

t he sane processing cell informatjon #2, #3, and #4 included in the
user - def i ned PGCilﬁi#%ﬁé%ﬁ%\%ﬂ%°9942&°%x }atnchgdedeinethe| WeeFmat i on #2

Feproduct i on apaar s PEreld PESBnEPRYAFre thaoReit 679 fdfifded 1n the
o this cell i nrormation and FRar FscthBroHlEReossaphPrathonderags b
this AV file. 22He time map table using this cell end time C_V_E_PTM,
as shown by the arrow y7, and specifies the VOBU in VOB
#1 that corresponds to the cell end time C_V_E_PTM that
is included in the cell information #1. When the VOBU
10 that corresponds to the cell end time C_V_E_PTM is VOBU
#21, for example, the reproduction apparatus will stop
reading the VOBU sequence on reaching VOBU #21, as shown
by arrow y8.
As described above, after accessing the AV file via
15 the cell information #1 and VOB information #1, the
reproduction apparatus performs the same processing for
the cell information %2, #3, and #4 included in the
user-defined PGC information #1.
After extracting the cell information #2 which is
20 located at a position following the cell information #1,
the reproduction apparatus refers to the AV file
identifier included in the extracted cell information #2
and so determines that AV file #2 corresponds to this
cell information and that time map table #2 corresponds

25 to this AV file.
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The specified time map table #2 includes the size of each VOBU t hat
conposes the VOB and the reproduction period of each VOBU. To inprove the
data accessing ability, the specified tine map table #2 al so |ncludes 5

t he addr esWO&P#781 apsed time relative to the start of. tHE

representative VOBUs that are selected at a constant interval, such as a
multiple of ten seconds. As a result, by referring to the tine nap table
using the cell start time CV_S PTM as shown by the arrow y9, 10 t he
reproducti on apparatus can specify the VOBU in the AV file that corresponds
to the cell start trhee spedidiBiMtiifel waed tiabllehdé2sdnoliuded Ithenfsdrzeat i on
#2, and so can specify the first address of this VOBU. By doing so, the
reproducti on apparathusveBih tdetercomeodde tte VOB rad achi esspoddudiei OBU
that corresponds to this cell start time CV_S PTM can access VOBU #2 as
shown by the @pewipd 10f eagh SIOBEn STarimpreoent rche hdatOBRCeesSfiREe t hat
starts from VOBU#2, Since the set of cell information #2 also includes 20
the cell end tabilitw Elprredicied rivde tnam talpke d2s2ksp rekadeshe tine
map table using this cell end time C VEPTM as shown by the arrow y11
specify the VC%U’—' i 3drRsS\ARq | @Llapggd c‘bl“‘l‘%sﬁﬁ#%l‘f% ?‘Plet]’&%I?t%’ﬁH ‘P’)r(

CV_E PTMincluded in the set of cell,informati 25 1 A@ g4
t he reproduct | dﬁﬂ%r QX reRresengtative VOBUs t lat Jare se ecte

constant interval, such as a multiple of ten seconds.

result

As a result, by referring to the time map table using
the cell start time C_V_S PTM, as shown by the arrow y9,
10 the reproduction apparatus can specify the VOBU in the
AV file that corresponds to the cell start time
C V_S PTM included in the set of cell information #2,
and so can specify the first address of this VOBU. By
doing so, the reproduction apparatus can determine the
15 first address of the VOBU that corresponds to this cell
start time C_V_S_éTM, can access VOBﬁ'#Z as shown by thé
'arrow y1l0, and so can start reading the VOBU sequence
that starts from VOBU#2.
Since the set of cell information #2 also includes
20 the cell end time C_V_E_PTM, the reproduction apparatus
can access the time map table using this cell end time
C_V_E_PTM, as shown by the arrow yll, to specify the
VOBU in the AV file that corresponds to the cell end
time C_V_E_PTM included in the set of cell information

25 #2. As a result, the reproduction apparatus can
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determ ne the first address of the VOBU that corresponds to the cell end

time CVEPTM When the VOBU that corresponds to the cell end tine CVEPTM i s

VOBU #11, f | e, the reproduction.apparatus will stop 5 rea
%%ﬁ%@g%n reachi ng VOBU#11, as shown by arrow y1BCTAEp8/04173

t he VOBU se

reproduci ng the user-defined PGC information in this way, the desired
sections in VOBs included in two AV files may be reproduced in the
gi ven order. 10 This conpl etes the explanation of the unity of AV

file, VOB information, and PGC information. The fellowing is a description

of the title se&c&Rrpding: dhesifdwst mdinpsT@f the VEBY lelat Gosteadépohds he

Title Search Pointer The title search pointer is information for nmanaging

t he VOB infornaFPoﬁPetFﬁélmQQQaﬂﬂmﬁ RMC E_HIM matWhen trel VOBY i tlest r ecor ded
on a DVD-RAMin the units called video titles that were described above. 20
Each title sear CRFPESROBAS £oc R sl lofenthd imEC GuififerPTMats i OB sk hed to
a set of origingl, PG I nfor %#ﬁn or a set of user-defined PGC information,
atitle type, ahdaStrfPdsere ERPIAGdPn ERRRRERYS Widle WP esponds t o
299 of the FCC 2Radind TRE" Yosd Sdgucitle T Yot ot Nt vobbely, Show that the

by arrow y12.
By reproducing the user-defined PGC information in
this way, the desired sections in VOBs included in two
AV files may be reproduced in the given order.
10 This completes the explanation of the unity of AV
file, VOB information, and PGC information. ‘The

following is a description of the title search pointer

shown in Fig. 70.

15 (4-1-5) Content of the Title Search Pointer

The title search pointer is information for
managing the VOB information, time map table, PGC
information, and AV files recorded on a DVD-RAM in the
‘units called video titles that were described above.

20 Each title search pointer is composed of the PGC number
that is assigned to a set of original PGC information or
a set of user-defined PGC information, a title type, and
a title recording history.
Each title type corresponds to one of the PGC

25 numbers, and is set at the value "00" to show that the
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AV title with the correspondi ng PGC nunber is an original type PGC, or is
set at the value "01" to show that the AV title with the correspondi ng PGC
nunber is a user-defined PGC. 5 The title recording history shows
the data awe 94787 at whi ch the correspondi ng PGC i nf or mat W"\%ﬂg‘“%{"ecor ded
onto the DVD-RAM Wen the RTRWdirectory on a DV/D-RAM i s indicated, a
reproducti on apparatus that conplies to DVD RAM 10 standard reads the
title search pointers fromthe RTRW nmanagenent file and so can instantly
know how many original PGCs and user-defined PGCs are given in each

directory on the QD SRAM@ENGNd&D Haide ey i slagodi tigsanere recorded
I n the RTRW nmanagenent file. 15 (4-1- I nt erchangeability of User-defined

PGCs and Oi gicwilgidls iypes BER) dxfliis Ther userttaefvange PELT nforstadw on
defined in a virtual edit can be used to indicate the |inking order 20
for cells in ahasalthediAV t@stlshominth neldi cof respdnding REGEmMumb¢sols ohce a
real edit has been perfornmed as described in the fourth enbodinent, if a
set of user- defemetefHERd H#@mtion is converted into a set of 25
original PGC information, original PGC information can 230 .

5 The title recording history shows the data and time
at which the corresponding PGC information was recorded
onto the DVD-RAM.

When the RTRW directory on a DVD-RAM is indicated,
a reproduction apparatus that complies to DVD-RAM
10 standard reads the title search pointers from the RTRW
management file and so can instantly know how many
original PGCs and user-defined PGCs are given in each
directory on the DVD-RAM and when eéch of these video
titles were recorded in the RTRW management file.

15

d igi i e

The user-defined PGC information defined in a

virtual edit can be used to indicate the linking order
20 for cells in a real edit, as shown in this fourth

embodiment.

Also, once a real edit has been performed as
described in the fourth embodiment, if a set of user-
defined PGC information is converted into a set of

25 original PGC information, original PGC information can
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be easily generated for the VOBs obtained by this linking. This is because
the data construction of the user- defined PGC information and the original
type 5 [ jon only differ in the value given as the title typé, and
because théwégé@?%%s of a VOB obtained by a real edit are PhEIEEL#HDns t hat
were indicated by the user-defined PGC i nformati on before the real edit.
The following is an explanation of the procedure 10 for a real edit in
this fourth enbodi ment, and of the process for updating user-defined PGC
information to original PGC information. Fig. 72 'shows an exanple of a
user - defi ned P&E &&Bidy wengratiedEdr IthdiYPBY Lobdigedaby PEkis nf or mati on
#1 includes 15_ | only cell#1, and fornms part of an original PGC with VOB#1
and the VOB i nfldfeindn. On the other hand, user- defined PGC information
#2 forms a user-defined PGC using only cell #1, cell#2, and cell#3. In Fig.
72, cel | #1 indi cat esNife1§cPECoHSEr She2data vOBStrUaE IvOBY thes wieomn by
the broken arro Yol %gngSZ while cel | #2 indicates the section from
VOBUHi +1 to VOSISHINeR Yol iRrmaci an aagh the selgbmhnevys4, and cel | #3

i ndi cates £ he segtion .from Vi U#| +1 to VOBU#k+2, as shown by the broken
ﬁ?é’.mfstm“ only |4+§1¢Fe‘f 131 1V R Bxainpieen cas | Ere i kitikeet ed

arrows y55 andy
from 231 . .
type, and because the sections of a VOB obtained by a

real edit are the sections that were indicated by the
user-defined PGC information before the real edit.
The following is an explanation of the procedure
10 for a real edit in this fourth embodiment, and of the
process for updating user-defined PGC information to
original PGC information. Fig. 72 shows an example of a
user-defined PGC and én original PGC.
In Fig. 72, original PGC information #1. includes
15 only cell#l, and forms part of an original PGC with
VOB#1 and the VOB information. Oﬁ-the other.ﬂéné; user-
defined PGC information #2 forms a user-defined PGC
using only cell#l, cell#2, and cell#3.
In Fig. 72, cell#l indicates the section from
20 VOBU#1 to VOBU#i, as shown by the broken arrows y51 and
¥y52, while cell#2 indicates the section from VOBU#i+1 to
VOBU#j, as shown by the broken arrows y53 and y54, and
cell#3 -indicates the section from VOBU#3j+1 to VOBU#k+2,
as shown by the broken.arrows y55 and y56.

25 : In the following example, cell#2 is deleted from
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t he user-defined PGC information, and the user indicates a real edit using
the user-defined PGC information #2 conposed of the cells #1 and #3. In
Fig. 73, the area that corresponds to the deleted cell is shown using 5
shadi ng. OaDIsw475Thi ch is del eted here indicates one of tHMTAPPHI7Y ranes,
out of the plurality of sets of picture data included in VOBU # +1 shown
within the frame wll, using the cell start tine CV.S PTM Cell#2 also 10
i ndi cates one of the video frames, out of the plurality of sets of picture
data included in VOBU #j +1 shown within the frame wl2, using the cell end

time CV_E PTMhd fusereidradd pSC PEAfOFRBPEL o8] Ndhd NenelSesedlef ndpeatiE
information #2, VOBUs #i-1, i, and i+1 | ocated at 15 the end of cell #1

and VOBUs #, 4 tdealneljtrdid Deqtite aiséhedst idd obceelh#@rmatiome}Zubj ect ed

to re-encoding. This re-encoding is perfornmed according to the procedure
descri bed in tdempgosed afhdlisecosdl£ndbdameng3, anw Fihe. | 73K tige cdrede
extents is then perforned according to 20 the procedure described in the
t hird enbodi nethat Rigrrasporsd®viso t hize BRI dted ksebh idesivin Rigindat are
freed by a real edit performed using user-defined PGC information #2. As
shown on $he sshamhindevel of Fig. 74A, VOBUs #i, #i+1, and #i +2 are-

recorded in the 25 AV bl ock #m and VOBUs #j, #j+1, and #j +2 are _recorded

232 Cell#2, which is deleted here indicates one of the
video frames, out of the plurality of sets of picture
data included in VOBU #i+l1 shown within the frame wll,
using the cell start time C V_S PTM. Cell#2 also

10 indicates one of the video frames, out of the plurality
of sets of picture data included in VOBU #j+1 shown
- within the frame wl2, using the cell end time C_V_E_PTM.
If a real edit is performed using the user-defined
PGC information #2, VOBUs #i-1, i, and i+l located at
15 the end of cell#l and VOBUs #j, j+1, and j+2 located at
the start of cell#2 will be subjected'to re-endoding.'
This re-encoding is performed according to the procedure
described in the first and second embodiments, and the
linking of the extents is then performed according to
20 the procedure described in the third embodiment.
Fig. 74A shows the ECC blocks on the DVD-RAM that
are freed by a real edit performed using user-defined
PGC information #2. As shown on the second level of
Fig. 74A, VOBUs #i, #i+l, and #i+2 are recorded in the

25 AV block #m, and VOBUs #j, #j+1, and #j+2 are recorded
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in the AV block #n. As shown in Fig. 73, cell #2 indicates the picture data
I ncluded in VOBU #i +1 as the C V.S PTM and the picture data included in

VOBU #) +1 agyddfsfs;Y E PTM As 5 aresult, a SPLIT commg,g:,r?)?gsmq HORTEN
conmmand of the second enbodi ment are i ssued to free the ar f e ECC

bl ock occupi ed by VOBU #i +2 to the ECC bl ock occupi ed by VOBU #j, as shown
by the franes wl3 and wl4 in Fig. 74A. However, the ECC bl ocks occupi ed by
VOBUs 10 #i and #i +1 and the ECC bl ocks occupi ed by VOBUs #j+1 and j +2
are not freed. Fig,. 74B shows an exanple of a VOB, VOB informati on and PGC
i nformation aft&P 5PPeAV BdPEk 8pmce the area corresponding to cell #2 have
been del eted, VOB # isl%S .deleted_into (ne VOB#1 and VOB#2. When the
SPLIT command is issted?He VOF1%f of Pmt ¢Ohlf $¢ VLoBigatesdthiedpdcnre VOB
i nformation #1 VOB i nf,or.mat i #2. . The time map tables included in this
VOB infornationaggaagggiﬂp$gdé8 ?ﬁPH #hdl pSethep CoV_S_RIMh| @ndl thed t he
time map table - ggt h. iLLLustrated, .the seam ess |linkin
i nf or mati on is_é%gou |v§§gg.1$§%ugeguéniﬁg@EB#ifén&sV@B#QCéﬁe. redq o
by a reprogducti gnrappetat iss¥art BERRathYhAGTal SIRAIRR 25 markf P Snl33

second embodiment are issued to free the area from the

ECC block occupied by VOBU #i+2 to the ECC block

occupied by VOBU #3j, as shown by the frames wl3 and wl4

in Fig. 74A. However, the ECC blocks occupied by VOBUs

10 #i and #i+1 and the ECC blocks occupied by VOBUs #j+1

and j+2 are not freed.

Fig. 74B shows an example of a VOB, VOB information
and PGC information after a real edit. Since the area
corresponding to cell #2 have been deleted, VOB #1 is

15 deleted into (new) VOB#1 and VOB#2.

When the SPLIT command is issued, the VOB
information for VOB#1 is divided into VOB information #1
and VOB information #2. The time map tables included in
this VOB information is also divided into the time map

20 table #1 and the time map table #2. Although not
illustrated, the seamless linking information is also
divided.

The VOBUs in VOB#1 and VOB#2 are referred to by a

reproduction apparatus via these divided time map

25 tables.
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The user-defined PGC i nformati on and original PGC information have the sane
data construction, with only the value of the title types differing. The
sections of VOBS obtained after a real edit were originally 5 i nditcat ed
by the usewofig1sed PGC i nformation #2 before the real ed?zf”%%mﬁﬁ%t t he
user-defined PGC information #2 is converted into original PGC information.
Since this user-defined PGC information #2 is used to define the original
information, there is no need for a 10 separate process to generate new
original PGC data after a real edit. (4-2) Functional Blocks of the DVD

Recorder 70 Fig. 7%Hes udr~adfional HBro cla il agiamrs o nge idimalls PGC
construction of the DVD recorder 70 in this fourth enbodi nent. Each

function showninfobngtidh have cthe zeambydate dhbteuekboni i migthhenpyogr ans
in the ROM | e and controlling the hardware shown in Fig. 17. The DVD pl ayer
shown in Fig. theivateapofctheftitld typessdiffeningng TihétsecbionsdpEc
reading unit 101, a comon file systemunit 10, an AV file systemunit 11,
and an recor di fgBadobtatpedpbenct # oneabneddt were arigimalb¥ same way as
in video data editing apparatus described in the third epbodjnent. The

present 28  EaBbeRRRRt LY theruserrRefeed nPGE tABREIRERPD HoOWRSEPTE 234

in that the AV data recording unit 13 is replaced. with \
the reaf edgt,gso that the user- efineé PGC information

#2 is converted into original PGC information. Since
this user-defined PGC information #2 is used to define
the original information, there is no need for a

10 separate process to generate new original PGC data after

a real edit.

- nctional | VD 7
Fig. 75 is a functional block diagram showing the
15 construction of the DVD recorder 70 in this fourth
embodiment. Each function shown iﬁ Fig. 75 is realizéd.
by the CPU la executing the progréms in.the ROM le and
controlling the hardware shown in Fig. 17.
The DVD player shown in Fig. 75 is composed of a
20 disc recording unit 100, a disc reading unit 101, a
common file system unit 10, an AV file system unit 11, .
and an recording-editing-reproduction control unit 12,
in the same way as in video data editing apparatus
described in the third embodiment. The present:

25 embodiment differs with the third embodiment, however,
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the title recording control unit 22, the AV data reproduction unit 14 is
replaced with the title reproduction control unit 23, and the AV data
editing 5 ' is replaced with theiediting nulti-sta rol unit
26. This DJBBQP%ng al so includes a PCC infornmation table &gréﬁ§b5§32l, an
RTRW managenent file work area 24, and a user-defined PGC information
generator 25, in place of the defragnentation unit 16. 10 (4-2-1)

Recor di ng- Edi ti ng- Reproduction Control Unit 12 The

recordi ng-edi ting-reproduction control unit 12 in this fourth enbodi nent
receives a userf fdidtatiivn A% datd rreganding) umit dl3 ets orgpsacedtwithon t he
DVD- RAM as 15 t he .operation target. On receiving the user indication of
t he operation FﬁFbngﬁﬁhéﬁqﬁﬁﬁﬁﬂ9uFQRﬁ#Qhu?nitxﬁZMhmméoﬁvo@mtaol unit 12
specifies the ratjy on.content according to the user operation that has
been report ed %% tr%’éiurc%ﬂ'&f’e%ﬁﬁ(ﬁ 1 gieRlacadprith thettBtle0 At the

RSt ruct i ons. S ERSCISEASH CORFE RECo A m P T Aias pOLEREnt | s
Fecording ‘cont vty 5o Eeted MV G R o S 44S ApRtERl o
32¥aoztheigthﬁhiQOQaneﬁ%as 5% plé?é} SHQ%E%H% N gg%;%&ﬁﬁe of graphics
information table work area 21, an RTRW management file
work area 24, and a user-defined PGC information
generator 25, in place of the defragmentation unit 16.

