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FI ELD OF THE I NVENTION This invention relates to an apparatus and net hod
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bitstream for seanl ess reproduction to be stored in optical discs, 10 and a

recordi ng nedlunysporlng program run on the apparatus. BACKGROUND OF THE
| NVENTI ON DVD (Digital Video Disc) sits in the strongest l'imelight of late
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REPRODUCTION OF LTI-VERSION VIDEO IMAGES, AND
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5 MEDIUM STORING PROGRAM RUN ON THE APPARATUS

FIELD OF THE TINVENTION

This invention relates to an apéaratus and method for
creating film applications of a multi-version type and generating
bitstream for seamless reproduction to be stored in optical discs,

10 and a recording medium storing program run on the apparatus.

BACKGROUND OF THE INVENTION
DVD (Digital Video Disc) sits in the strongest limelight
of late among mediums for recording video works, such as films.
About three hours of video information can be stored in one DVD.
15 It is considered that the most suitable applications for DVD are
film applications of multi-version types in which a plurality of
video versions are managed together.
The film application of the multi-version type described
‘here includes various versfons, which have partiélly different
20 video or audio d§£a, of the same film. The various versions
include, fof example,_ versions with a viewing limitation

differently imposed on adults and children, versions with



here includes various versions, which have partially different 20 video or
audi o data, of the sane film The various versions include, for exanple,
versions with a viewing limtation differently inposed on aduits and
children, versions with di fferent canera angles, versions for theaters,
and yer si @bffénenti\camendcanylaeg, Vesivhswfog shehtarsj| emdppkrrsabnen fotrhe
users can select a desired version based on their tastes or circunstances

at hone. v ThiSadddetiigfi lWResURAlewingr ¥aeht Be£b1nnbppesStatebnySens, users
enabling the users to select a desired version at their discretion. It is

expected Loal SURCH | 1 AR LAl ONGepbibhe BUbbl A SitHedyPeraBted ber

appreci ated by the custoner. wever, creating such fi applications is

ot 20 e oS sERNC S, BB AR il oEPAE TR SLEPEA e,
encod%? ugggérests of users, enabling the users to select a desired version
at their discretion.

It is expected that such film applications of the multi-
version type would be appreciated by the customer. "However,
creating such film applications is not so easy. The producer is

10 expected to make enormous efforts which they have never
experieﬁced. In the DVD standard, video data is encoded ﬁnder
MPEG2 (IS013818), where MPEG is short for Moving Picture Expert
Group. The encoding of the video materials under MPEG2 goes
through a first path and a second path. In the first path,

15 characteristics are extracted from images every about 0.5 seconds,

~and ﬁarameters (e.g., quantization width) used for the compression
are determined. In the second path, the video data is compressed
using the determined paraﬁeters. This two-path system secures the
high quality of the created film applications. On the contrary,

20 it takes more than double the reproduction time of the film to
encode corresponding video data. Furthermore, the time taken for
the enéoding increases proportional to the number. of the versions
of a film to be encoded. This puts a heavy load on the

producer.

25 . The DVD standard defines an exclusive reproduction



MPE&R (1S013818), where MPEG is short for Moving Picture Expert G oup.
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contrary, it takes nore than double the Teproduction time of the film
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5 function, the entire wvideo data for each version need not be
encoded, but only different parts of video data are encoded. The
exclusive reproduction reproduction function is described below
with reference to FIGs.1l, 2A, and 2B.
FIG.1 shows two versions A and B recorded in a DVD.

10 Each rectangle in the drawing represents an image. The width of
each rectangle is proportionate to the.image réproduction time.
FIG.1 indicates that either of images 2 énd 3 is selected and
reproduced in the exclusive reproduction. Image 3, shorter than
image 4, is a part of image 4. In version A, wvideo data is

15 reproduced in the order of images 1, 2, and 4. In version B,
video data is reproduced in the order of images 1, 3, and 4.

'fIG.ZA shows a layout of DVD storing the images 1-4.
The present drawing shows that eéch of the images 1-4 is recorded
in consecutive sectors of the disc.

20 In addition to the images, the DVD shown in FIG.2A
stores reproduction route data set which indicates the
reproduction order of the images.

FIG.2B shows the contents of the reproduction route data
set. The present drawing includes reproductioh route data 1 and

25 2 which respectively indicate the reproduction orders of versions



function for the disc reproduction apparatus to prevent the encode tine

from i ncreasing. By using the exclusive reproduction function, the disc
reproducti on apparatus can sel ectively reproduce video data as specified by
t he user. Wth this 5 function, the entire video data for each version

need, not HearedcdedThdudi OBl Yeptbdeteddn Papparfuyi Pepréans Bhe ereddsive
The excl usive reproduction reproduction function is described below w th
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in a DVD. rectangle 1'nt awl ng represents an I mge.

nd cat e trartehrLHE P ERBb S e LOF SERPe  EREAGED TS tRE [n the

4 n Versi on A vPdedeRatibed AiPva.cshsERE TEOE HERRECTON ARRazaTis,
and 4. In version B, video data is reproduced in the order of images 1, 3,
and 45 FlGox thevexaluajvet reproyuctioni fgnehionnmyedee- datahaepdenekt be
drawi ng shows that each of the images 1-4 is recorded
encoded for each version. on the other hand, the exclusive
reproduction is accompanied. by disc seeks of a large scale.
Large-scale disc seeks stop the reading of data from the disc,
~reduce the rate of displaying image, and generate such big gaps as

10 can be detected with naked eyes in the displayed images while the
images should be displayed continuously.