10

{4-2-1) Recording-Editing-Reproduction Control Unit 12

The recording-editing-reproduction control unit 12
in this fourth embodiment receives a user indication of
a directory in the directory structure on the DVD-RAM as
15 the operation target. On receiving the user indication
of the operation target, the recording-editing-
reproduction control unit 12 specifies the operation
content according to the user operation that has been
reported by the remote control signal reception unit 8.
20 At the same time, the recording-editing-reproduction
control unit 12 gives instructions so that processing
corresponding to the operation content is performed for
the directory that is the operation target by the title
recording control unit 22, the title reproduction

25 control unit 23, or any of the other components.
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di spl ayed on the TV nonitor 72 under the control of the

recordi ng-editing-reproduction control unit 12. When any of the directories
has been set into the focus 5 state, the recording-editing-reproduction
control unWO94TaAits for the user to press the enter keyPC 8W%ﬂ£ user
does so, the recording-editing-reproduction control unit 12 speC|f|es t he
directory that is presently in the focus state as the current directory. 10
(4-2-2) PGC Information Table Wrk Area 21 The PGC i nformation table work
area 21 is a nenory area that has a standardi zed | ogical format so that

sets of PGC inforngigon7oanshewsuaaceshnphy o€f graghitbi data thB€Cis

I nformation table work area 21 has internal regions that are managed as a
matri x. The pldisplidyedforsdire dv Rdaitdoatumied tdie asontredserft the t he
PGC information table work area 21 are arranged in different colums while
a plurality ofressirsiigig-ealilt iny-creptaductdron 2®nt ol angdd I diWdesr ent
rows. In the PGC information table work area 21, any set of cel

i nformati on i @y stfortde shitregftoRGdeEs ifasy e metaniiie ddweskaeisising a
conbi nati on of a row nunmber and a colum nunber. Fig. 76 shows exanpl es of

~sets of otigi rfdatsecths quﬁRﬁ%ﬁQWQﬂiQN&&‘RQR?QQHQ@&PRrFQﬂ§§Q¥ﬁ%ﬂ%%I|on

tabl e 236 rk area Lt should be noted here that when
q% wéﬁts é%r the user to press the enter key. &hen the

user does so, the recording-editing-reproduction control
unit 12 specifies the directory that is presently in the
focus state as the current directory.
10
4-2- PGC. ion W A 2
The PGC information table work area 21 is a memory
area that has a standardized logical format so that sets
of PGC information can be successively defined. This
15 PGC information table work area 21 has internal regions
that are managed as a matrix. The'pluréiiéy of séts of
PGC information that are present in the PGC information
table work area 21 are arranged in different columns
while a plurality of sets of cell ihformation are
20 arranged in different rows. In the PGC information
table work area 21, any set of cell information in a
stored set of PGC information can be accessed using a
combination of a row number and a column number.
Fig. 76 shows examples of sets of original PGC

25 information that are stored in PGC information table
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recording of an AV file is conpleted, the user-defined PGC information
table will be enmpty (shown as "NULL" in Fig. 76"). In Fig. 76, the original
PCC i nf or ' 5 i ncludes the set of cell informatign #1 show fig the
section bg?&%@ﬁ“éﬁé start tinme tO and the end tinme t1, theng?P%ﬁM§§1|

i nformati on #2 show ng the section between the start tinme t1 and the end
time t2, the set of cell information #3 show ng the section between the 10
start tine t2 and the end tine t3, and the set of cell information #4
showi ng the section between the start tine t3 and:the end tinme t4. (4-2-3)
Titl e Recordi ng'aCntarsia Gdi+ Zt 1should be Thetéd there ecioatli wigenotheol unit
22 records VOBs onto the DVD-RAMin the sanme way as the AV data recording
unit 13 in the BGFHEHRE FhAV fikpugh ¢ompleted sothdecusertdefineddi ng
control unit 2%5%430 ﬁtores a time map, table in the FﬂFNVnanagenent file

work area 20 2%, ‘JERATRELNVERII ot iR, ewpley gbsleown e2S of FLRAI iRGC
gener ati ng or | iRl TG nrg} AT o o1 e | 01 63 1 ebr B gt REPRRRF LR #1220 |
ot 1 cat 1on of o gere the S HE GG Mendr s 4] oobeRind e
recor di ng- edi tigage JEPRMRPLROUEAL Wide Yo 405 SAL1 SadoERLSI B,

the set of cell information #2 showing the section

between the start time tl and the end time t2, the set

of cell information #3 showing the section between the

10 start time t2 and the end time t3, and the set of cell

information #4 showing the section between the start

time t3 and the end time t4.

(4-2-3) Title Recording Control Unit 22

15 The title recording control unit 22 records VOBs
onto the DVD-RAM in the same way as the AV data
recording unit 13 in the third embodiment, although in
doing so the title recording control unit 22 also stores
a time map table in the RTRW management file work area

20 . 24, generates VOB information, and generates original
PGC information which it stores in the PGC information
table work area 21.

When generating original PGC information, the title
recording control unit 22 follows the procedure

25 described below. First, on receiving notification of a
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control unit 22 secures a row area in the PGC information table work area
21. Next, after the AV data 5 recording unit 13 has assigned an AV file
identifier and a VOB identifier to the VOB to be newy recorded, the title
recor di ng WOMAEST unit 22 obtains these identifiers and stOVES P& in the
secured row area corresponding to a newy assigned PGC nunber. 10

Next, when encoding is started for the VOB, the title recording control
unit 22 instructs the MPEG encoder 2 to output the PTS of the first video
frame. When the encoder control unit 2g has outputted this PTS for the

first video frpaEssidie df tdhe reerd Ny FHIOIthd reddidinmP-editriasg+ hi s

value and waits for the user to performa marking operation. Fig. 80A shows

how dat a i nputregpmbdudtpicn ayontrerlf armisd Ugst vien Hited ec arguorediitrsy shown i n
Fig. 75 when a marking operation is perforned. Wile viewi ng the video 20

i mges di spl ayshtorol haikV 2Porseanre? a thow e piteddws B mark key on the

renmote controller 71. This marking operation is reported to the title
recordi ng continflonpftiory takde ok areastwn Aedtor gLitgerthe A%rdatan
Fig. 80A. _The title recording control unit 22 then obtains the PTS 25  for
t he point5 Mer@quﬂ%teg&d‘ﬁ%@srﬁdr%%;ﬁq PomTide  idemel R gad

control unit 2g,_as sho err] .in_Fig. 80A, and sets thjis,as .tine
i nformati on. éJVOB i eﬁ¥}g¥g4 to]the VOB to be newly recoréed, the

title recordihg control unit 22 obtains these
identifiers and stores them in the secured row area
corresponding to a newly assigned PGC number.

10 Next, when encoding is started for the VOB, the
title recording control unit 22 instructs the MPEG
encoder 2 to output the PTS of the first video frame.
When the encoder control unit 2g has outputted this PTS
for the first video frame, the title recording control

15 unit 22 stores this value and waits for the user to
perform a marking operation.

Fig. 80A shows how data input and output are
performed between the components shown in Fig. 75 when a
marking operation is performed. While viewing the video

20 images displayed on the TV monitor 72, the uses presses
the mark key on the remote controller 71. This marking
operation is reported to the title recording control
unit 22 via the route shown as @, @, @ in Fig. 80A.

The title recording control unit 22 then obtains the PTS

25 for the point where the user pressed the mark key from
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The title recording control unit 22 repeatedly perforns the above
processing while a VOB is being 5 encoded. If the user presses the stop

key during ﬁgﬁ)aeneration of .the VOB, the title recording control unit 22
instructs t RA¥8ler control unit 2g to output the presenPSTHBIEHA tine

for the last video frame to be encoded. Once the encoder control unit 2g
has out putted 10 this presentation end tinme for the |last video frane to
be encoded, the title recording control unit 22 stores this as tine
informati on. By repeating the above processing until the encoding of a VOB
i s conplete, thehei eheoderordnhgol5unitcQet,rals whickn?®yei®ISinPrsg Or80a, t he
AV file identifier, the VOB identifier, the presentation start tine of the
first video fraf®d SRESptBisnast komestiaformatdonf. each vi deo frane
corresponding to a point where a marking operation was performed, and the
presentation end ting'@otitlefresrrdineg control funik. 28X repeatetidtyed ti ne
information, the tiitle recording control unit 22 sets the start tine and
# ﬁ g / .
end tinme of a sBETTFBAMEnENEhePeBRr PEpEREEARIAVIILEe i HOR iifs deimyl VOB
identifiersas oggcﬁﬁg of EE'% 25 information which it stores in a
new y-secufed row 939 Re BBeri Rresmasi Shet s kevk cardag thesy
doi ng so, the t} di on | upit 22 _new ener at es
g béﬁgrégfgﬁ oggtﬁe 568, tﬂe title re%o%ding control unit
22 instructs the encoder control unit 2g to output the
presentation end time for the last video frame to be
encoded. Once the encoder control unit 2g has outputted
10 this presentation end time for the last video frame to
be encoded, the title recording control unit 22 stores
this as time information.
By repeating the above processing until the
encoding of a VOB is complete, the title recording
15 control unit 22 ends up storing the AV file identifier,
the VOB identifier, the presentation start time of the
first video frame, the presentation start time of each
video frame corresponding to a point where a marking
operation was performed, and the presentation end time
20 of the final video frame.
Of this stored time information, the title
recording control unit 22 sets the start time and end
time of a section and the corresponding AV file

identifier and VOB identifier as one set of cell

25 information which it stores in a newly-secured row in
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original PGC information. On conpleting the above generation, the title 5
recording control unit 22 associates this original PGC information to the
assi gned PGC nunber, and, in the PGC information table work area 21,”

gener at es WO9WB87sear ch pointer that has type informati oRCEHIMHE t hat
this PGC information is original PGC information, and a title 10

recordi ng history showng the date and tinme at which the recording of this
PGC i nformation was conpleted. It should be noted here that if the title
reproduction control unit 23 can detect when there is a |arge change in the

content of sceges, pddeinisermaefbmegadbe wbe 4réQr PRl | OBy J@SEHGt 96, 25 Ay
automatically obtain the PTS for the points at which such scene changes

occur and autofmd ititly setotdise EOtirol sembt 022 ceewly ndenerdtes. The
generation of a time map table or VOB 20 i nformati on does not formpart
of the gist oforiginahiPEl nemformandiem. wi || not be expl ained. (4-2-4) Title
Reproduction Control Unit 23 The title reproduction control unit 23
perforns 25 repr &uctommiedringarthiealahoser genstbadiicor they tgitlene 240
titles recorded in the current directory that is indicated by the

recor di ngSedi t¥eRPrENRGdcRREBAL cort ¥ of2 Up$sogPates this original PEC

information to the assigned PGC number, and, in the PGC
information table work area 21, generates a title search
pointer that has type information showing that this PGC
information is original PGC information, and a title

10 recording history showing the date and time at which the
recording of this PGC information was completed.

It should be noted here that if the title
reproduction control unit 23 can detect when there is a
large change in the content of scenes, the user-defined

15 PGC information generator 25 may automatically obtain:
the PTS for the points at which such Scene changes occur
and automatically set these PTS in sets of cell
information.

The generation of a time map table or VOB

20 information does not form part of the gist of this

embodiment, and so will not be explained.

o A Ti
The title reproduction control unit 23 performs

25 reproduction or partial reproduction for any of the
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This is described in nore detail below Wen, as 5 shown in Fig. 77A,
one of the directories is selected as the current directory and the user

gi ves an i ngj i for the reproduction<of one of the titl ed in this
directory, ?ﬁ%ﬁ%¥t e reproduction control unit 23’disp|aysi?ﬂzﬁ§%?€gh I mage

shown in Fig. 77A, reads the 10 original PGC information table and
user-defined PGC information table in the RTRW managenent file in this
directory, and has the user select the conplete reproduction or partial
reproduction of_ one of the original PGCs or user-defined PGCs in the
current 15 diiekgDriecorded "Iy fhe ovrrrent Pélseandryethatt hat are

di spl ayed as the oﬁ st %&?Ot ential operation targets. The sets of PGC
i nformati on and-¥&t52% Yeth®nre¢rrdingredihinghoeprodast ind cohtsodr e

the sane as th “éhﬁ%“ in the exanple of Fig. 76. 20 The origina
PGCs that appear ih This interactive screen are shown in a sinple graph

i apl ayed al ong vt Rrie dats SSad Bt iR G bAL e hor QRN AFI g
Lo oo T o SHE 900 AL gl O PP R LSRRI ARTELRERE
(e oo o con 51 AT PGSO DR LS LIRS dn Phoidactat
for the reproduction of one of the title stored in this
directory, the title reproduction control unit 23
displays the screen image shown in Fig. 77A, reads the
10 original PGC information table and user-defined PGC
information-table in the RTRW management file in this
directory, and has the user select the'complete
reproduction or partial reproduction of one of the
original PGCs or user-defined PGCs in the current
15 directory. Fig. 77B shows the PGCs and cells that are
displayed as the list of potential operation targets.
The sets of PGC information and cell information that
represent these PGCs and cells are the same as those
shown in the example of Fig. 76.
20 , The original PGCs that appear in this interactive.
Screen are shown in a simple graph that shows time in
the horizontal axis, with the each original PGC being
displayed along with the date and time at which it was
recorded. In Fig. 77B, the menu at the bottom right of

25 the screen shows whether complete reproduction or
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conpl ete reproduction or partial reproduction or the 5 video title. |If
the user selects conplete reproduction, the title reproduction control unit
23 has the user select one of the PGCs as the operation target, while if
the user swb@8m4yspartial reproduction, the title repr oduc‘f‘F’&W%’%ﬂ ol unit
23 has the user select one of 10 the cells as the operation target. Wen
conpl ete reproducti on has been selected for a PGC, the title reproduction
control unit 23 extracts the cells fromthe PGC sel ected as the operation
target and, by referring a time nap table such as that shown in Fig. 15

71, reproducepdis Sectdgrsdddidigatiad ty B &etd mnanerdyy wie . video

conpleting the reproduction of the sections, the title reproduction control
unit 23 has tREHl¥ erpdies ewntreren cihsgtory Fi By PidsHivy apteel 6l ami t s
for the next selection of cell information. 20 Fig. 78Ais a
fl owchart showi2iyg kehe qur dxtes stexgp e esorpardliladrt V7 I eprisd us ey caot ssefeate| |
information. First, in step S271, the title reproduction control unit 23
reads the C_VcompltendeprodudiMrf raampanrt: el |reprfaduatiam an §hroduced
out of the original PGC 25 information or user-defined PGC inforpation.
Next, in 242 vidgepgidde., tHe the luser@EoRets GPHRIRTOIXeRTAUE LY fi es
the address of the VOBU (START) that includes the picture data assigned
CV S PTM the title reproduction control unit 23 has the user
select one of the PGCs as the operation target, while if
the user selects partial reproduction, the title
reproduction control unit 23 has the user select one of
10 the cells as the operation target.
When complete reproduction has been selected for a
PGC, the title reproduction control unit 23 extracts the
cells from the PGC selected as the operation target and,
by referring a time map table such as that shown in Fig.
15 71, reproduces the sections indicated by the cells one-
by one. On completing the reproduction of the sections,
the title reproduction control unit 23 has the
interactive screen shown in Fig. 77B displayed and waits
for the next selection of cell information.
20 Fig. 78A is a flowchart showing the processing when
partially reproducing sets of cell information. First,
in step 8271, the title reproduction control unit 23
reads the C_V_S PTM and C V_E PTM from the cell

information to reproduced out of the original PGC

25 informatioﬁ or user-defined PGC information. Next, in
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In step S273, the title reproduction control unit 5 23 specifies the
address of the VOBU (END) that includes the picture data assigned

C V.E PTM ' tep S274, the title reproduction contro | reads

t he sectionaﬁggﬁls U (START) to VOBU (END) from the prese%FQQE&@aﬁﬁ step
S275, the title reproduction control unit. 23 10 I nstructs the MPEG
decoder 4 to decode the read VOBUs. In step S276, the title reproduction
control unit 23 outputs the cell presentation start tinme (CV S PTM and
cell presentation end tinme (CVEPTM to the decoder control unit 4k of the
MPEG decoder 4 %%eRa$?H245the rebtbelurepvedyetiponcontophaunat, 28oget her
with a decode proces j$§ request. The reason the title reproduction control

uni t 23 out put sSRFet dthe pddres s onf sklaei BABPn STABT) ofihas trelvdes
decoder 4 is that the decoder, control unit 4k_20 in the MPEG decoder 4
wWill try to dec@b% RYGHULT cfak? 3319183t Ci¥ foP™rthin the section

|l cat e by (he celiy ORI - LG WL ISl L, desede, processi ng,
oNULTS,00b! O $808 45 £: SR STARTN A8 YESHLE Qhe 208 $R109,50 el
repr oduced. pfoﬁ%%téﬁg&tg L °3afa 58641 el " UD! £S ey, VLAEO1L' 8kER: s3940 2
the title reproduction control unit 23 reads the section
from VOBU (START) to VOBU (END) from the present VOB.
In step S275, the title reproduction control unit 23
10 instructs the MPEG decoder 4 to decode the read VOBUs.
In step 5276, the title reproduction control unit 23
outputs the cell presentation start time (C_V_S PTM) and
cell presentation end time (C_V_E _PTM) to the decoder
control unit 4k of the MPEG decoder 4 as valid
15 reproduction section information, together with a decode
processing request.

The reason the title reproduction control unit 23
outputs the valid reproduction section information to
the MPEG decoder 4 is that the decoder control unit 4k

20 in the MPEG decoder 4 will try to decode even picture
data that is not within the section indicated by the
cell. 1In more detail, the unit for the decode
processing of the MPEG decoder 4 is a VOBU, so that the
MPEG decoder 4 will decode the entire section from

25 VOBU (START) to VOBU(END), and in doing so will have
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decodi ng and reproduction of picture data outside the 5 section is
necessary. To prohibit the reproduction of such picture data, the title
reproduction control unit 23 outputs valid reproduction section informtion
to the titMWOMPEAABducti on control unit 23. Fig. 78B showsPABWPHMAIY3t he
section between the cell presentation start 10 time (C V.S PTM and the
cell presentation end tine (CV_E PTM, out of the area between the VOBU

(START) and the VOBU (END), is reproduced. By receiving this valid
reproduction section information, the MPEG decoder 4 can stop the display

15  out put ofpBEt@pOrARta aber SLABeEhOf sabeleon (i ghdsate@nbyhenst aet1of the
VOBU (START) to C V.S PTM and the di splay output of an appropriate nunber

of video fiel dseproduced. E RToe1Dd iheidckbes (ENERctE6h iheuhftsware
construction shown in Fig. 17, the disc access unit 3 20 reads the VOBU
sequence and ouiger sfiéldst oso hehdPES metclookdr fdr vibaohhiei t bygceheconnect i on
(1). The MPEG decoder 4 decodes this VOBU sequence and prohibits the
reproduction ig¢eding and peprodwctiom cefdeictuie IPTA| awtsitie phet t hat
follows CV_E PTM As a result, only 25 the section indicated by the cel
i nformati 8n | SSSAULON ;2 RIERVIACY Si nte brehileit ctherrepraduPaONnedr mati on
or user- defined PGC information includes a plurality of sets of
such picture data, the title reproduction control unit
23 outputs valid reproduction section information to the
title reproduction control unit 23. Fig. 78B shows how
only the section between the cell presentation start
10 time (C_V_S_PTM) and the cell presentation end time
(C_V_E_PTM), out of the area between the VOBU (START)
and the VOBU (END), is reproduced.
By receiving this valid reproduction section
information, the MPEG decoder 4 can stop the display
15 output of an appropriate number of video fields from the
start of the VOBU (START) to C_V_S PTM and the display
output of an appropriate number of video fields from
C_V_E_PTM to the VOBU (END). For the hardware
construction shown in Fig. 17, the disc access unit 3
20 reads the VOBU sequence and outputs this to the MPEG
decoder 4 via the logical connection (1). The MPEG
decoder 4 decodes this VOBU sequence and prohibits the
reproduction output of the part that precedes C_V_S_PTM
and the part that follows C_V_E_PTM. As a result, only

25 the section indicated by the cell information is
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cell information, the procedure shown in Fig. 78A may be 5 repeated for
each set of cell information included in one set of PGC information.

(4-2-5) RTRWMapgesment File Wrk Area 24 The RTRW nanage i rk
area 24 isﬁgymo{§ﬂ§0 area for arranging the ori:ginal PGE3&#¥%?%§?¥gn

tabl e conposed of the plurality of sets of original PGC information
generated in the PGC information table work area 21, the user-defined PGC
i nformati on table conposed of a plurality of sets of user-defined PGC

i nformation, 15 the title search pointers, and the sets of VOB

i nformation, i n"SRESFEEREe with the logical format shown in Fig. 70. The
common file systemynit 10 wites the data arranged in the RTRW nanagenment
file work area 24 iun{}dl%@rﬁrm‘fdi%&@qﬂ%l RE- Alnformatiandornuderng so

20 stores a n ment file.in the RTRWdirectory. (4-2-6)

User - Def i ned chﬁx/\é‘g‘?n%?ﬁ?ohn%%ﬁ’é?s%eP 25Ccindegsar pdurpAdgyPel isetsr @t i on
generator 25 ge t er-defin PCC i nformatjon based on gne set 25

of PGC infor nat?%jélfrgl?:%ér)] g%t?ﬁnt hggﬁmﬁﬁﬂﬁﬁﬁnﬁ”f?wﬂ rB Fig. 78H¢ mapebe

current digect t S C Lpformati,on can be present in the
user-defingd P8£??$§¥§%a¥€%ne%églgé% ggtge ﬁggPFHQFFHQSlBGﬁPded in

i nformation), véhd ddveser bBEAI;AFEHAS ;bxpe that indicates an area inside a
5 section indicated by cell |n¥orna on"in an existing set

(4-2-5) RTRW Management File Work Areg 24

The RTRW management file work area 24 is a work

10 area for arranging the original PGC information table-
composed of the plurality of sets of original PGC
information generated in the PGC information table work
area 21, the user-defined PGC information table composed
of a plurality of sets of user-defined PGC information,

15 the title search pointers, and the sets of VOB
iﬁformation, in accordance with the logical format shown
in Fig. 70. The common file system unit 10 writes the
data arranged in the RTRW management file work area 24
into the RTRW directory as non-AV files, and in-doing so

20 stores a RTRW management file in the RTRW directory.

{4-2~-6) User-Defined PGC Information Generator 25

The user-defined PGC information generator 25
generates user-defined PGC information based on one set

25 of PGC information recorded in the RTRW management file
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of PGC information, and a second type that indicates the sane section as a
set of cell information in an existing set of PGC information. The
user-defined PGC i nformati on generator 25 generates these two types of 10
cel | inforWex%a475Usi ng di fferent methods. To generate theP¢Vm@@%8§be of
user-defined cell information that indicates an area inside a section

I ndi cated by existing cell information, the user-defined PGC information
generator 25 has the title reproduction 15 control unit 23 perform
partial reproduction for the section indicated by the existing cel
information. B ithg Ciereat! idlrectpryductive) dyijed s caqt iigifornation
user-defined PGC information generator 25 nonitors when the user perforns
mar ki ng oper atdamnde présgateria ehes eiser2liefiofed &dC iinffommetiieon wi th t he

times of the marking operations as the start point and end point. In this
way, the user -(deflibesd sREe ioff wsext-idef igedecatldr izF qmadrimnds wsidh def i ned
PGC i nformati on conposed of this first type of cell information. 25

Figs. 79A and thesesheingow g sisdynssdhathdmpicaes ampyiedoingidm@
renote controller 71 when generating user-defined PGC information. Fig. 80B
shows t hed dat £EGHFHAR dRFicatset Dyethddn o raaRicedis Bh&HSthnd Fetrs

inen 2 o PR R s e OLER S T B S WS o

same section as a set of cell information in an existing
set of PGC information. The user-defined PGC
information generator 25 generates these two types of

10 cell information using different methods.

To generate the first type of user-defined cell
information that indicates an area inside a section
indicated by existing cell information, the user-defined
PGC information generator 25 has the title reproduction

15 control unit 23 perform partial reproduction for the
section indicated by the existing Celllinformatidn.
During the partial reproduction for this section, the
user-defined PGC information generator 25 monitors when
the user performs marking operations, and generates sets

20 of cell information with the times of the marking
operations as the start point and end point. In this
way, the user-defined PGC information generator 25
generates user-defined PGC information composed of this
first type of cell information.

25 Figs. 79A and 79B show how the user uses the TV
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nmonitor 72 and presses the mark key on the renote controller 71 at the
begi nning of a desired scene. After this, the desired scene ends, as shown

in Fig. 79B, and the video i mages change.to a content in mh%&@%%8 t he

user has noVOA¥H78st. Accordingly, the user presses the b 4"a7:(f:1ain.

This marking operation is reported to the user- defined PGC information
generator 25 via the route shown as [err], [err], [err] in Fig. 80B. The
user-defined PGC 15 i nformati on generator 25 then obtains the PTS of the
poi nts when the user pressed the mark key fromthe MPEG decoder 4, as shown
by [err] in Fi gnoiDihr a2l sidresméte Ok aslléene7l nkhenagenaratheg
user-defined PGC information generator 25 then generates a set of cel

i nformati on by @fer-defindd nBGE hienfprmapioat e Rigfi 8B dbawsf the dagavoB
identifier to a pair of stored PTS that are the start point and end point
of a section, arPytorrd ewtputddétwetnrhhei compangnhswsovaciredifow’ar ea
the PGC information table work area 21, as shown by [err] in Fig. 25, 80B.
247 Wien geriéRreR i dnasking cPpeeat PeXt iff BERECFBAG: halsi fBPYRt &8 F19-
section indicated by an existing set of cell information, the user-de%’ ed
PGC i nf or it i on’ $RnetRe oises ﬁ%@%?ytE%pVégePhéméQﬁ§tﬁhﬁpEQV?diﬁPoFF&tigg

'ntoa s  differenlofoealsd bletl8s P’ RA2kTRL, 0! BRE® B0t
controller 71 at the beginning of a desired scene.
After this, the desired scene ends, as shown in Fig.
79B, and the video images change to a content in which
10 the user has no interest. Accordingly, the user presses
the mark key again.

This marking operation is reported to the user-
defined PGC information generator 25 via the route shown
as ®, @, @ in Fig. 80B. The user-defined PGC

15 information generator 25 then obtains the PTS of the
points when the user pressed the mark key from the MPEG
decoder 4, as shown by @ in Fig. 80B, and stores the PTS
as time information. The user-defined PGC information
generator 25 then generates a set of cell information by

20 attaching the appropriate AV file identifier and VOB
identifier to a pair of stored PTS that are the start
point and end point of a section, and stores this cell
information in a newly secured row area the PGC

information table work area 21, as shown by ® in Fig.

25 80B.
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area 21. In nore detail, the user-defined PGC information generator 25
secures a row area for one row in the RTRWmanagenent file work area 24,
and assigns a new user- 10 defined PGC information identifier to this row
area. Once WH®MEY| information that shoul d be used in th@CwIrss®mar7s
user-defined PGC i nfornmati on has been indicated, out of the sets of cel

i nformation in the PGC information already stored in the PGC information 15
table work area 21, using a conbination of a row nunber and a col um
nunber, the user-defined PGC information generator 25 reads the cel

i nformation and copaiesn i gehdt Ot EndeMbyrSEEEL S84 P¥Ea | P,
I nformation table work area 21. 2 (4-5-7) é%g?i%%thﬁﬁ??%@?%ggncgﬁéFol Uni t

26 The editingindlitatesageseontibal iuditaBEdCoYt Al 8xtileihiyt e+l 8Rr adygti on

control unit 23, the user-defined PCC inforna?ion ggnerétgr %5,%an§g?2e

seam ess | i nki hgfogmatianitthe teepetbfifed FubtEn&béﬁﬁt@@ht389e9596§55 248
i PGC

including: 1. virtual edits achi eved by defining user-define
i nformation; 225pRevedVscobies theowxibeingeceld vheoriheivhdeatd a | nages
that moul% be gfégégggtb¥og ;?gg ggi%hebgggdiggormation table work .

area 21.

In more detail, the user-defined PGC information
generator 25 secures a row area for one row in the RTRW
management file work area 24, and assigns a new user-

10 defined PGC information identifier to this row area.

Once the cell information that should be used in
the present user-defined PGC information has been
indicated, out of the sets of celi information in the
PGC information already stored in the PGC information

15 table work area 21, using a combination of a row number
"and a column number, the user-defined PGC information
generator 25 reads the cell information and copies it

into a newly secured row area in the PGC information

table work area 21.

20
(4-2-7) Editing Multi-Stage Copntrol Unit 26
The editing multi-stage control unit 26 controls
the title reproduction control unit 23, the user-defined
PGC information generator 25, and the seamless linking
25 unit 20 to perform a multi-stage editing process
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the result of a virtual edit; 3. seanml ess linking, as described in the
first and second enbodi nents; and 4. real edits performed by |inking AV
files as 10y, §agribed in the third enbodi nent. (4-2-7-1) Procedure for
Mul ti - St age 8$ tlng by the Editing Milti-Stage Control Uni £<26FHHal"s
following is a description of the specific 15 procedure for the

mul ti-stage control performed by the editing nulti-stage control unit 26.
When the user selects a virtual edit using the renpte controller 71 in
response to the_ interactive screen shown in Fig. 77A, the editing

nul ti-stage contReludang:26 accesses the 20 RTRW directory, has the
comon file systemunit 10 read the RTRW managenent file fromthe RTRW
directory, and has tie RNk Rdirenchi¢eedtby edefinihe GS&-dafiagedent
file work area éﬁ hbgt, out of the RTRW nmanagenent file stored in the RTRW
management fil e® work® %rmaté?ﬁa 24 the editing nulti-stage control unit 26
249 transfers th orl nal formation table, the user- defined PGC

i nformation table, %?W§e¥ (ﬁ#%RWrﬁﬁﬁsuﬁ%rtﬁ@ YiEyi ther whdeon
tabl e workgare n [,S the table to the tine map table
work 5 area. Bo %% %%aw$?§ AsPsr PR abPFgBEXIaPGEa#nFG#ﬁatP@ﬁed on

the result of a virtual edit;

. 3. seamless linking, as described in the first and

second embodiments; and

4. real edits performed by linking AV files as

10 described_in the third embodiment.

{4-2~-7-1) Procedure for Multi-Stage Editinc by the

-~ The following is a description of the specific

15 procedure for the multi-stage control performed by the
editing multi—stage control unit 26. When the user
selects a virtual edit using the remote controller 71 in
response to the interactive screen shown in Fig. 77A,
the editing multi-stage control unit 26 accesses the

20 RTRW directory, has the common file system unit 10 read
the RTRW management file from the RTRW directory, and
has the RTRW management file stored in the RTRW
management file work area 24. Next, out of the RTRW
management file stored in the RTRW management file work

25 area 24, the editing multi-stage control unit 26
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table, the editing nulti-stage contro

screen shown in Fig. 85, and waits for the next user indication. 10

Fig. 85 shows an exanple of the interactive screen displayed b

moni t or 7270 8%H38%e t he user select the sections for the FSTIE4ITS

user-defined PGC in a virtual edit. This interactive screen displays the

original PGCs 15 and user-defined PGCs as sinple graphs, where the

hori zont al

original PGC and user-defined PGC is also displayed. This interactive

screen di Spl aygddiedilainald k0firfl i

rect angl es.

t he origina
table and the title search 250

axis represents tinme. The recording date and tine of each

PGCs that are arranged vertically in the interactive screen and the

10

15

20

25

Based on the transferred original PGC information
table, the editing multi-stage control unit 26 displays
the interactive screen shown in Fig. 85, and waits for
the next user indication.

Fig. 85 shows an example of the interactive screen
displayed by the TV monitor 72 to have the user select
the sections for the cells of a user-defined PGC in a
virtual edit.

This interactive screen displays the original PGCs

and user—defined PGCs as 31mple graphs, where the

horizontal axis represents tlme. The recordlng date and

time of each original PGC and user-defined PGC is also
displayed. This interactive screen displays the

plurality of cells as a horizontal arrangement of

rectangles. The user may select any of these rectangles

using the cursor keys on the remote controller 71.
These original PGCs and cells are the same as those
shown in Fig. 76, and the following describes the
updating of the original PGC information table, the

user—definéd PGC information table and the title search

250

unit 26 displays the interactive

the TV

FESINAZUH dad angfimidenf 20

The user may sel ect any of %hese rect angl es u3|ng the cursor
keys on the reERiheP Ha®P ! ilforftat iBIEIAd, 0idi A ik idxcrare the
same as those shown in Fig. 76, and the follomnng describes the updating of
PG nterey MRl ithie tFEY einfdignathion Wb ldlafome ¥ 2Inf camnchit | on
pointers with Fig. 76 as the initial
state. Fig. 8kiansferdsovutwartinshmapgdbdie o ddssitnigneomahetadulie ivark

mul ti-stage control unit 26 when defining a user-defined PGC. In this
flowcharty thenea.able j 5 I ndi cates one of the plurality of original
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vari able k indicates one of the plurality of cells that are arranged
horizontally in the interactive screen. The variable mis the PGC nunber
t hat shoul d}@e”,ww,, assigned to the set of user-defined PGC infornation

that is being newry defined in the RTRW nanagenent file, afGTR&EPiable n
I's the cell nunber that should be assigned to the set of cell information
that is being newy defined in the RTRWnmanagenent file. 15 In step

S201, the editing nulti-stage control unit 26 substitutes a val ue given by
adding one to the last nunber of the original PGC information in the RTRW
managenent fil ep¢imbersewibhi Bbye hbaad Lthe tintieikhestatieable n. In step
S202, the editing nmulti-stage 20 control unit 26 adds a space for the nth
user-defined PGC i nfirFmt8lonia @ thlowslartehoeindGhe npoocassbngt affl e and
in step S203, the editing nulti-stage control unit 26 waits for the user to
make a key oper®® oRdithog mudtisstagascantzod keytopér wheondeifinsnegp aS204
the 25 editing mul.ti-stage control unit 26 sets the flag for 251 t he
pressed key, ouf %T"gﬂtl??%ggG?hatIEthé§p5h§WFbaﬁﬁe kbes veriabder dnot e
controller_71, at . 1" i S205 | es whether the EnterFlag, which

and in ste ud
shows mhetﬁer th@d%%?%?stthag BEEnPbPESéégY P§ origipalsPEpssibet mre
e e e M L2 2AG08 GORLIGL V0T 1 28n L U9RES AR 0S5 hlen 00G Tk W "
variable k indicates one of the plurality of cells that
are arranged horizontally in the interactive screen.
The variable m is the PGC number that should be
10 assigned to the set of user-defined PGC information that
is being newly defined in the RTRW management file, and
the variable n is the cell number that should be
assigned to.the set of cell information that is being
newly defined in the RTRW management file.
15 - In step 5201, the editing multi-stage control unit
; 26 substitutes a value given by addihg one to the last
number of the original PGC information in the RTRW
management file into the variable m and "1" into the
variable n. 1In step S202, the editing multi-stage
20 control unit 26 adds a space for the mth user-defined
PGC information to the user-defined PGC information
table and in step S$203, the editing multi-stage control
unit 26 waits for the user to make a key operation.
Once the user has made a key operation, in step 5204 the

25 editing multi-stage control unit 26 sets the flag for
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pressed, is "1". When both these flags are "0", the editing nulti-stage
control unit 26 uses the R ght Flag, Left Flag, DownFl ag, UpperFl ag, which
respectively show 10 whether the right, left, down, or up keys have been
pressed, twopdi478T mthe fol | owi ng cal cul ations, before sutSHIM¥P4IARY t he
calculation results into the variables k and j.

k[err]k+1*(Ri ghtFl ag)-1*(LeftFl ag) 15 j[err]j+1*( Down
Fl ag) - 1*(UpFl ag) Wien the right key has been pressed, the Right_Flag is set
at "1", so that the variable k is increnented by "1". Wen the up key has

been pressed, e A 1180 out ¢ He 'flags ARd@IcdFEedFondES the S

I ncremented by "1". Conversely, when the | eft” key has been pressed, the
LeftFlag is sefeyd orl"thé rdntiie tduntaedimady €7k, St derr eramd eth bytéd”. I n

t he sane way, when the down key has been pressed, the DownFlag is set at
"1", so that 2205 thelgew ivtiEtthgr ithelErne iy bwhilch s whdtlesr
updating the values of the variables k and ] in this way, the editing
mul ti-stage cdite @nter tked6 Hes been qatdssexpy esenthti onln rstemw $20,md col um
k displayed in the focus state in step S208, clears all of the flags 5
assi gned %0 kdjhe @diting envhtel vitrage|dant il tunidera6 i judgep Wrathennd
returns to step S203 where it waits once again for a key operation. By
repeating the HhrodnfuRlag, which shows whether the end key has been

pressed, is "1". When both these flags are "0", the

editing multi-stage control unit 26 uses the Right_ Flag.

Left_Flag. Down_Flag. Upper Flag, which respectively show

10 whether the right, left, down, or up keys have been

pressed, to perform the following calculations, before

substituting the calculation results into the variables

k and j. |

k-k+1* (Right Flag)-1* (Left_Flag)

15 j-j+1* (Down_Flag)-1* (Up_Flag)

When the right key has been pressed, the Right_Flag
~is set at "1", so that the variable k is incremented by
"1l". When the up key has been pressed, the Up_Flag is
20 set at "1", so that the variable j is incremented by
"l". Conversely, when the left key has been pressed,
the Left_Flag is set at "1", so that the variable k is
decremented by "1". In the same way, when the down key
has been pressed, the Down_Flag is set at "1", so that

25 the variable j is decremented by "1".
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In steps S203 to S209 descri bed above, the focus state can nove up/down and
|l eft/right anong the cells 10 according to key operations nade using the

renote contpaller 71. If the user presses the enter key with an f__the
cells in th@%f%}gﬂg;state during the above processing, the EGTeT 173

mul ti-stage control unit 26 proceeds to step 15 S251 in Fig. 82. In step
S251 of Fig. 82, the editing nmulti-stage control unit 26 has the user give
an indication as to whether the cell information in rowj and colum k
shoul d be used as it is, or whether only an area within 20 t he section
i ndi cated by this ceiftenfupdating thetvabeessefl. thenarhabtek! ki ahadr Hati on
is to be used ag it is, the editing multi-stage control unit 26 copies the
cel | representatPofNif Fa¥-j thededaltimy muls itissageaconginedn wsitr &6 hamnd
colum n in step S252, and defines 25  Original PGCH#| . CELL#k as
User Defined PGERf BELL#KePRessdtationeinsyoy. japner coliumndds idiisriaved st ep
S254 the editin nngbti-stage contrql unit 26 increnents the variable n and
proceeds to steg s588 . FRCEPgSTate WheSteR 8208 wicdgars id s &f ithe iHa%st ed
by this 5 5 cel sggfgrﬁa%ioQ in row j and columm k shaqul d_bhe used, the
edi ting multi-sf83aJesht F8I “G¥Pt °B6 throcEBas e FortaR1d83s 1o tarenhd it e
reproduction cogtrgl 5885t 484 returns to step S203 where it waits once
again for a key operation. By repeating the procedure
in steps S203 to S209 described above, the focus state
can move up/down and left/right among the cells
10 according to key operations made using the remote
controller 71.
If the user presses the enter key with any of the
cells in the focus state during the above processing,
the editing multi-stage control unit 26 proceeds to step
15 S251 in Fig. 82.
In step $251 of Fig. 82, the editing multi-stage
control unit 26 has the user give an indication as to
whether the cell information in row j and column k
should be used as it is, or whether only an area within
20 the section indicated by this cell information is to be
used. When the cell information is to be used as it is,
the editing multi-stage control unit 26 copies the cell
- representation in row j and column k to the space given

as row m and column n in step 8252, and defines

25 Original PGC#J.CELL#k as User_Defined PGC#m.CELL#n in

253



commence partial reproduction for the cell information in row | and colum

k. 10 In step S255, the editing nulti-stage control unit 26
determ nes the circunstances for the reproduction of the cell infornmation
in row | awmd%es#sm k. This deternmination is performed si REEIRAKEBHY he
section indicated by this cell information has been reproduced 15 in

part, there is no need to reproduce the section once again fromthe start,
with it being preferable in this case for the reproduction of the section
indicated by the cell information in rowj and colum k to conmence at the

posi tion wherestBg BpeYi OUAFEERr QHYS! HARiNAAg20in keEep Babadthet ep S266),
this point being called the reproduction termnation point t. On the other

hand, when thee@gtingninal GBtseAgencbatrbladdieokgmnkrbaentet theen
reproduced, the section indicated by the cell information in rowj and

colum k 25 wariepleduncendf peockbeasstar step SROP SA6Figwi B .t he 254
processing then returning to steps S256 and entering the | oop fornmed of
st eps S256-and S257Whe3t egn S25%a waitlsih othe heecejomdimdioated bhethes| to
end, while step S257 waits for the user to press the mark keé. When the 5
j udgenent 5" Yesteld ghfemmphionepnSzew, jt Bedprodumpi kgshovadcbe ts§eshep
S258, where the tinme information for the pressing of the mark key is
obt ai ned, and Ehenegdting multi-stage control unit 26 proceeds to step
8255 to have the title reproduction control unit 23
commence partial reproduction for the cell information
in row j and column k.
10 In step S255, the editing multi-stage control unit
26 determines the circumstances for the reproduction of
the cell information in row j and column k. This
determination is perfdrmed since when the section
indicated by this cell information has been reproduced
15 in part, there is no need to reproduce the section once
'adain from the start, with it being preferable in this
case for the reproduction of the section indicated by
the cell information in row j and column k to commence
at the position where the previous reproduction was
20 terminated (Step S5266), this point being called the
reproduction termination point t.
Oon the other hand, when the cell information in row
j and column k has not been reproduced, the section

indicated by the cell information in row j and column k

25 is reproduced from the start in step $265, with the
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step S259. In step S259, the editing nulti-stage control unit 10 26

j udges whether two sets of tine information have been obtained. |If not, the
processi ng rﬁturns to step S256, or if so, the processing advances to step
$260 where YREV6Bthi ned two sets of tineiinformation are sBETARSMAE3st art
poi nt and end point. 15 One of the sets of tinme information
obtained here is the start of the video scene which was nmarked by the user
during its display on the TV nonitor 72, while the other set of tine
information is the end of this video scene. These sets of tine information
are interpret edP2ocessasgnmahknngesusadngond BHdys FAGE tald RET W 6h t15e
especially wanted by the user as material for a video edit. Accordingly,
user - def i ned PGEOPRf §praedoniskseps 5@ 5ge rercatsas 1.hi StRCctI2B6 wedithatogel |
information is generated in the PGC information table work area 21. 25

The processing gh@nrﬁaﬁaﬁ§§§lP6 ofeth82621125% end,n witide SiHelp I267
user-defined PCGC infornmation generator 25 obtains the VOBID and AV file ID
in Origi nal PGCHY2EEPLART FResHEBrSEE2pPress tder mdafk rkey PGWHer drheat i on
gener at or ?5 gener,at es g w,User Defined_PGCHm CELL#n using the obtained
start poinP and)BAGPSPht "YOBRI BS 9A¥eAVin sEepDS257 stthye $2BRessinend

oint informati ' ored as t reproduction
p ngéﬁcgg Eo s%ep ESSB,pwhere the time information for
the pressing of the mark key is obtained, and then to

step S259.

In step S259, the editing multi-stage control unit
10 26 judges whether two sets of time information have been
obtained. ‘If not, the processing returns to step S$256,
or if so, the processing advances to step S260 where the
obtained two sets of time information are set as the

‘start point and end point.

15 One of the sets of time information obtained here
is the Sfart of the video'sééﬁe which Qas-ﬁagiéa:gy the
user during its display on the TV monitor 72,'while.the
other set of time information is the end of this video
scene. These sets of time information are interpreted

20 as marking a section in the original PGC which is
especially wanted by the user as material for a video
edit. Accordingly, user-defined PGC information should
be generated this section, so that cell information is

generated in the PGC information table work area 21.

25 The processing then advances to step S261.

255



termnation point t and in step S254, the variable n is increnented, before

the processing returns to step S209. 10 As a result of the above
processi ng, new user- defined cell information is generated fromthe cel

i nf or mat i OWOI%1478%v j and colum k. After this, another ceP¢THESRHYF3 into the
focus state and anot her set of user-defined ceII I nformation is generated
fromthis 15 cell, so that a set of user-defined PGC information is
gradual ly defined one cell at a tine. It should be noted here that if the
reproduction based on the cell information in rowj and colum k in the

| oop process shown1as stleP 532326 theSi@RrSgefigREs p8e infdrtich marki ng
operation having been nmade, the processing will return to step S254. \Wen

it is determ nashdiwtost IES esist &irys hietse DESH 15 ess@ v tHE1 é utlgengnt "Yes" is
given in step S206 in Fig. 80B and the processi ng advances to step S213.

In 25 step SMiYyiralePECHH. CREDilayedn cstheyes26®, Ukt usel-ode £1 12660
whet her a next user-defined PGC is to be defined. When the user wi shes to
define a new R} -ideformat iREC genkexptes 25 genkratesn of such, in step S214
the variable mis incremented, the variable nis initialized and the 5
processi ng pr dEaK Pl ned REGHOCEIG s AIRing 4 ohyaigre | stareeednte of
the Definition of User-Defined PGC Information
and end point, VOB_ID, and AV file ID. 1In step 5263,
the end point information is stored as the reproduction
termination point t and in step S254, the variable n is
incremented, before the processing returns to step S2009.
10 As a result of the above processing, new user-
defined cell information is generated from the cell
information in row j and column k. After this, another
cell is set into the fdcus state and another set of
user-defined cell information is generated from this
15 cell, so that a set of user-deflned PGC information is
gradually deflned one cell at a tlme. |
It should be noted here that if the reproduction
based on the cell information in row j and column k in
the loop process shown as step S256 to step S257 ends
20 without a marking operation having been made, the
processing will return to step S254.
When it is determined that the end key has been
pressed, the judgement "Yes" is given in step S206 in

Fig. 80B and the processing advances to step S213. 1In

25 step 5213, a menu is displayed to have the user indicate
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The followng is a description of the operation 10 when defining
user-defined PGC information froma plurality of sets of original PGC

i nformati on e displayed in the interactive screen i Flg. 85.
Figs. 86A axgngéﬁﬁéhOM/the rel ati onship between the user ogggz?ﬁ%%giﬁade
via the renote controller 71 and 15 t he di splay processing that
acconpani es the various user operations. Fig. 87A through Fig. 90 al so

il lustrate exanples of such operations, and are referred to in the
foll owi ng expl anati on of these operations. As shown in Fig. 85, once the
cel | #1 which | ¥hegheg a neg Ussrddedimed PAGS Deen ksetdé finde. f dliusn
state, the user presses the enter key, as shown in Fig. 86B. As a result,
t he judgenent " g@" usergwisheisn ter sle 32765 aamew hsgr-oitabivied) REGcamds t o
the fl owchart in,Fi%. 82.. In steps S251 to S266 of the flowchart in Fig.
82, the 25  fPrIEScEM PAigARdCroRfcRUChH 1A mher SAlkd -the | TRl A0 267

#1 is generatedibased on the Cri%%QaIPGC#l.CELL#l_shpmp in Fig. 86A. Once
this generation*ts 1BGRFIENL ey & DRy Mamdiable ins jisdnditemldered andptispsa,

and the prqcessi [ ns_to st 203 via step S209 with the 5 val ue of
the vari abl%g n E?gpﬁgg%fgnptrﬁlc < a%ﬂ Stehe AR ¢ he down key
once, as shown in Fig. 87B, and the right key twice, as shown in Figs. 87C

and 87D. In step S204, the flags that corresponds to the keys
(4-2-7-2) Specific Example of the

Definition User~- i C . Infor ion
The following is a description of the operation
10 when defining user-defined PGC information from a
plurality of sets of original PGC information that are
displayed in the interactive screen image of Fig. 85.
Figs. 86A and 86B show the relationship between the
user operations made via the remote controller 71 and
15  the display processing that accompanies the various user
operations. Fig. 87A through Fig. 90 also:illustrate
examples of such operations, and are referred to in the
following explanation of these operations.
As shown in Fig. 85, once the cell #1 which is in
20 row 1 and column 1 has been set in the focus state, the
user presses the enter key, as shown in Fig. 86B. As a
result, the judgement "Yes" is given in step S205 and
the processing proceeds to the flowchart in Fig. 82. 1In
steps S251 to S266 of the flowchart in Fig. 82, the

25 first cell information CELL #1A in the user-defined PGC
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t hat have been pressed are set at "1". 10 As a result of the first
press of the down key: k=1(=1+1*0-1*0) j=2 (=1+1*1-1*0) As a result of the
first press of the right key: k=2(=1+1*1-1*0) 15

j =2(=2+1*Owo'0N478% a result of the second press of the ri BEFIRIBH4173
k=3(=2+1*1-1*0) j=2(2+1*0-1*0) 20 As shown in Fig. 87A, the cell #7
| ocated in row 2 and colum 3 is set in the focus state. Once the cell in
row 2 and colum 3 has been set in the focus state, the user presses the
enter key, as shown in Fig. 88B, so that the judgenent "Yes" is given 25

0 step 5205 agd LieoRrAcershnBaaduaBaCnbO 01038 pack1OMERINY Ishokhd

82. The cell Ich is the sec set O I nformati on

in UserDefi nedE@C#ig Is6hhe0na@neh%e§e9@%s@1% &Qec%p%&al P@E%Z CELL#7
| ocated in row 2 and col um t he original PGC information table

(see Fig. 88A) wvariabléf hefist ﬁﬁcieﬁ@ﬁ@eaetmofstféﬁl ls2i5af, opraAt itee has been
generated, the above processing is repeated. The user presses the enter key

as shown in Fi grogeBsiag trbatrhketoekitepnbaodatian s#&bAS20® wiehcelhle
i nformati on #3A are
5 value of the variable n at "2". 1In this example, the-
user presses the down key once, as shown in Fig. 87B,
and the right key twice, as shown in Figs. 87C and B87D.
In step S204, the flags that corresponds to the keys
that have been pressed are set at "1".
10 As a result of the first press of the down key:
k=1 (=1+1*0~-1*0)
§=2 (=1+1*1-1*0)
As a reSult of the first press of the right key:
k=2 (=1+1*1-1*0)
15 —2( 2+1*0-1*0) _
a As a result of the second press of the rlght key
k=3 (=2+1*1-1*0)

j=2(2+1*0-1*0)

20 As shown in Fig. 87A, the cell #7 located in row 2
and column 3 is set in the focus state.
Once the cell in row 2 and column 3 has been set in
the focus state, the user presses the enter key, as
shown in Fig. 88B, so that the judgement "Yes" is given

25 in step S205 and the processing advances to the
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10 respectively generated as the third and fourth sets of cel

I nformation in UserDefinedPGC#1l. The processing returns to step S203 and,
in the present exanple, the user then presses the end key. As a result, the
End_Fl ag coM™ e9§§67ﬁai ng to the end key is 15 set at "1", PAAHPIYMI?3
processi ng advances to step S213. Since the end key has been pressed, the
editing nulti- stage control unit 26 regards the definition of the
user-defined PGC information #1 as conplete. In step S213, the user is
asked to indicate whether he/she 20 wi shes to define another set of

user - def i ned PGEléwéharttinnF{ghespser THef caed PEEornhernat Bon,#2hildhat
follows this defined user-defined PGC information #1. If the user w shes to
do so, the varib®lehen secomdrseenofdcelheinformhteon fia initialized, and

t he 25 processin roceeds to step S209. 259 By repeating the above
processi ng, the'$REPeHEReARCHHL | hsotheni gang2atad bhsedsen- tiaki ned PGC

I nformati on #3 $re defined. As shown in Fig. 91, this user-defined PGC
i nformati on #2 PELEHRPbsBECHE - CRRL#ZobBocated #mBrow 2 esdl cs#loBn andfcel

#5B, and the usgr-defined nformation #3 is_conposed of cell #3C cel
#6C, cel | §8C '@H% %5&91§@i§%¢$g?n§?r§ﬁ5%§ntﬁébéenﬁéﬁﬁsFéG-tHQAMSer:defined

PGC i nformati on t abl the.oriqginal ,  PGC information table
After the é%cond set of cell information has been

generated, the above processing is repeated. The user
presses the enter key as shown in Fig. 89B, so that the
cell information #11A and the cell information #3A are

10 respectively generated as the third and fourth sets of
cell information in UserDefined PGC#1.

The processing returns to step 5203 and, in the

present example, the user then presses the end key. As
a result, the End_Flag corresponding to the end key is

15 set at "1", and the processing advances to step S213.
Sincé the end key has been pressed, the editing multi-
stage control unit 26 regards the definition of the
user-defined PGC information #1 as complete. 1In step
S213, the user is asked to indicate whether he/she

20 wishes to define another set of user-defined PGC
information (the user-defined PGC information #2) that
follows this defined user-defined PGC information #1.
If the user wishes to do so, the variable m is
incremented, the variable n is initialized, and the

25 processing proceeds to step S209.
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10 and the title search pointers at the end of the virtual edit process.
If the user presses the end key at this point, the interactive screen shown
in Fig. 90 will be displayed in step S215 in Fig. 81, and the editing

mul ti - st aggobguazsEontrol unit 26 waits for the user to seP@EPIYOUE: of
user-defined PGC i nformati on using the up and down keys. Here, the user can
sel ect a preview by pressing the play key , and can select a real edit by
pressing the real edit key, with the user-defined PGC information table 20
not being recorded yet. If the user gives indication for an operation that

records a user-defined PCC,_ .the user-defined | SR ddpt

i ncl udes the new udYr FEREARIRPEES, AR5 é% %;n %ﬁ]f‘%ﬁ#&t lon table
work area 21 i 5, tra ferr anéliﬁfa@ﬁgtgéﬁa 24,
260 wher e |€G$ ﬂf ?%t%g %e par?Fﬂ$y¥ managenent file

written in thg@@@% fﬂﬁg&”t a%ﬂ@hﬁwﬁklﬁ”? 2491haEhE§rﬁ§é£06651hédt he

user - defi ned ornmation t { the sane tine, file system

commands are i é f@rﬁQ@ioﬁ pths sempebeoObit eeliof2Bheced §4Benerat ed
user-defined P ornatlon is added to the title search pointers that are

al r eady prsesen&eln #h@BRTmrraéwe#BBt fhdetheanséerdefiihedt RECRTRW
managenent file
information #3 is composed of cell #3C, cell #6C, cell
#8C, and cell #SC.

Fig. 91 shows the contents of the user-defined PGC

information table, the original PGC information table
10 and the title search pointers at the end of the virtual
edit process.

If the user presses the end key aﬁ this point, the
interactive screen shown in Fig. 90 will be displayed in
step 8215 in Fig. 81, and the editing multi-stage

15 control unit 26 walts for the user to select a set of
user—-defined PGC information u31ng the up and down keys.
Here, the user can select a preview by pressing the play
key , and can select a real edit by pressing the real
edit key, with the user-defined PGC information table

20 not being recorded yet.

If the user gives indication for an operation that
records a user-defined PGC, the user-defined PGC
information table that includes the new user-defined PGC
generated in the PGC information table work area 21 is

25 transferred to the RTRW management file work area 24,
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10 work area 24. Fig. 83 is a flowhart show ng the processing during a
preview or a real edit.. The following is a description of the processing
when perforning a preview of a VOB |inking operation, with reference to
this 15 fwowemdmsT in Fig. 83. Figs. 92A-92B and 93A- 93C BRBHPISH4LT3

rel ati onshi p between operations nmade using the renote controller 71 and the

di spl ay processing that acconpani es these operations. 20 In step
S220 of the flowhart of Fig. 83, the first nunber in the user-defined PGC
information table is substituted into the variable j, and step S221, a key

operation is awghbgd. j ¥heg &Pfteéﬁrlﬂelseéh@ Essetoe%r %hb%mawnnéh%@e%%%% the

flag corresponding the key 25 pressed e user is set at "1".7 261

In step S223, ifiie wyﬂeeénwmgtbﬁé hhﬁwphaﬁaﬁbﬁentW&hqa %oRWS awagt har the
pl ay key has been pressed, is "1", and in stép S224, it is judged whet her

t he Real Edit Fl aghamhcsbrebpmﬁdshebhehet isercakredetl ey haFormathesn
pressed, is "1". Wen both these flags are "0", the processing proceeds to

step S225 wheretébketol |l owi ng calculation is performed using the val ues of
the Up_Flag and DownFl'ag that respectively show whether the up and down
keys have Been pressit.tiithesamsutime pffibe ssystem commands are issued
so that a title search pointer for the newly generated
user-defined PGC information is added to the title
search pointers that are already present in the RTRW
‘management file transferred to the RTRW management file

10 work area 24.

Fig. 83 is a flowchart showing the processing
during a preview or a real edit. The following is a
description of the processing when performing a preview

~of a VOB linking operation, with reference to this

15 flowchart in Fig. 83.

Figs. 92A-92B and 93A-93C show the relationship
between operations made using the remote controller 71
and the display processing that accompanies these
operations.

20 In step S220 of the flowchart of Fig. 83, the first
number in the user-defined PGC information table is
substituted into the variable j, and step S221, a key
operation is awaited. When the user makes a key
operation, in step S222 the flag corresponding the key

25 pressed by'the user is set at "1".

261



10 calculation is substituted into the variable j.

j[err]j+1*(Down_Fl ag)-1*(Up_Fl ag) Wen the user has pressed the up key, the
Up_ Flag 15 wll be set at "1", neaning that the variable j is

decrenent ed. . ﬁB@ ersely, the user has pressed the down KRGTARSBBAIFHWNF| ag
will be selosP ', meaning that the variable j is increnmented. Once the
vari able j has been updated in this way, in step S226 the i nage on the 20
di splay corresponding to the PGC informati on positioned on row | is set in

the focus state. In step S227, all of the flags corresponding to keys on
the renote controller 71 are cleared, to, zero. and the p espLNgrig&Urns to
step S221 where anoimeSt@RySZhdr att obf i dudged éb@ﬁ?%ﬁ.{ﬂghﬁgé oce%ging in
steps S221 to S227 is, 262 repeated, w.th e C t at-@s¥Rw, Ndst o a

different set Uh1PGC5P9W8rW§FFgEri%ﬁgcgg% a%% Pl tReh! B

W th user “operations of the
up and down keys ,on _the.renot t,rol:l.er; .72 d hdcttr phesses the play
key, during theiab098g51n g$8§e§g?#g ﬁg 6giﬁ8dbgbeated, with one of the
sets of PGC intornmati.ond,n the faeusstal GhdtiRPleie Mead ieslitetkegt Hap',

t he judgenent E§€g%dﬁ%—§?%gﬁ %R#%?é% 223, and the processing proceeds to
S228. In step i{%@l lp&l;gs%ﬁtiigg oA t i el DR tRisalfliag2b anest'fQlot's t he
uc

title 10 rep ron cofdtrol unit 23 to reproduce the VOBs in accordance
Wth the PGC’(§ﬂé(Hréég%é¥ﬁa”§¥ﬂaégﬁéF%aﬁstep 5225 where the following
calculation is performed using the values of the Up_Flag
and Down Flag that respectively show whether the up and
down keys have been pressed. The results of this

10 calculation is substituted into the variable J.
je=j+1* (Down_Flag)-1* (Up_Flag)

When the user has pressed the up key, the Up_Flag

15 will be set at "1", meaning that the yﬁr?able j.is B
decremented.- Convérsely, the user-ﬁé;.p£e$sed ;he down
key, the Down_Flag will be set at "1", meaning that the
variable j is incremented. Once the variable j has been
updated in this way, in step §226 the image on the

20 display corresponding to the PGC information positioned
on row j is set in the focus state. In step S227, all
of the flags corresponding to keys on the remote
controller 71 are cleared to zero and the processing

returns to step 5221 where another key operation is

25 awaited. This processing in steps 5221 to S227 is
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t hat has been indicated by the user. Wen the PGC indicated by the user is
a user- defined PGC, the cells included in the user-defined PGC 15 wi ||

i ndi cate sections out of the plurality of section in one or nore VOBs in a
user - def i negy@ssiars? Si nce such reproduction will not sati sfRCHEEAMTessary
conditions for seam ess reproduction that were described in the first and
second enbodi nents, so that inmge display and 20 output will be stopped
at the boundary of a cell during reproduction before advancing to the next
cell. Since the necessary conditions for seam ess reproduction of cells are

not satisfied, il tg%(t): id?ﬁ%@%&xgtﬁﬂea‘f@dﬁsdis%qt%y dinded o i tideght set

However, the obje operation Is only to give the user a

preview of the 263 pgc linHorR@ti i e dindaiith Afs&E wssrationhadt
this object is still achieved regardl ess of such interruptions. 5

(4-2-7-3) Procesgtienghd @ndd diey ik Pford thd trienttag ecdutt o st 21 . a Real
Edit The operation for the linking of VOBs in a real edit is described

bel ow. Figs. 94A to 94Cthboustheprekakisontki plhgt Wwegn awering) theopdrate ons
of the renote controller 71 and the display processing that acconpany these
key operati®ns. phteasssmories sesi ndheregedead asvistiovene noFi ghe 9a8L $ oChave
PGC information in the focus state, the Play Flag is set
at "1", the judgement "Yes" is given in step S223, and
the processing proceeds to S228. 1In step S228, the
editing multi-stage control unit 26 instructs the title
10 reproduction control unit 23 to reproduce the VOBs in
accordance with the PGC, out of the user-defined PGCs,
that has been indicated by the user.
When the PGC indicated by the user ié a user-
defined PGC, the cells included in the user-defined PGC
15  will indicate sections out of the plurality of section
in one or moré VOBs in a usér—defined order. Since suéh
reproduction will not satisfy the necessary conditions
for seamless reproduction that were described in the
first and second embodiments, so that image display and
20 output will be stopped at the boundary of a cell during
reproduction before advancing to the next cell. Since
the necessary conditions for seamless reproduction of
cells are not satisfied, image display and audio display

will be interrupted. However, the object of this

25 operation is only to give the user a preview of the
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-cell #1A-set into the focus state, and this is reflected in the display
screen di spl'ayed on the TV nonitor 72 as 15 showmn in Fig. 94A. If the
user then presses the real edit key, as shown in Fig. 94C, the judgenent
"Yes" is npgoohiysst€p S224 in Fig. 83, and the processi ngPEFEBAEY S8 to
step S16 in the flowmhart of Fig. 43 described in the third enbodinment is
perfornmed. 20 After conpleting this processing in the third

enbodi ment, the processing advances to step S237 in Fig. 84. After the
variable n is set at "1" in step S237, a search is perfornmed for the

Ori gi nal PGCH#j . CELL#k whi ch d | t this

User Def i ned_P Lﬁﬁ%tz?olis% @g]%etyﬁ %%%8259?9 tlh:[a i s judged
whet her this 264 Ori gi P 1S qd td¥ SsifaH gi nal _PGCH| is
deleted in st ep , sq %%o%&eg}egﬁc% | gd&egﬁ‘sordr?ed for the

User Def i ned_PGG#g gfg:?p t¥shgenerated fromthis Oiginal PGC# in step S240.
5 In stép It 1's determ ned whether there is at |east one such
User Defi nedPGC#q, and if so, all such UserDefi nedPGCHq are deleted in step
S243. In step S244, it is Judged mhether the value of variable n matches
the | ast ngnberqpof : 5K < o : X , the processing

The operation for the linking of VOBS in a real

edit is described below.
Figs. 94A to 94C show the relationship between user

10 operations of the remote controller 71 and the display
processing that accompany these key operations. The
user presses the up key as shown in Fig. 94B to have
cell #1A set into the focus stéte, and this is reflected
in the display screen displayed on the TV monitor 72 as

15 shown in Flg. 94A. If the user then presses the real
edit key, as shown in Fig. 94C, the judgement "Yes" is
made in step S224 in Fig. 83, and the processing from
step S8 to step S16 in the flowchart of Fig. 43
described in the third embodiment is performed.

20 After completing this processing in the third
embodiment, the processing advances to step S237 in Fig.
84. After the variable n is set at "1" in step 5237, a
search is performed for the Original PGC#J.CELL#k which
was used when generating the UserDefined PGC#m.CELL#n in

25 step S238 and in step S239 it is judged whether this
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processing returns to step S238. The | oop process in step S238 to step S245
IS repeated until the variable n 15 reaches the | ast nunber of the cel
information in the PGC i nformation #q. The sections indicated by the
user - def i negoRoR47snf ormation #1 are all of VOBs #1,.#2, an&CHIPISO4IBhat
these are all subjected to the real edit. The sets of 20 original PGC

I nformation that were used to generate the cell information included in
user-defined PGC information #1 indicate VOBs that are subjected to the
real edit, so that all of these sets of original PGC information are

del eted. The sejs. of eb~dali 2 ha AL abdgPmd hese
sets of PGC infé?ﬁéﬁpg;—ggggg eggggg?nd?géfg'v 2§{E§?gg}§g§ubjeé?ed to the

real edit, so tﬁ@&eﬁ%h 9h %Qg gggqbg g&dqge&mggf%n@¢diaﬁiﬂg(ﬁéﬁﬁdﬁm5¢ue

al so del eted. The judgenen IS made i n step S244, so that 5 t he

processing advargesthe $k8RDE24Pe@BEC U Wi fJearshaAEA Niardrerthis
obt ai ned by deleting the sets of ofiginal PGC information, the | owest

nunber is obtai pedganallhece@®s nuwkeegte24Next, in step S247, the cell
information is updated Using the AV file ID assigned to 10 the AV file

and the VOB | D afterthhetdERSE42pmiands dederminkep wi2tBetrhdhe®e s of
the UserDefined PGCHQ is updated to the PGC nunber #e. In the title search
least one such UserDefined PGC#q, and if so, all such
UserDefined PGC#q are deleted in step S5243. In step
S244, it is judged whether the value of variable n.
matches the last number of the cell information, and if
10 not, the processing advances to step S245 where the
variable n is incremented to indicate the next set of
cell information in the PGC information #g before the
processing returns to step S238. The loop process in
step S238 to step S245 is repeated until the variable n
15 reaches the last number of the cell information in the
PGC information #q.

' The sections indicated by the user-defined PGC
information #1 are all of VOBs #1, #2, and #3, so that
these are all subjected to the real edit. The sets of

20 original PGC information that were used to generate the
cell information included in user-defined PGC
information #1 indicate VOBs that are subjected to the
real edit, so that all of these sets of original PGC

" information are deleted. The sets of user—defined PGC

25 that were generated from these sets of PGC information
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poi nters, neanwhile, the type information is updated to the original type.
15 Fig. 95 shows exanples of the PGC infornmation table and the title
search pointers after the deletion of sets of original PGC information and
user - def i nge oB4F7s? Nf or mati on that accompani es a real edi tPCHRFBMITHhe VOBs
#1, #2, and #3 indicated by the 20 sections in user-defined PGC

I nformation #1 are subjected to the real edit, the original PGC information
#1, the original PGC information #2, the original PGC information #3, the
user - defi ned PGC infornation #2 and t he user-defined PGC information #3

will already h ve 25 v, e %Fg FO4eEdiye | he
user- 266 e% for mat "on #?1 %asgi%g efrned as the original
PGC i nformati g Onep, t t?@% éna(% %@sd%@pp@@ed in the PGC

i nformation té%fﬁﬁ%ork aré§?2 g%sc [ fEFE ove t he new original PCC

|nfornat|on|:sﬁfggmggggﬁngé)gfnggg@gg@@agenent file work area 24 where

It is used to overwite the RW nmanagenent file presently stored in the

RTRW nmanagenent fi kg okig gdind t24'Ye%t" tike niee ild sted B2414,t Is» d8mAtch
pointer for this newy generated 10 original PCGC information is

transferrgd totﬁ@epfaiyggﬁm@g@mfamcésIﬁoWQtépa$2@624amﬁer@uttOfsthSed to
overwite the title search pointers already present in
freed PGC numbers obtained by deleting the sets of
original PGC information, the lowest number is obtained
as the PGC number #e. Next, in step S247, the cell
information is updated using the AV file ID assigned to

10 the AV file and the VOB ID after the MERGE command, and
in step S248 the PGC number of the UserDefined PGC#q is
updated to the PGC number #e. In the title search
pointers, meanﬁhile, the type information is updated'to
the original type.

15 Fig. 95 shows examples of the PGC information table
an& the title search pointers after the deletion of sets
of original PGC information and user-defined PGC
information that accompanies a real edit.

Since the VOBs #1, #2, and #3 indicated by the

20 sections in user-defined PGC information #1 are
subjected to the real edit, the original PGC information
#1, the original PGC information #2, the original PGC
information #3, the user-defined PGC information #2, and
the user-defined PGC information #3 will already have

25 been deleted. Conversely, what was formerly the user-
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t he RTRW managenent file. Once the user-defined PGC information table and
15 title search pointers have been witten, file system commands are

i ssued so that the RTRW nanagenent file stored in the RTRW nanagenent file
work area 2OP¥M4PTtten into the RTRWdirectory. Wth thisP T’é%’gﬁfm’

enbodi nent, the sections to be 20 used as materials for a real edit are

I ndi cated by user- defined cell information, with these being freely
arranged to provisionally decide the reproduction route. \Wen the user

wi shes to set a reproduction route of the editing materials, this can be
achi eved wi t houde2Ened heGC ngnformetponagi! apr pdescdarYoBd ae thet the
editing 267 of video materials can be perforned in a short tinme using a
si npl e net hod. dhigindboPG@ahsfohmatibar#lis no need to use nore of the
storage capacity of the DVD-RAMto store a tenporarily produced VOB. 5

| f the provisional Qe mhetBEh ifeomisidn kandgoeen Wpdacédevedthyg nerel y
defining a set of user-defined PGC information, the user can produce many
vari ations of t¥eCripfeunation table wark sheat 24 ms. dEseribed ebove,
user-defined cell information are indicated using time 10 information for
sections i R VOBS?® sReY na¥igheal nBfCat BovmRE ioaniBe tranatarned te the state

i n which the al ready recorded.
y W@fﬁh managgment fgle work area 24 where it is ‘used to

overwrite the RTRW management file presently stored in
the RTRW management file work area 24. At the same
time, the title search pointer for this newly generated
10 ~original PGC information is transferred to the RTRW
management file work area 24 where it is used to
overwrite the title search pointers already present in
the RTRW management file.
Once the user-defined PGC information table and
15 title search pointers have been written, file system
commands éie issﬁed so-thaéyzhélﬁfRﬁ.ﬁanééeQQRE'file
stored in the RTRW management file work érea 24 is
written into the RTRW directory.
With this present embodiment, the sections to be
20 used as materials for a real edit are indicated by user-
defined cell information, with these being freely
arranged to provisionally decide the reproduction route.
When the user wishes to set a reproduction route of
the editing materials, this can be achieved without

25 having to temporarily produce a VOB, so that the editing
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The user can generate a plurality of sets of user- defined PGC information

for different

routes to find the nost suitable of these reproduction routes.

reproduction 15 routes and then view previews of these

can then i w@wasmra real edit for his/her preferred reproBGEIEBAHuL e,

so process the VOBs in accordance with the sel ected user-defined PGC 20

i nformati on.

that directly rewites the VOBs that are already stored on an opti cal

The user

and

This neans that the user can performa bold editing process

di sc.

While the original VOBs will be effectively deleted fromthe disc, the user

's able to Ver'%ﬁglaﬁ? %g%}12£%tgéﬁ B! é?fﬁ?medgi Qgshgftr€§heedit

i ndi cati on,

par [ cu pro or the present

nvention. Oncg.pyteal sgfbiehas-hean PeRLgr a2do hBRnbi thas! ¥RerEniohaot i t1 ¢

search pointer o he u

PGC'imn

| om ng video editing operations. As described

above, a singl govifgpedat fegbbhnglgppabatidedt iok.uses only one optical
di sc can perform advanced video editing whereby a user can sel ect one out

10 of aspluralityrpftie eetyvidinsedl pdsteantnina i cangtnecese otinkengour ce

material. As a result,

| ar ge nunber otan be achieved by merely defining a set of user-defined

10

20

25

15

PGC information, the user can produce many variations of
the reproduction route in a short time. The sets of
user—-defined cell information are indicated using time
information for sections in VOBs, so that the indicated
VOBs can bé maintained in the state in which they were
already recorded. .

The user can generate a plurality of sets of user-
defined PGC information for different reproduction
routes and then view prev1ews of these routes to find
the most sultable of these reproductlon routes. The
user can then indicate.a real edit for his/her preferred
reproduction route, and so process the VOBs in
accordance with the selected user-defined PGC
information. This means that the user can perform a
bold editing process that directly rewrites the VOBs
that are already stored on an optical disc. While the
original VOBs will be effectively deleted from the disc,
the user is able to verify the result of this before

giving the real edit indication, making this not a
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by using the present video data editing apparatus,

ornmati on used for the real edit

will be set tonée? Oﬁsg'ﬂ@tetMPetﬁgfst8£95835598c1t§oofhﬁhetDVB -RAM be
used as the base for fol

a
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vi deo enthusiasts will be able to perform advanced editing operations that
wer e consi dered out of the reach 15 of conventional donestic video

equi pnent. It should be noted here that the time information may be téken
fromthe maWR9&ts in the cell information and managed WPERIPHO8 Aat i on
such as address taken fromthe tinme map table in the formof a table. 20

By doing so, this information can be presented to the user as potenti al
selections in a screen showing the pre-editing state. Reduced i mages (known
as "thunbnails") may al so be generated for each nmark point and stored as

separate 25 fpdesicwldh pedpien £6f0tRat hp8sahs0iRebAgiphoduced for 269
each thunbnail. Wen displaying the cell information at the pre-editing

stage, these thunbna@nce maydal EdR aEs Baers v tdened) ettié atisbéetypeons
that can be nmade by the user. 5 The processing of conponents such as
the title reproimcthent Lol retanoht p@Bnteeeofi ghe78peandefhaedr ®6E€ssi ng of
the editing multi-stage control unit 26 (Figs. 81 to 84) that was described
in this fourth bthboonaehen ussed fopwehearreataadbt wihilebedsky &omachi ne 10
| anguage program  Such nachine |anguage program may be distributed and
sol d havi n§ beemP¥EEbrYbdtvRe aPFEconiprgatbanlim sexshptethds sashbeacor di ng
medium are an I C ]

used as the base for following video editing operations.

'As described above, a single video data editing
apparatus that uses only one optical disc can perform
advanced video editing whereby a user can select one out

10 of a plurality of freely chosen potential arrangements
of the source material. As a result, by using the
present video data editing apparatus, a large number of
video enthusiasts will be able to perform advanced
‘editing operations that were considered out -of the reach

15 ~ of conventional domestic video equipment.

It should be noted here thathfhe-time ihformation

- may be taken from the mark points in the cell
information and managed with information such as address
taken from the time map table in the form of a table.

20 By doing so, this information can be presented to the
user as potential selections in a screen showing the
pre-editing state.

Reduced images (known as "thumbnails") may also be

generated for each mark point and stored as separate

25 files, with pointer information also being produced for
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card, an optical disc, or a floppy disc. The machi ne | anguage program
recorded on the recording nmedium nmay 15 then be installed into a standard
personal conputer. By executing the installed nachine |anguage prograns,

t he st andaw@9%@4’§bnal conputer can achi eve the functions FﬁQWGTHeo dat a
editing apparatus of this fourth enbodi nent. 20 As a final note
regardi ng the rel ationship between VOBs and original PGC information, it is
preferable for one set of original PGC infornmation to be provided for each
VOB. Al though the present invention has been fully 25 descri bed by way of

exanpl es W th &R eRERoRi L0 Wheﬁcaﬂgp;ﬁayiﬁg #hane898, ihtokfiat oheafot ed
that various changes and nodifications will be apparent to those skilled in

the art. Therefipé epreb@scingchtshanoeresadtRagbhacdti nag vepaisplagent he
scope of the present 5 i nvention, they should be construed as being

i ncl uded t her eto. showlushei pbténteidl oselpptionsi bhatheani deomdaeabgdtheng
apparatus, optical disc, and recording nmediumstoring an editing program of
the present- i eeation enable the editing of video i mages that are stored on
an optical disc to be perfornmed easily and in a short tinme. This is highly
sui tabl e Por donestThe nrpeessifipmdhtcomponents such as the title -

reproduction control unit 23 (see Fig. 78) and the
processing of the editing multi-stage control unit 26
(Figs. 81 to 84) that was described in this fourth
embodiment using flowcharts can be achieved by a machine

10 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-
cafd,_an optical disc, or a floppy disc. The machine
language program recorded on the recording medium may -

15 then be installed into a standard personal computer. By
executing the instailed maéhiné‘laﬂéﬁégé.progréms, the
standard personal computer can échieve the functions of
the video data editing apparatus of this fourth
embodiment.

20 As a final note regarding the relationship between
VOBs and original PGC information, it is preferable for
one set of original PGC information to be provided for
each VOB.

Although the present invention has been fully

25 described by way of examples with reference to
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and creates a new market for donestic video editing apparatuses. 271
CLAIMS 1 1. Avideo data editing apparatus that perforns editing to 2
enabl e sea 8§El7?production of at least two video objects_3 t hat are
recorded on"an optical disc, each video object 4 i ncl udPRYEP8 Pal ity
of video object units, and each video 5 object unit including sets of

pi cture data, 6 the video data editing apparatus conprising: 7
readi ng nmeans for reading at |east one of a fornmer 8 vi deo object unit
sequence and a latter video object unit 9 sequence from a vi deo object
recorded on t he@pMRAnY e cdrdwingst het f b nes Bedaetelj eBhtURhisagUENCE
bei ng conposed of a 11 predet er m ned nunber of video object units

posi tioned at tFanges angmedificathens viriled 06j eppakenbetbepnodaced
first, and the %3, | atter video object unit sequence being conposed of a
14 predet er i SfinbertRe a¥deo Brgreforei tenpesst snokdchtnges5and
start of a latter,video object to be reproduced second; 16 encodi ng
means for re-eﬁﬁﬂﬁ#ﬁfﬁ?&?éﬁHQPEﬁrEﬂ%ﬁQWf#@%I%CQPe ofi bheupedsentat | east
one of thegforngr, video object unit 18 sequence and the latter video

obj ect uni t sequence 18 endtte $uld ihbp sonserueddes beiegt innluded | atter
vi deo obj ect t‘%ﬁ&%é%ﬁ repr oduced seanl essly; and 21 writing
means for rewiting at” | east one of the former 22 vi deo object and the

| atter object on the optical disc after

In ial Field i i

The video data editing apparatus, optical disc, and
recording medium storing an editing program of the present
invention enable the editing of video iméges that are stored
on an optical disc to be performed easily and in a short

time. This is highly suitable for domestic video equipment,

and creates a new market for domestic video editing

apparatuses.
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23 encodi ng by the encoding neans. 1 2. The video data editing
apparatus of Claim1, 272 2 wherei n the encodi ng neans
re-encodes at |east one of 3 the sets—ef—picture data included in the
forner vi dwo 9B#BTt 4 uni t -seguence andnbmas of pi RETIRSAHTS

included in the 5 | atter vi ' ‘\“ guence using a target
anount of 6 code, 7 m

of code bei ng an anount

whereby no 8 overflow will oteurcin a'video buffer of a video decoder, 9
even when the sets of picture data included in the former 10 vi deo

obj ect unit sequencega@® present in the video buffer 11 at a sane tine
as the sets of picture data included in the 12 | atter video object unit
sequence. 11l 13.A THedevi deta datitied appgrapparchbiispetféims radtidg to
wherein the plurality of sets of picture data are 3 stored in a
plurality2of wnRdepscrplesacteprofustponiobamdeast twasvigaed okderkdut tine
stanp showi ng an input tine for input 5, into the videp buffer, and one
of the video pHa aFsi R§cerded Qisiagn @Rt ECHe BFE t PREN SY d%Fhg at what

time the gne of . 7 .. th f..pi_Ctur at o] e K r Qe e
video 8 2 buf’fne"rl,“"si]rltg § SRR e,lor ¥Edod Ay R ﬁlg‘g%% AR Fach 9Tud
conprising 10 gpject un2BalyZi i dPanest OF galirealihg, an anount of data
that 11 will be stored in the video buffer for each of the plurality 12

of video Branmes inthe hakbyzettdiednheipperatast comprisimyg:

7 -+ reading means for reading at least one of a former -

8 video object unit sequence and a latter video object uﬁit-

9 sequence from a video object recorded on the optical disc,
10 the former video object unit sequence being composed of a

11 predeterminéd number of video object units positioned at the
12 end of a former video 6bject to be reproduced first, and the
i3 latter video object unit sequence being composed of a

14 predetermined number of video object units positioned at a
15 start of a latter video object to be ;gproduced second;.

16 | encoding meané for re—encodiné tﬂe sets of picture data
17 included in at least one of the former video object unit

18 sequence and the latter video object unit sequence to enable
19 the former video object and the latter video object to be

20 reproduced seamlessly; and
21 writing means for rewriting at least one of the former
22 video object and the latter object on the optical disc after

23 encoding by the encoding means.

1 2. The video data editing apparatus of Claim 1,
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13 time in a final video pack in the former video object unit 14
sequence to a final decode tine of a.set..of pi-cture data in 273 15
the former y ject unit sequence that should be decoded 16 | ast, 17

. 4 . PCT, 1

t he anal yzi ng nreans cal cul ati ng a by 18 GTEPEy M 71”9 to
the input tinme stanps and decodemmﬁ"m"mﬁmwm‘ assigned to each video
pack in the former video object udit€¢20" séquénce and the latter video
obj ect unit sequence and 21 totaling a data size of each video pack
corresponding to the 22  anal yzed period, and 23 t he anal yzi ng
means cal cuf ating t hEReEeHettheneneoddng means cedenbades at tdwstcaneubst ed
anount of q§ta f%% %a%h v%deo 25 frape and a buffer capacity of the
video buffet, 2& SLS O R GRurendalpninekided da sheofprremtvidess pbbeet of

t he 27 sgets : R ta dncluded at_an end of the, forner video 28
obj ect uni tgseq%ﬁgeggﬁ%&t‘ﬁ% agléft §%8f Sﬁ}qﬁt?ﬁ' PIFHIEe ARFagRrloyled ig; thegt art
of the latt®r vildeseebyegdo lHHjTec%GQH%C@edpgétz{& %giag 5“@#3%%%%;@;8% of

code. 1 4. The video data editing appa us o arm e
conprising:63 code, information generating neans for generating seanl ess
4 linking information that includes a tine stanp assigned to a 5 -
final pack {n the fofhertasgedo agbpstt ofintddes dpiangcen améure wherebgt 4GP

assi gned tq%a firstﬁﬁack jn the latter video object 7 unit sequence, and
a seanl ess Iag°§ﬁ5 -ﬂﬁ V&i;|99cur in a video buffer of a video decoder,
9

even when the sets of picture data included in the former

10 video object unit sequence are present in the video buffer
11 at a same time as the sets of picture data included in the
12 latter video object unit sequence.

1 3. The video data editing apparatus of Claim 2,

2 -wherein the plurality of sets of picture data are

3 stored in a plurality of video packs, each video pack being
4

aisigned.gn input time stamp showing an input time for input

5 into the video buffer, and one of the video packs being
6 assigned a decode time stamp showing at what time the one of
7 the sets of picture data should be taken from the wvideo

8 buffer,

9 the video data editing apparatus further comprising
10 analyzing means for calculating an amount of data that

11 will be stored in the video buffer for each of the plurality

12 of video frames in an analyzed period between a final input
13 time in a final video pack in the former video object unit
14 sequence to a final decode time of a set of picture data in
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8 reproduction is to be seam essly perfornmed for the fornmer 9 vi deo
obj ect unit sequence and the latter video object unit 274 10

sequence, 11 an i nput--tineat which a first pack in the latter
video 12 WOSBI4IST unit sequence.j S.i unt o a buf f FCHEFEMFbund 13
by adding a certain offset to\ﬂi‘!ﬂﬂﬂ&mumﬂmnl gned to the 14 first pack
in the latter video object uni't] ce, slb~* the witing neans
writing the generated seaml ess 16 |l i nking information onto the opti cal
disc. 1 5. The video data editing apparatus of aim4, 2

wherein ggch sede Horrleet Yi & 6l1A dtChHIE SsélpichdeN @hat SsFould e Becdesoded

for one video frane, 4 the information generating neans further
addi ng a1b hastsentation end time when reproduction of the sets of 6
picture data in the fornmer video object unit sequence ends 7 and a

present adifon start Ghemanahering megagc cabaukitinge thet gmeunt off dstetBYe data

in the latter video object unit sequence 9 starts to the se%n1ess

i nki ng ffif.or BETRFIRE0ES ENE Lnmiytd LIBF| SEARRST FoG SREPRY 1oAY
subtracti the L. re d t.fi r .\ deo | ect
unit 12 lggsqu%%ligenefdr gr% ?%geﬁ;a)‘%lé%e%n?%?%oﬁﬁen goﬁgenggfl’?#egfoc? r?e@r% \‘}?ggo 13
(2)bj ect uBpt segiigiifre hnd tRe 1H& et deRcdAbP&RH nie FopFémidianal C aim 2,

wherei n each video object unit includes a plurality of 3 sets
of pictupe datsotaidirgy pl dashidizeofofsenshovidenlipackatarresponding to the

22 analyzed period, and

23 the analyzing means calculating the target amount'of

24 code based on the calculated amount of data for each video

25 frame and a buffer capacity of the video buffer,

26 the re;encoding means re-encoding at least one of the

27 sets of picture data included at an end of the former video

28 object unit sequence and the sets of picture data included

29 at a start of the latter video object unit sequence using

30 the target amount of code. - . -
1 4. The video data editing apparatus of Claim 3, further

comprising:

information generating means for generating seamless
linking information that includes a time stamp assigned to a
final pack in the former video object unit sequence, a time
stamp assigned to a first pack in the latter video object
unit sequence, and a seamless flag showing whether

reproduction is to be seamlessly performed for the former

(o) oo ~J ()} (64} > w N

video object unit sequence and the latter video object unit

274

Bl



4 the video data editing apparatus further conprising: 275 5
separating neans for separating sets of picture data 6 and sets of audio
data fromt ) r video object unit 7. sequence and t vi deo
obj ect uni ta@equgnce read by 8 t he readi ng neans; "and QQ%TJ"%&O%{”

mul ti pl exi ng neans 10 formmmﬂ | pgwss | east one of the sets of
picture 11 data, which include o ,ﬂ[,m’t”mg ta and re-encoded 12

pi cture data, separated fromthe formér V¥ideo ODj«ect unit 13 sequence
with the sets of audio data read fromthe fornmer 14 °~ video object unit
sequence, &hd 1889uence,  for pyltiplexing the sets of picture data, which

16 I ncl.ude one of _pigcture.data_and re-encqded picture data, 17 .
separated]#Ton1the | 51 +EPRH &é@eoﬁﬁeg?l{hﬂq TiZgtieRaek w1 HFhfg latteRevidRy of

audi o dat epapgk f t er . vi . bject_unit _sequence, 20
the witi ?\lg}zsrrea%gsﬁﬁgii:tl?r%? ds%t%lgleg%tgp%?t%gﬁ%fet%hénﬁ be&ﬁ{# 5 fﬂeé%gn§° %ns
onto the @ icabydad€ingd a ceftalh€o¥E&0 14AkA oAkt kPEnFRRAIRNhEE 25 (h&i m 6,
2 wherein the plurality of sets of audio data’in the 3 f or mer

vi deo obj dct unifirstopacicenmmtiiet hettet teided dBgedt unDbjRGjuendel sequence
are reproduced for a plurality of audio 5 frames, 6 t he video
data editi¥y appar at tRe fWrittiao peapsiwiiting theagehgzitey meandetsr

specifyin eriod. between a first
P ytngga p ilnglng 1né%rmation onto the optical disc.

1 5. The video data editing apparatus of Claim 4,
2 wherein each set of picture data includes data that is
3 to be decoded for one video frame,
4 the information generating means further adding a
5 presentation end time when reproduction of the sets of
6 picture data in the former video object unit sequence ends
7 and a presentation start time when repreduction of the sets
8 of picture data in the latter video object unit sequence
9 starts to the seamless linkiné information, |
10 the certain offset being found by subtracting the
11 presentation start time of the latter wvideo object unit
12 sequence from the presentation end time of the former video
13 object unit sequence.
1 6. The video data editing apparatus of Claim 2,
2 wherein each video object unit includes a plurality of
3 sets of picture data and a plurality of sets of audio data,
4

the video data editing apparatus further comprising:
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8 audio frame and a second audio frane, out of the plurality 276 9

of audio franmes in the forner videeo—ebject—uni.t sequence, 10 for taking
a first audi o data sequence th r epr oduced during t he
speci fi ed WOMBE5Trom the for n&”’ﬂﬂmﬂm&ﬂm&}m ect unit BEHIRIBOHET3 and for
extracting a second audio data *3 ¢ se «that shoul d be reproduced
starting froma third 14 audio frane in the plurality of audio franes in
the latter 15 vi deo object unit sequence, 16 the first audio
frame being the second next audio frame 17 froman audi o frane that
correspon@s to a tisepaabtihgcheansl&or sbpasitiifledts bliepiatumy datdeo

obj ect unit sequence is 19 I nputted, 20 the second audi o frane
bei ng | océt ed amrertitst offy abdiordatzl fromabheuthwnen aridepnobircY owmkdr vi deo
obj ect unit sequence that 22 corresponds to a presentation start tinme of

reproduct ifon ofe@ence andj FRe laktes videpupkiemt Anit FREVERRT 23R B¥0

obj ect unigt 24 C 25, - the third audio frame being | ocated
innediatePy af 1% €§$a{%gf 8283%i%%rame in the latter video obj ect unit

sequence 37 t haty,AQh LeeRPRG Snddhs® Presentation end time of reproduction

28 of the second audio frame, and 29 the mul ti pl exi ng neans
mul tipl exiong the setfpromuptepleein) at 1data ol dhensekstofofydicruttat a so
that the first audio data 31 sequence is |located at a position before
t he secodd audiat®?2 whiclatnchedpiernse of picture data and re-encoded

12 picture data, separated from the former video ocbject unit

13 sequence with the sets of audio data read from the former

14 video object unit sequence, and

15 for multiplexing the sets of picture data, which

16 include one-of picture data and re-encoded picture data,

17 separated from the latter video object unit sequence with

18 the sets of audio data separated from the latter wvideo

19 object unit sequence,

20 the writing means writing data outputted by the-

21 multipiexing means 6nto the oﬁtiéél diéé. | -

1 7. The video data editing apparatus of Claim 6,

2 wherein the plurality of sets of audio data in the

3 former video object unit sequence and the latter wvideo

4 object unit sequence are reproduced for a plurality of audio

frames,
the video data editing apparatus further comprising

analyzing means for specifying a period between a first

W N o ;o

audio frame and a second audio frame, out of the plurality
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1 8. The video data editing apparatus of Claim?7, further 277 2
conprising: 3 gener ati ng neans for-specifying a presentation end

time 4 0 6&&34 cond audi o ecode processing halt tine 5
for an audi O decoder, and for ﬂﬂmmmﬂ M'Hontrol 6  RGHEPHUET3on t hat
alte .

I ndi cates a decode processing a period fromthe

presentation end tine of the second audio 8 frame to the presentation
start tinme of the third audio 9 frame as a halt period for a processing
halt by the_audio 10 .,  decoder, 11 the witing neans witing the

generated halt h@giosranes dmy thet formentoldeee objerctalnitt ssequence,9. The
vi deo data,gditi ratus_of Cdaim8§, 2 wherein a plurality of
sets of au (l?o data ?%%?ngh%u?!&‘sot audjo dapa o?ﬁf&’éd‘cﬁo#:hatpf}éﬁlhfq B2 of audio
frames frofthe fddra | ra t he second_audio frame are stored
as a first 5 atf(rji o“%%‘ékd‘g‘!r"%{ tfhg dBetfric WSO8 £FO% gré? YEE EfflaFﬂe

first packigroupbjectotinit seqierdd,cdgn HUJ:F&H:%:?'{% Ki i@@c%(rﬁ]cgsadgﬁ? daPa®

of stuffing 8 data .and a paddi ng packet is use make st ze of
9 the fi3st aediuenpackhat mipulsl de repLGRicdBlisitaptengf £2488.a kRira and 11
wherein the plurality of sets of audio data that should 12 be reproduced

for a plurdfity igudreme rimahes parnrphyty romaiio frhmes hin deimidiaatbrame

are stored, as a second, audj o pack
1?‘ v1&%o ob?ect unit sequence,

16 the first audio frame being the second next audio frame
17 from an audio frame that corresponds to a time at which a
18 first pack in the latter video object unit sequence is

19 inputted,

20 the second audio frame being located immediately before
21 an audio frame in the former video object unit sequence that
22 corresponds to a presentation start time of reproduction of
23 a first set of picture data in the latter video object unit
24 sequence,

25 the third audio frame being located immediately after
26 the audio frame in the latter video object unit sequence

27 that corresponds to a presentation end time of reproduction
28 of the second audio frame, and

29 : the multiplexing means multiplexing the sets of picture
30 data and the sets of audio data so that the first audio data
31 sequence is located at a position before the second audio

32 data sequence.

1 8. The video data editing apparatus of Claim 7, further
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14 group, with the multiplexing neans nul tipl exing sets of 278 15
picture data and sets of audio data so that the first audio 16 pack
group is located before the second audi6 pack group---1 10. The video

data editi WP RP#a7atus of Claim9, Hm"l i t he BREPRPOHNG® neans
generates |location 3 I nformation ”mmﬂm%ﬁ"ﬁ vi deo object unit, out
of the 4 vi deo object units in th& |%ttter Mvi dleos Obj ect unit sequence, 5
includes a final pack in the first audio pack group, 6 the witing
means witing the generated | ocation 7 i nformati on onto the optical
disc. 1 2 11. cbmprileingtata editing apparatus that perfornms editing to 2
enabl e seanl ess reproduction of a forner section and a 3 | atter section,
the former3 secti on genrenadtdngameans staxt ispecdfyindpeai myelseptation reng Himgst
one video object that is recorded 5 on an optical disc, each video

obj ect ind udi R ERpIIRGATG pugio LEAMS afed OBFeds RAACESSARA R3kh W&eo

bj ect it i | udi 7, . t f pigt dat 8 t i d dat
obyect unid InCkiG T GaEhge! AFUES BB R napy ol deo date
vi deo obj get Ul'ig%ozlﬂ%tioé%ﬁl%”ﬁﬁd%%@s |2k 8bay] e%@iﬁ?thré&% Ly sRAUaRCe

froma 11 vi deo obj ect recorded on the optic I sc, rmer” video 12
obj ect unit segupsgfodeirtth ¢88PPESSeratiiodeen@btifd dinithe d8cond pARIibi oned -
at an end of the former section that is to be 14 reproduced first, and

the | atter8 vi dévangj extthenipresegtenioen BEart bimeg dineotbilrdfawndigeo obj ect

units positioned at a start )
frame as a halt period for a processing halt by the audio

10 decoder,

11 the writing means writing the generated halt control

12 information onto the optical disc.

1 9. The video data editing apparatus of Claim 8,

2 wherein a plurality of sets of audio data that should

3 be reproduced for a plurality of audio frames from the first
4

audio frame to the second audio frame are stored as a first

audio pack group,

5

6 wherein if a data size of the first pack group is not
7 an integer multiple of 2 kilobytes (KB), one of stuffing

8 data and a padding packet is used to make the data size of

9 the first audio pack group is an integer multiple of 2KB,

10 and

11 wherein the plurality of sets of audio data that should
12 be reproduced for a plurality of audio frames starting from
13 the third audio frame are stored as a second audio pack

14 group, with the multiplexing means multiplexing sets of
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279 16 of a latter section that is ‘oduced second; 17
encodi ng neans for re-encoding th Mﬂ\\ ““ &\m data 18 i ncl uded in
N !

at least o former video * sequence and the latter
vi deo obj egpo(é%/ll%gfequence to enabl & 2D the forner sect FOHERG Y Re

| atter section to be reproduced 21 seamn essly; .and 22 witing
nmeans for rewiting at | east one of the fornmer 23 section and the latter
section on the optical disc after 24 encodi ng by the encoding neans. 1
12. The video data editing apparatus of Caim11, 2 wherein the
encodi ng fPans PéCEREDdtatag@nteasts oo afdi® datahso setat dhepiftrst eauthin

I ncl uded i% the fornmer video_object 4 unit sequence and the sets of

pi cture data i nBPﬁ%e%F?‘%P tfe 15cated Hefqare, itheosesprd taudiic PeckUBARE USi Nng a
target anount of 6 code, 7 the target anount of code being an
anount whereby no 8 overflow will occur in a video buffer of a video

decoder, 91 exen Menidie sgts dibidd WpBadatas! OF|idag, G the forner 10

vi deo object unit sequence are present e videO b at a sane
time as the sets of whedeire tat anangditdethebAst §endRates 13cheloNi deo obj ect
unit sequence. 1 13. The video data editing apparatus of Claim1l12, 2
wherei n whén a préermatitoppéhet ashéwsathiztt valiepi shide: Jnit,dahs o the

di spl ay or%er of .the former section is a 280
video object units in the latter video cbject unit sequence,

5 includes a final pack in the first audio pack group,

6 the writing means writing the generated location

7 information onto the optical disc.

1 11. A video-data editing apparatus that performs editing to
2 enable. seamless reproduction of a former section and a

3 latter section, the former section and the latter section

4 being located in at least one video cbject that is recorded
5 on an optical disc, eagh video object including a plurality
6 of video object units and eaéh videOZSbséct-uﬁitfineiudiﬁg
7 sets of picture data, |

8 the video data editing apparatus comprising:

9 reading means for reading a former video object unit
10 sequence and a latter video object unit sequence from a
11 video object recorded on the optical disc, the former video
12 object unit sequence being composed of video object units
13 positioned at an end of the former section that is to be
14 reproduced first, and the latter video object unit sequence
15 being composed of video object units positioned at a start
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4 Bidirectionally Predictive Picture (B pict ure) the re- 5 encodi ng

means performs re-encoding to convert" ‘the f|n of picture data to
a Predictive Picture (P picture) vvgmmmm“ t|on co onents are
dependent WA YIS sets of picture e reprk %&P‘é’?rl i er
than the final set of 9 pi cture datd. 14. The video data editing
apparatus of Claim 13, further 2 conpr|5|ng. 3 anal yzi ng neans
for anal yzing, when a picture type of a 4 final set of picture data in a
di splay order of the former 5 section is a B picture, an increase in
data sizgethatef a 122€e2MPAGEEM AHERNYST 86 Wb HepkBBuBedi s&ddbriy;i nto a P
picture 7 by the encodi ng neans, based on a ghta size of a set of 8
picture data to be eneprafdyceshraf tfalr trbeefidcdtiings @heObeps cofipicRure data i n
the display order, 10 the encodi ng means re-encoding sets of
pi cture d8ta atnclunded an ahdledst lpaef of nblre icdeerotjideo thetCtselqménce usi ng
a 12 target code anmount that ensures an underflow will not occur
in a vidéd buf?%%ueé\?énaﬁﬂeFP?nJ&% Héf‘%°v6?1ﬂ?qthéméﬁa§%‘éﬁimf4t° ePﬁH%ase
in data spze i unul ated in the dep_buffer V|de data
edi ting ggpara I TSFEFaPRT SRR 20 £he JL?"”‘errr geﬁtﬂtﬁgnt%gkbl Crtelgirgdpy e of a
first sepjof piLimifRs3y; af@ta in a coding order of the latter sectionis a
P picture, 4 the re- encodlng nmeans perfornms re-encoding to convert the
281 22 writing means for rewriting at least one of the former
23 section and the latter section on the optical disc after
24 encoding by the encoding means.
1 12. The video data editing apparatus of Claim 11,
2 wherein the encoding means re-encodes at least one of
3 the sets of picture data included in the former video object
4 unit sequence and the sets of picture data included in the
5 latter video object unit sequence using a target amount of
6 code, ‘
7 the target amount of code being an amount whereby no
8 overflow will occur in a video buffer of a video decoder,
9 even when the sets of picture data included in the former
10 video object unit sequence are present in the video buffer
11 at a same time as the sets of picture data included in the
12 latter video object unit sequence.

1 13. The video data editing apparatus of Claim 12,
2 wherein when a picture type of a final set of picture

3 data in a display order of the former section is a
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5 first set of picture data to an Intra Picture (I picture) 6 whose

i nformati on conponents are not depéndent ‘Hsets 7 of picture
data. 1 . vi deo data edi “%ﬁ Caim1l 2
corrprising:‘J"ggw.l-‘lp,@7 anal yzi ng nﬂ!“ l alsyzirng, when 2C6&§# ggétype of

a4 first set of picture data id a coding order of the latter 5

section is a P picture, an increase in data size that 6 acconpani es a
conversion of the P picture into an | picture 7 by the encodi ng neans,
based on a data size of a set of 8 picture data to be reproduced before
the first et oPidirectjiomediy Buedictiveh@®iditspkayB osidetture}) the re- the
encodi ng ans re-encodi ng sets of picture data at 11 a start of the

| atter viggo obfBETIIRA MeSB§URREECTRS kp—gneRdingt ke ranveste thavfinal raet

i cture data wi Th Petdre (988,08 A PRt saEe P RO of B PHE PSS BOVIARR at ed
in the video buf i | 11ing apparatus of C.aim12,
2 wher ei ﬁﬁév\%néa;t le? np %é?aglg%%%g&%f %Ebg Prsg?g B 0(5"1[‘l yp Fg%ﬁr %gISP 1CLULS a

in a displ3y ordeta fhdth@reakbfro®sdd PariSed Bndn thdifGhUiCsetNSs
re-encodi ng neans perforns re-encoding to 5 convert the first set of

pi cture data t opictwrevalatas predi cative picture whose information
conponents are only 7 dependent on sets of picture data that are
reproduced after 282

1 14. The video data editing apparatus of Claim 13, further

2 comprising: |

3 analyzing means for analyzing, when a picture type of a
4 final set of picture data in a display order of the former

5 section is a B picture, an increase in data size that

6 accompanies a conversion of the B picture into a P picture

7 by the encoding means, based on a data size of a set of

8 picture data to be reproduced after the final set of picture

.9 d;ta in the display order,

>

10 the encoding means re—encoding séts'of-piéture data aﬁ
11 an end of the former wvideo object unit sequence using a

12 target code amount that ensures an underflow will not occur
13 - in a video buffer even when picture data with the analyzed

14 increase in data size is accumulated in the video buffer,

1 15. The video data editing apparatus of Claim 12,

2 wherein when a picture type of a first set of picture

3

data in a coding order of the latter section is a P picture,

4 the re-encoding means performs re-encoding to convert the
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8 the first set of picture data. 1 18  The-vi-deo data editing

apparatus off Claim1l1l7, further 2 | Sgenok anal yzi ng neans
for anal yzing, when a picture typelﬂiliﬂ.ﬂ“l‘ﬂlﬂm m‘set of picture data in a

di spl ay orwerod7sthe |atter 5 S pi=Ct ure, BRETARIEPHZLe in

data size that 6 acconpani es a conversion of the B picture into a
forward 7 predi cative picture by the encodi ng neans, based on a data 8
size of a set of picture data to be reproduced after the 9 first set of
pi cture data, 10 t he encodi ng neans re-encodi ng sets of picture
data at 115  Fivkarke®fot @cltakéeaa\va@patﬁbtﬁekauméuﬁ%qwn%fcﬂ@fm a 12
target code anount that ensures an underflow will not occur 13 in a

vi deo buf fér ewhosehénfointioe deiponért:s tare aval gemshdeht oni othenssetsn
data size is accunulated in the video buffer. 1 19. The video data
edi ti ng appar at¥sPérteridates, further 2 conprising: 3

separating neans for separating sets of picture data 4 and sets of audio
data fromthe fornmer video object unit 5 sequence and the latter video

obj ect uni{ se n r i ans;
mul tipl exifng rrggﬁse‘ge ‘(?ﬁﬂa(p)(j‘_’lg?'f'=1 o?dsr'rgﬁ# gﬁ%&# %Sggt g?e%%qqloég 'oFuf%%erset s of
picture 92 dabapribigd: i ncl ude one of picture data and re-encoded 283

3 analyzing means for analyzing, when a picture type of a
4 first set of picture data in a coding order of the latter

5 section is a P picture, an increase in data size that

6 accompanies a conversion of the P picture into an I picture
7 by the encoding means, based on a data size of a set of

8 picture daté to be reproduced before the first set of

9 picture data in the display order,
10 the encoding means re-encoding sets of picture data at
11 a start of the latter video object unit sequence using a
12 ta;get code.amount ;h?t ensures an uanr?low{will not o;qqr s
13 "in a video buffer e&eﬁ when picture data.witp:the analyzed
14 increase in data size is accumulated in the video buffer.

1 17. The video data editing apparatus of Claim 12,

2 wherein when a picture type of a first set of picture

3 data in a display order of the latter section is a B

4 picture, the ré—encoding means performs re-encoding to

5 convert the first set of picture data to a forward

6 predicative picture whose information components are only

7 dependent on sets of picture data that are reproduced after
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10 picture data, separated fromthe obj ect unit 11
sequence with the sets of audio d “\“%ﬁ‘m“ f or mer vi deo

obj ect unit ence, and 13 s pl*exi ng the icture
data, which 14 H%lgncl ude one of pi Cture data and re- encodé%q‘é)’?%s?{l?é
data,.. 15 separated fromthe latter video object unit sequence with 16
the sets of audio data separated fromthe latter video 17 obj ect unit
sequence; 18 the witing neans witing data outputted by the 19

mul ti pl exi ng neans onto the optical disc. 1 20.7"The video data editing
apparatus & O &hen fibrstp set of pighereidatishe plurality of sets of audio
data in the 3 former video object unit sequence and the latter video 4
obj ect unit sequence are reproduced for a plurality of audio 5 frames, 6

t he video data it further conprisi | yzi ng neans
for speci fg"l ng ggpeir!iﬂ%d Q:‘Q::tv\gé#ga e gp pm’):ﬁﬁﬂ?o r%‘?é‘marjrg'a BE%E)% audi o
frame, out 20f tBemprigaigty 9 of audio franmes in the forner video object

unit sequence, 10 for  taking a first audi o data sequence that should be
11 repraduced duramglydiegspeansi osk Rela19dihgomtdte 4 YiRhr¥ €60e 12 a
object unit sequence, and for extracting a second audi o data 13 Sequence
t hat shoul ¢ be ﬁé{)ﬁlbmwfspaptung datomia thbidpldy ordeitdio® thankBatted he
plurality %f audi o, franes |n the latter 15 vi deo object unit sequence,
284 section is a B picture, an increase in data size that
6 accompanies a conversion of the B picture into a forward
7 predicative picture by the encoding means, based on a data
8 size of a set of picture data to be reproduced after the
9 first set of picture data,
10 the encoding means re-encoding sets of picture data at
11 a start of the latter video cbject unit sequence using a
12 target code amount that ensures an underflow will not occur
13 in a video buffer even when picture data with the analyzed
14 increase in data size is accumulated in the video buffer.
1 19. The video data editing apparatus of Claim 18, further
2 comprising:
3 separating means for separating sets of picture data
4 and sets of audio data from the former video object unit
5 sequence and the latter video object unit sequence read by
6 the reading means; and
7 multiplexing means
8 for multiplexing at least one of the sets of picture
) data, which include one of picture data and re-encoded
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16 the first audio frane being the second next audi o frame 17
froman audio frane that corresponds to atinme at whic 18 first pack

inthe latter video object unit ﬂ mlltl lmﬂum |nputted 20 © the
second audwo 991478 bei ng | ocat ed re 21  PERIBASA#I3 frane in
the former video object unit sequence that 2 corresponds to a
presentation start time of reproduction of 23 a first set of picture
data in the latter video object unit 24 sequence, 25 the third
audi o frame being located imedi ately after 26 the audio frame in the
latter vifgo Olﬂl%%hrénaétée%'&%ﬁtga from Ndle $BLNES PO toegaceresﬁmt ation
end tinme of reproduction 28 of the second audio frane, and

the mul tipl exi sgpgreace witt ithleexety dheaiidios datapreadirfrord the ﬂatmmnd t he
sets of audio data so that the first audio data 31 sequence is | ocated
at a posii4 on BFEKgPeohIRCE awditd saguerces2 and dat a sequence 1 21 The

vi deo datga_editing aggaratus of Claim 20, further onpri sin 3
generatin§3neans for xénﬁrEEﬁnﬁ%£§|8ﬁ Ehﬂt?¥?n94$a' wBichhe second

dio f d gl t 5 d d
?lcj)rI Sene?i?l ng lﬁlcl'd"ﬁago&? %Cgﬁ%tu?ﬁf or mat: nﬁrfehslf‘cog%d% C%H%O%gg el
processi ngg hal tserpwstéa\dfr?om thd ﬁas&eﬁ FIRY bBSePE 63N %te'q‘a@négdwiﬂﬂm of

t he second audio 8 frame to the presentatioh start tine of the third
audi o 28516 the sets of audio data separated from the latter wvideo

17 object unit sequence:;

18 the writing means writing data outputted by the
19 multiplexing means onto the optical disc.

1 20. The video data editing apparatus of Claim 19,

2 wherein the plurality of sets of audio data in the

3 former video object unit sequence and the latter video

4 object unit sequence are reproduced for a plurality of audio
5 frames, .

6 the video data editing apparatus fﬁrthe_r comprising

7 analyzing means for specifying a period between a first

8 audio frame and a second audio frame, out of the plurality

9 of audio frames in the former video object unit sequence,
10 for taking a first audio data sequence that should be
11 reproduced during the specified period from the former video
12 object unit sequence, and for extracting a second audioc data
13 sequence that should be reproduced starting from a third
14 audio frame in the plurality of audio frames in the latter
15 video object unit sequence,
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9 frame as a halt period for a processing halt. by the audio 10
decoder, 1 the witing neans  witing the generated halt control 12

1
appar ot us. QOB 217" ur ther ;w\mmmm\l}g&\w e o S e

plurality of sets of audio data tfat ¢shbul' be reproduced for a

plurality of audio franes fromthe first 5 audio franme to the second
audio frame are stored as a first 6 audi o pack group, 7 wher ei n
if a data size of the first pack group is not 8 = -an integer nultiple of 2

kil obyt es1fKB), one téfe finstiaudid fradet being thaddiong pagkeiudio WEehet 0
make t he g?ta spze of 10 . the first audio pack group is an integer

ml tiple 2KB-FOM an aydjo frame that gpsresponds 48 @ shineyabfwhsiaths aof

audi o dat qagt hat I 3. be reproduced for a plurality of audio frames
starting ??om 17 lp%glit AP r PR TR Xﬁgeﬁr%b'ﬁ‘iﬁ &P1is sSgaeeReMdtaudi o pack
15 group, W idpddiednul tiplexing means multiplexing sets of 16 pi cture

data and sets of audio data so that the first audio 17 pack group is
| ocated bebore the steosdcendi sudiarkr@neUBeidg 1ocated! Bfim¥d t Lling
apparatus of Claim22, further 2 corrprieé:iu?\%: o3 < ﬁm&\i/\ﬂ%?eeﬂﬁk%h%qe

anal yzi ng2leansahyewastist §sahecht itdre ZBEmer Wideo ioHj@ctRLLOP §dqierihOWnaphi ch

vi deo objggt unit, out of the
corresponds to a presentation start time of reproduction of

23 a first set of picture data in the latter video object unit
24 sequence,
25 the third audio frame being located immediately after
26 the audio frame in the latter video object unit sequence
27 that corresponds to a presentation end time of reproduction
28 of the second audio frame, and
29 the multiplexing means multiplexing the sets of picture
30 ‘data and the sets of audio data so that the first audio data
31 sequence is located at a position before the second audio

32 data sequenbé. | |

1 21l. The video data editing apparatus of Claim 20, further

2 comprising:

3 generating means for specifying a presentation end time
4 of the second audio frame as a decode processing halt time

5 for an audio decoder, and for generating halt control

6 information that indicates a decode processing halt time and
7 a period from the presentation end time of the second audio
8 frame to the presentation start time of the third audio
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5 video object units in the latter video—ebject unit sequence, 6

i ncludes a final pack in the” fiTst audj group, 7 the witing
nmeans witing the generated Imlﬂm T\l@ mt)rmatl on onto the optical

disc. 1  WOPYIKS opt i cal a JdBEHIRBEAT3 ecor di ng
a plurality of video objects t hat* 3 include a plurality of video object
units, each video object 4 unit including a plurality of sets of picture
data and a 5 plurality of sets of audio data, 6 the plurality of
video objects having a display order, 7 one of the video object
units in @ fol tpuinegdayidemis per@bﬂeﬁsr aVpirobek§ify \ﬂﬂ@b?bi:ﬁétalmﬁlo of the .
plurality of 9 video objects that is to be reproduced follow ng a
precedi ngl0l0 degpden, object in the display order, including a first audio
11 data sequence and the second audi o data sequence, 12 t he
first aucﬁlo dat a seﬁ%ﬁt@%@ﬂn@eénil‘mléﬂn@ytbﬁ generated hadt eertreldat a

t hat shoul.d be.reproduced d eC|f|ed 14 peri od between a first
audio fr and® §8§Q%BHH‘§WE gg? P d18Gut of a plurality of audio
franmes in the preceding video 16 object 17 t he second audio
data sequence being a plurality of 18 sets of audio data that should be
reproduced froppa thé reided datauédﬂtifr{ga%p(a@é@ﬁgsof Q'.litalﬁlf 2@ PreF@dt y Of
audio frames in 20 the foll owi ng video object, t he
first audizo frapepbesing:@a second next audio frame

3 wherein a plurality of sets of audio data that should

4 be reproduced for a plurality of audio frames from the first

5 audio frame to the second audio frame are stored as a first.

6 audio pack group,

7 wherein if a data size of the first pack group is not

8 an integer multiple of 2 kilobytes (KB), one of stuffing

9 data and a padding packet is used to make the data size of

10 the first audio pack group is an integer multiple of 2KB,

11 and '

12 I wherein the plurality. of séts sg-a;dio data that-éhould.
13 be reproduced for a plurality of audio frames starting from
14 the third audio frame are stored as a second audio pack

15 group, with the multiplexing means multiplexing sets of

16 picture data and sets of audio data so that the first audio
17 pack group is located before the second audio pack group.

1 23. The video data editing apparatus of Claim 22, further
2 comprising:

3 wherein the analyzing means generates location
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22 froman audio frane that corresponds to a tinme at which a 23 first
pack in the follow ng video object is inputted,_24. the second audio

frame being, i medi ately before 25 an audio frang jn t

precedi ng vi heo %glpect unit seque mm“‘rrespondgc#)gmgm”‘%
presentation start tinme of video E\m ﬁ\‘“m he foll ow ng video

obj ect, and 28 the third o fFrank belng | ocated i nmedi ately
after 29 the audio franme in the follow ng video object that 30
corresponds to a presentation end tine of the second audio 31 frame; and
32 4an i l%r’fé@nsttbatn‘gh%@eth:@h vided estsj ddtnkindg, 38ut of the

|nfornatio$ for £ QD%# ob ect.in the data area, the 34 seam ess
li nki ng i nfor mat T Sa5C nljn e dde datbancYidne Fbectofnit cepmiansei on

f t t cof t | ob t t he dat
gr eaWOS(Y)u &° ﬂ?ceg%: selt E%?Qie%%ﬁq?ss %Pﬁk?ﬁﬁggfﬁ‘fﬂ{?gt%i% 28‘:1€'di ng gBa
audi 0 gap Start ti n&nenmiﬁﬁﬁd;%aﬁld'v&%hﬂg 2n39 enez&&%ﬁﬂ%@%m&f& end time
a

of the second audio frane as a decode 40 proc ssing I'me” of an
audi o decofler; imformation emtid otigopdica@dqigéor mation indicating a period
42 bet ween the presentation end tine of the second audio frame 43 - to
a presentation start tine of the third audio frane as a 44 decode halt
period of ggg decoder; and 45 | ocation information indicating
whi ch vi ded objett °ptlﬁﬁ?‘td1§ﬁrt EPEREingteo object units in the
follown | deo 288 .
g¥ a data area recording a plurality of video objects that

3 include a plurality of video object units, each wvideo 6bject

4 unit including a plurality of sets of picture data and a

5 plurality of sets of audio data,

6 the plurality of video objects having a display order,

7

one of the video object units in a following video

8 object, which is a video object out of the plurality of

S video objects that is to be reproduced following a preceding
10 video object in the display order, including a first audio
11 data sequence and the second audid data seqﬁence,

12 the first audio data sequence being a plurality of sets
13 of audio data that should be reproduced during a specified
14 period between a first audio frame and a second audio frame,
15 out of a plurality of audio frames in the preceding video-

16 object,

17 the second audio data sequence being a plurality of
18 sets of audio data that should be reproduced from a third
i9 audio frame onwards, out of a plurality of audio frames in

20 the following video object,
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47 obj ect, includes the first audio pack sequence. 1 25. The opti cal
disc of Claim?z24, 2 wherein the fir I 0 data sequence is stored
ina3 first audi o data packcnuu le“! ﬂi‘lnaldaudi o data pack &r oup 4
bei ng posi WQEd7Hef ore a second IAAYlIAN group i nPGTAPIS{ORES

foll ow ng video object, 6 _ t he second audi o data pack group being an
audi o data 7 sequence that is reproduced for a plurality of audio franes
8 in the foll ow ng video object, 9 the location information

i ndi cating a video object unit 10 that includes a final pack in the
first auddlo data pathe lfiirst gudip. fdlame b2GngAavseékesondlaiextedutiogfegmear at us
for an optical disc, the 2 optical disc conprising: 3 a data
area recaddli ng £xop| apaaudip Srappdbbabbjarresrohds o a timel alleWRigh @ality
of video gbject_units, each vi d%o obj ect 5 unit inclydin plurality of

sets of pﬁ%turéiﬁﬁf:ap%ﬂg’é‘ ghe Iollewing yigeosebiech Jéu&PBugﬁg%v

th I j t f vi | ect ' L spl s . f th
e ookt or o P8 FRRE 10K Bt et oOLORT ibegiproty AT (e
obj ect oujs Of GReaphys atidme h e praddfiPg0Piacs Sobftdle ufitOsdudriy oduced

follow ng a preceding 11 video object 1n the display order, including a
first aud® 12 thatdabfrePiRisCeoallpidentatabs stshito tdaicaoseqidanse, 289
13 the first audi o data sequence being a plurality of sets

27 frames in the following video object, and

28 the third audio frame being located immediately after

29 the audio frame in the following video object that

30 corresponds to a presentation end time of the second audio

31 frame; and

32 an index area storing a set of seamless linking

33 information for each video object in the data area, the

34 seamless linking information enabling seamless reproduction

35 of a combination of two out of the plurality of wvideo

36 objects recording in the data area,

37 ‘ each set of seamless linking information including:

38 audic gap start time information indicating a

39 presentation end time of the second audio frame as a decode

40 processing halt time of an audio decoder:

41 audio gap period information indicating a period

42 between the presentation end time of the second audio frame

43 to a presentation start time of the third audio frame as a

44 decode halt period of the audio decoder: and

45 location information indicating which video object

46 unit, out of the video object units in the following video
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14 of audio data that should be reproduced during a specified 15
peri od between a first audio frane and a Sﬁﬂﬂﬂt

dio frame, 16 out of a
plurality of audio frames in the lm m Biﬁ? object, 18 i
t he second 3’9&9’6"%?;1ta sequence beﬁ wall sty x

f 19 LETIPR(04L73di o

data that should be reproduced froma third 20 audi o frame onwards, out
of a plurality of audio frames in 21 the follow ng video object, 22

the first audio frane being a second next audio frame 23 froman audio
frame that corresponds to a tinme at which a 24 first pack in the

fol | owi ng4Vi deocCRif@®ot includpat thel £25t audio pidle smpemdeaudi o frane being
| ocated i nmedi ately before 26 an audio frane in the precedi ng video

obj ect unit sequence 27 that corresponds to a presentation start tine of

vi deo 28 fr S 4L the.foll gwi ng vi deq ohject, and 29 the third
audi o frand be?%%’ I%ﬂ(}atog%lf:ﬁ%egi‘%‘f e‘?ﬁj/ cﬁﬁ"ﬁ’r 950 the audio frame in the
fol l owi ng gi deo obj ge A1t tBd £i r 0 t gsentation.end tine of
the second audio 32 ? frame; a_nhr% i Bgéang?%ldegécearlgagé?ﬁ?? n]gnaél set of
seanl ess | Bnki ngiBdt audif aaudt paik fPoRaCRn¥i 88Ps O 1RAL bALE NEadatfsiea,

the 35 seanl ess |inking information enabling seam ess reproduction 36
of a conbi dat i opebig thesidibned bétoxd W aleicbyd Ohudislamtd’ packOPE®GS Sin
recording in the data area, 38 ~each set of seanless |inking
i nformati oR i ncFRRli ¥RL1¥eg video object,
6 the second audio data pack group being an audio data
7 sequence that is reproduced for a plurality of audio frames
8 in the following video object,
9 the location information indicating a video object unit
10 that includes a final pack in the first audio data pack

11 group.

1 26. A video data editing apparatus for an optical disc, the

2 optical disc comprising:

3 a'déta area.recording a plﬁr;ii£y éf vidég“gﬁjé;£§'tﬁaf'.m
4 include a plurality of video object units, each video object

5 unit including a plurality of sets of picture data and a

6 plurality of sets of audioc data,

7 the plurality of video objects having a display order,
8 one of the video object units in a following video

9 object, which is a video object out of the plurality of
10 video objects that is to be reproduced following a preceding
11 video object in the display order, including a first audio
12 data sequence and the second audio data sequence,
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39 audio gap start tinme information indicating a 40 presentation
end tinme of the second audio frane as a decode 41 processing halt tine
of an audi o decoder; 42 ._..audio gap. period information |nd|catlng a
peri od 43 WOTSken the presentation end time of the secRSTAPRUMIB frame 44
to a presentation start time gilmliﬁuu“wtﬂlllnm frane as a 45 decode
halt period of the audio deco | ocati on information

i ndi cati ng which video object 47 unit, out of the video object units in
the foll ow ng video 48 obj ect, includes the first audi o pack sequence,

49 13 the vi dehed@ifstdHidity daRRasedesndOBRENG 80p10fhlity of sets
reception nmeans for receiving an indication of a part 51 to be del eted,
out of alpl ur af tapdip dBUQothﬁﬁ(ahpumdibs témodiZzed during ccdpedifiedhe

front of a latter, video object; readi ng neans for referrlng to
the | ocatbon iRPRTHAEPREHSSH 2 flﬁftt REdiQ afames anchRj ﬁgcwﬁ FURO SRamPw

readi ng e Vld 0 ct u out _of the pluralit Vld Q _obj ect
units inag §$8lpﬁﬁf+ééky(? oaBBfgcfraW%§ Wi ERe tBEF$§4%ﬂ §e8 data 57
sequenceys Io égg' and 58 del eti ng nmeans for deletlng a plurality
of video object 59 units, which correspond to the part to be deleted,

and the 68 audi @h@aBecdnd awiho HaeavisQnritat petdyt 4 NEL@RNARYt BE Of d ai m

26, 2 extracting nmeans for extracting, fromthe first audio 3
dat a seqdi@nce sels tdfe apditondhtadihatdahaukd e reproduded Thxim a2@hird

20 audio frame onwards, out of a plurality of audio frames in

21 the following video object,

22 the first audio frame being a second next audio frame
23 from an audio frame that corresponds to a time at which a
24 first pack in the following video object is inputted,

25 the second audio frame being located immediately before
26 an audio frame in the preceding video object unit sequence
27 that corresponds to a presentation start time of video

28 frames in the follow1ng video object, and

29 . the third audlo frame belng located 1mmed1ately after
30 the audio frame in the following video object that

31 corresponds to a presentation end time of the second audio
32 frame; and

33 an index area storing a set of seamless linking

34 information for each video object in the data area, the

35 seamless linking information enabling seamless reproduction
36 of a combination of two out of the plurality of video

37 objects recording in the data area,

38 each set of seamless linking information including:
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4 sequences to be newly arranged in the follow ng video 5 obj ect,
based on the video presentation Start time of .a set 6 of picture data to

be reproduc in the foI vi deo object fro e part
has been deﬁg)taceg}ciﬁﬁs "ﬂH storing th?cm%“h@
sequence 9 extracted fromthe f4 rgt ta sequence in a first 10
audi o pack group and the audi o data sequence extracted fromll t he
second audi o data sequence in a second audi o pack group, 12 and for
arrangi ng 3t9he first au ack gr oug}and t he second 13 audi o pack group
i nto vi deo’“obj ect unﬂ1 "ﬁ’esﬁ: FEobhRy lP—’FOrmaWQEol@%}%mlngla 28 The

vi deo dat ggedit u d al 7 further rising
updati ng neans ngsgﬂgg{’lﬁénng et%lrlﬁl - ?H‘é"‘h iz ensr ﬁa@?%‘hd%md
the audi o gap pekbedssMP A ImePaEe ud| o data sequences
extracted by the extract?ng rneanlsne gf QIQ‘ﬂléﬁ'upga% ‘the | ocati on

nformatioz based oaudid aup ipenidy inSlmidtoh Lk authy dakassgguence used
by the arranging 8 nmeans. 1 29. A conput er-readabl recor I ng nmedi um

recordi ng ¥n 2 betweénthe mregeatathon edi ting bbathéensddcns - 88a0b eESame
reproduction of two video objects on an optical disc, 4 each video
obj ect i nd4udi n§Ca? pPIRIANAFiGR Frask Wi of She thiid Sudiiod feand as deo

obl ect unids | 1LYEhag 51 SUeiBhLY 6 Ruato Secoads Gng

46 location information indicating which video object

47 unit, out of the video object units in the following video
48 object, includes the first audio pack sequence,

49 the video data editing apparatus comprising:

50 reception means for receiving an indication of a part

51 to be deleted, out of a plurality of video object units that

52 are located at the front of a latter video object;

53 : reading means for referring to the location information
54 in the seamless linking information and reading the video

55 object unit, out of the plurality of videc object units.in
56 the following video object, in which the first audio data

57 sequence is located; and

58 deleting means for deleting a Plurality of video object

59 units, which correspond to the part to be deleted, and the

60 audio gap.

1 27. The video data editing apparatus of Claim 26,
2 extracting means for extracting, from the first audio

3 data sequence and the second audio data sequence, audio data
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7 the editing programconprising the follow ng steps: 8 a
reading step for reading at |least one of a former 9 vi deo object unit
sequence and a latter video objéct unit 10 sequence from a vi deo obj ect

vero comoseaor 12 o IMIMIMMMENEY o °epace) oby et umi voe"e°

positioned at the 13 end of*a ¥orme! videb object to be reproduced
first, and the 14 | atter video object unit sequence being conposed of a
15 predet er mi ned nunber of video object units positioned at a 16

start of @ | atde@aericdeoc®fectiewl ¢ BErdmpHddnc e SE6DIuink7 video an
encodi ng step for re-encoding the sets of picture 18 data included in at
| east one5 of tdiedeftr neasad deo thej vided Presemtatisrskarie timg ofied | 2k er

vi deo object unit sequence to 20 enabl e the former videg_object and the

latter vi@eo & Pdftpre datsy tgebpepeRiRANEEd EAKPESE Eheyf@liowing a
witing step far, rewiting at |eas ne of .the fornmer, 23 .vi deo obj ect
and the | t t er’*86Pe&PIBR %?@%B’S?‘Egl&b‘?ﬁrgf ?‘8? gﬁ?n deglneézg ng by the

encoding gtep. 1 ardfagfhd GEANLCESE otatl G 1ACOLMANY JIR WBLakAEENg an

editing 2 program S parts of vi'deo objects recorded on an 3

optical dysc text@aabbs SLAItRRS £hept 0sdid athokefhiéndarinsa 4irst each
vi deo object including a plurality of video object 5 units and each
vi deo obl@ct wuidioi petkidjrmprseing thepawdio elafa seduencd @mxtxagkednfrom
reproduction period including a plurality 293 7 of video franes, each
set of pittur &b@asgcped mpdichdggacenquence in a second audio pack group,

12 and for arranging the first audio pack group and the second

13 audio pack group into video object unit in the following

14 video object.

1 28. The video data editing apparatus of Claim 27, further
comprising:

updating means for updating the audio gap start time

S OV IS ]

information and the audio gap period information, based on
the audio data sequences extracted by the extracting means,
and updating the location information, based on a location

of the first audio data sequence used by the arranging

@ N o U

means.

1 29. A computer-readable recording medium recording an
editing program that editing that enables seamless
reproduction of two video objects on an optical disc,

each video object including a plurality of video object

M s W N

units, and each video object unit including sets of picture
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8 together with one audio frame, 9 each part being a section
bet ween one video frane and 10 anot her video frane, 11 the

editing pro 2l uding the following steps: 12 r i step
Woshny e and S’CIT&? gﬂé"rrl

ngr e(r:teaginintg Seqacragg:a :‘/irngnoaO?jéle?t tl:[“uujﬂﬂuluummumrded on the opticiatldeo

disc, the fornmer video 15 obj ect wunict seqWente *bei ng conposed of video
obj ect units 16 positioned at an end of the forner section that is to be
17 reproduced first, and the latter video object unit sequence 18

bei ng conposed F*&si deo object units positioned at a start 19 of a

| atter secgion that . eproduced second; 20 .an encodi ng step
f or re-enchi ng the Eé%t éald?ﬁbq éfrl?rggaﬁllcompﬁla?né‘q roeudeyPYing $%8R&: one of
the formergvi deo objseekbad? | e the. latter_video object
unit sequence to 23 gna%?esﬁetffoc%r %grgaglg%%r%egnﬁ ?ﬁg ?Et?ec’%'ée ion to
be 24  r@producisb sbgEtesH s¥RfhedBe and a Lt Lo SESRed i i ting

at | east one of the former 26 section and the latter section on the
optical diSc af¥equepre fremcodiinigobpbthet enemstideg shephe loptidll dAsc,
corrputer-i) adablhe recordi ng medium storing an editing 2 program t hat
edits an ﬁt i catiqyiformes video objegs ©pitcesquinee befpgi somppsed of a  a
data area ecorxgli L lity of videqQ objects that 294 5 i ncl ude a
Fea ecorgl i ' i iti

plurality of vi'deo o%fglggéﬁnrf?éeregéhvﬁgﬁ%oé%%tunlts positioned at the

13 end of a former video object to be reproduced first, and the

14 latter video object unit sequence being composed of a

15 predetermined number of video object units positioned at a

16 start of a latter video object to be reproduced second;

17 an encoding step for re-encoding the sets of picture

18 datalincluded in at least one of the former video object

19 unit sequence and the latter video object unit sequence to

20 enable the former video object and the latter video object

21 to be reproduced seamlessly; and

22 a writing step for rewriting at least one of the former

23 video object and the latter object on the optical disc after

24 encoding by the encoding step.

1 30. A computer-readable recording medium storing an editing
2 program that edits parts of video objects recorded on an

3 optical disc to enable seamless reproduction for the parts,
4 each video object including a plurality of wvideo object
5 units and each video object unit including sets of picture

6 data for a given reproduction period including a plurality
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6 unit including a plurality of sets of picture data and a 7
plurality of sets of audio data, 8 — ——the plurality of video objects

having a di splay order, 9 on ggleo object units in a
fol | owi ng WOPaB478D obj ect , wu‘“ﬁﬂﬂ‘&gﬂm‘ bj ect” out POFIRFEMA urality
of 11 video objects that is 0@ uwced follow ng a preceding 12
vi deo object in the display order, including a first audio 13 dat a
sequence and the second audi o data sequence, 14 the first audio
data sequence being a plurality of sets 15 of audio data that should be
reproducetl durdingidespfrarméssd ebGh sepeof qidimirecdata Heimgt rgpupdud¢edine and
a second audio frane, 17 out of a plurality of audio frames in the
precedi ng8 vi d&gegher whfrne ppdio framet he second audi o data sequence

bei | lit f 20 t,s of di o data that should b d
froma thord 21 2681 BT HAiTghfar BSELOLDRRLPE A9 P RBat f ranes
in 22 16 he fa?loh%‘é‘r”@i&éé’%.ﬁca?@ ect, 23 the first audio frame being

a second next audi o frane ‘from an audio frame that corresponds to a
tinme at yhich a 25tne é&i@inéf)%g&amtbﬁcﬁmilr@v\ﬂtne ¥bUPswialy eekpss i nputted,
26 t he second audio franme being |ocated i nmedi ately before 27 an
audi o frage in theapreaeihgtepddorobe¢sdingia tfosmguevicde®®bjecthanit
corresponds to a presentation start tine of video 29 franmes in the

fol | owi n§3vi dearasignset andm Bg-ter videotohdaati paikusPEIIEETBB Ag | ocat ed

i medi ately after 295 . .
14y video object recorded on the optical disc, the former video

15 object unit sequence being composed of wvideo object units
16 positioned at an end of the former section that is to be

17 reproduced first, and the latter video object unit sequence
18 . being compoéed of video object units positioned at a start
19 of a latter section that is to be ;eproduced second; -

20 an encoding step for re-encoding the sets of picture
21 data included in at least one of the former video object

22 unit sequence and the latter video object unit sequence to
23 enable the former section and fﬁe lafteé'sectionito be o

24 reproduced seamlessly; and

25 a writing step for rewriting at least one of the former
26 section and the latter section on the optical disc after
27 encoding by the encoding step.
1 31. A computer-readable recording medium storing an editing
2 program that edits an optical disc,
3 the optical disc comprising:

4 a data area recording a plurality of video objects that
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31 the audio frame in the follow ng video object that 32 corresponds
to a presentation end tine of the second audio 33 frame; and 34

an i ndex arnga. 34 Ng a set of s ke 5 info ' f or "each
vi deo obj ec"t%igilut?#e data area, tmﬂ“mm" I“Eul]rrmm | i nki ng F’ﬁ?@%@fvgn
enabl i ng seanl ess reproduction 37* c¢ofta *torfbirfati on of two out of the
plurality of video 38 objects recording in the data area, 39

each set of seam ess |inking information including: 40 audi o gap
start ti informatjon indicating a 41 resentation end time of the
second audio 13 uCrLfs 3, PrBEaltty ot Vl&eé’cé’g%ﬂ‘g vl St ieashovideo ekliast

decoder; 43 P i a ri information_indicating a period 44
bet ween t he pr%%Jé%tlarﬁiggggﬁdgtﬁgfr%r%ttyhé’%séﬁﬁﬁdogﬁﬁ%ea tﬂ5£nd 30 a
present at on spRitativie o2f sbhs 5piarl§hi%ugi‘_:‘gatrarre as a 46 decode halt

peri od of the audi o decoder; and 47 | ocation information indicating
whi ch vi d&o object e plunality st wifddohepyedes whhafd aURitprh) dfer,
foll owi ng video 49 object, includes the first audi'o pack” sequence, 50

the editifg programien@futihagvide fadjleati ngiss efs:a Following vidéeception
step for roecei ving an indication of a part 52 to be deleted, out of a
pl ural i t y%f v??&é%qﬂﬂWQ&Fhtht% Tiigo ppjectgpet | of dithed pdurahity rafit of a

| atter viideo o)j , a reading step for referring to the
| ocat i onlgS_ p%%c%r r?gtélcgﬁ Fhat e sté’a?ﬂeeggpF‘P KFHy SHAGHARET 8rPEaRPIiaddi ng
56 theavidepi gy aijeddl in O &fsiG BLYLA LV Qlas W d50 0Dl eCt, 296

13 data sequence and the second audio data sequence,

14 the first audio data sequence being a plurality of sets
15 of audio data that should be reproduced during a specified
16 period betweén a first audio frame and a second audio frame,
17 out of a plurality of audiq frames in the preceding video

18 object,

19 the second audio data sequence being a plurality of
20 sets of audio data that should be reproduced from a third
21 audio frame onwards, ouﬁ of é pluraiity of audio frames in

22 the following video object,

23 the first audio frame being a second next audio frame
24 from an audio frame that corresponds to a time at which a
25 first pack in the following video object is inputted,

26 the second audio frame being located immediately before
27 an audio frame in the preceding video object unit sequence
28 that corresponds to a presentation start time of video

29 frames in the following video object, and

30 -the third audio frame being located immediately after
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57 units in the follow ng video object, in which the first 58 audi o
data sequence is |ocated; and 59 ,f~a'déTéting step for deleting a

plurality of video 60 obj ect™units, rrespond to the&Bart to be
del et ed, 6WOHAFY t he audi o gﬂ““ﬂ “ \ﬂ PCT/JP98/04173

31 the audio frame in the following video object that

32 corresponds to a presentation end time of the second audio
33 frame; and

34 an index area storing a set of seamless linking

35 information for each video object in the data area, the _
36 seamless linking information enabling seamless reproduction
37 of a combination of two out of the plurality of video

38 objects recording in the data aresa,

39 each set of seamless linking information including:

40 audio gap start time information indicating a

41 presentation end time of the second audio frame as a decode
42 processing Halt time of an audio decoder;

43 audio gap period information indicating a period

44 between the presentation end time of the second audio frame
45 to a presentation start time of the third audio frame as a
46 decode halt period of the audio decodep;“anq

47'-.': location information indicatiﬁg Qﬁié; Qﬁdéé object

48 unit, out of the'video object units in the following video
49 object, includes the first audio pack sequence,

50 the editing program including the following steps:

51 a reception step for receiving an indication of a part

52 to be deleted, out of a plurality of video object units that

53 are located at the front of a latter video object:;
54 a reading step for referring to the location
55 information in the seamless linking information and reading

56 the video object unit, out of the plurality of video object
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57
58
59
60
61

N L[ pe——

units in the following video object, in which the first
audio data sequence is located; and
a deleting step for deleting a plurality of video

object units, which correspond to the part to be deleted,

and the audio gap.
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