The disc reproduction apparatus under the bVD standard
uses a seamless reproduction method to preveht the gaps between
display images by disc seeks.  Basically, for the seamless

15 reproduction, the dis; reproduction apparatus is provided with a
track buffer in which data is temporarily stored. During disc
seeks, the data stored in the track buffer is transferred to.the
decoder for video reproduction to secure video reproduction
without gaps.

20 For the seamless reproduction by the disc reproduction
apparatus, the address of each image on the disc is determined in
consideration of thé capacity of the track buffer. For example,
to prevent the occurrence of gaps between images 1 and 2, images

1 and 3, images 2 and 4, and images 3 and 4, the addresses of the

25 images 1-4 are determined so that each distance between each pair



I n consecutive sectors of the disc. 20 In addition to the

i mages, the DVD shown in FIG 2A stores reproduction route data set which
inditates the reproduction order of the images. FI G 2B shows the contents
of the reproduction route data set. The present draw ng incl udes

reproductbpninsyds idataijhsted 28 adcvhishice esperttheelcapatiiteaiof tthe track
reproduction orders of versions 3 A and B. The disc reproduction

appar at us,pegfprns the exclusive reproduction by reproducing the inages of
each version 1n accordance with the reproduction orders shown in FIG 2B. As
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On the other hand, the excl usive reprod ctionhis acconpani ed by di sg _seeks
of a Iarg%mE%%F%Pt to prevent disorder of synchronization from occurring 1n

5 the video or audio reproduction and to prévent reduction in the
display rate which would occur when video is synchronized with
audio.

The video and audio data are encoded and interleaved
into optical discs, the video data being encoded with the MPEG

10 method. The interleaving process introduced in the present
document generates digital data by alternately arranging 2KB-audio
and 2KB-video components. The generated digital data is called a
system stream in general. 1In the DVD standard, it is called a
video object. An arrangement of the audio and video components

15 Dbased on a certain rule is called an interleave structure.

According to general interleave structures of system
streams, the audio and video components are alte:nately arranged.
However, to prevent the synchronization disorder and the reduction
in the display rate, the interleave structure should be made

20 special.

That is to say, each systém stream should have dependent
relation between the preceding and succeeding system streams. For
example, an audio component which should be included in the
preceding.system stream. is included in the succeeding system

25 stream.



Large-scal e disc seeks stop the reading of data fromthe disc, reduce the
rate of displaying image, and generate such big gaps as 10 can be detected
wi t h" naked eyes in the displayed i nages while the inages shoul d be

di spl ayed conti nuously. The disc reproduction apparatus under the DVD

standard uses a sealnesprobpemdiictilan alseivikofiethofir £y ethat thegapprivdneeedn
di splay i mages by di sc seeks. Basically, for the seanless 15
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buffer in which data is fenporarily stored. During disc seeks, the data
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reproduction to secure video repro on W thou For

t he seam ess reprodyction b he .di s¢ .reproducti on_appar.atus, .t.he address
of each inmmge on th desEe?€1%Et¥9§ﬁ:%§? % °gBﬁ§Fd8Fa$i T, ARR - A28 Sﬁsof

the track buffer. For exangle, to prevent the occurrence of gaps between
i mges 1 adupIei hagedrtiahdyzamppdgesce-aapbinednayphaBestseang fromhghe
addresses of the 25 images 1-4 are determ ned so that each di stance
bet ween edt¢wpedint of total design, the producer need to perform the whole
processes of encoding and interleaving the video data.
A typical amendment from the viewpoint of total design
is to cut or replace system streams corresponding to a scene when
10 the size of the system streams exceed the capacity of DVD.
It will take an enormous time before a whole £film
application has been created for shipment if the encoding process
is repeated each time a trivial error'ié found from the viewpoint

of total design. This renders the production of a £film

15 application of the multi-version type unrealistic.

ISCL F_TH NVENTTI
It is therefore an object of the present invention to
provide an apparatus and method for creating film applications of
a multi-version type in which video data need not be encoded due
20 to minor corrections such as cutting or replacing system streams
corresponding to one scene, and a.recording medium storing program
run on the apparatus. |
The above object is achieved by a bitstream generation

apparatus for generating a bitstream including a plurality of



4 of images is adjusted in accordance with the capacity of the track
buffer. For achieving the seanl ess reproduction, it is also inportant to
prevent disorder of synchronization fromoccurring in 5  the video or audio
reproduction and to prevent reduction in the display rate which would occur
when vi deovigesysobheotszed bet btanddoinThr yvhdeemanilonudeocoddiagadesencatied
and interleaved into optical discs, the video data being encoded with the
MPEG 10  nBi bo€reamThRnleta®h be2\dPKh R AL SSompt{ OOMG€dal RrildtR PELSSAEr for
docunent generates digital data by alternately arrangi ng 2KB-audi o and -
2KB- vi deo ts, at | gifal ta.is. cal . %Hﬁ e

I n general .ggg?-ﬁgﬁﬁe%\/@jgf%%gg?dP%?tg:llgéégl ng Jgn %eghggge?tﬂ n At £ °28

arrangenenébg;iﬁhg 858%21%@9 X%dSEegggpg@egiaeo data; an audio encoder for

5 encoding a plurality of pieces of input audio inférmation to
obtain a plurality of pieces of audio data; a recording means for
recording the plurality of pieces of video data and the plurality
of pieces of audio data; a structure information receiving means
for receiving structure information which shows correspondence

10 between each of the plurality of video objects and each piece of
video data and each piece of audio data recorded in the recording
means; an editing means for editing reproduétion route information
in accordance with an instruction ffom an operator, the
repfoduction route information indicating a reproduction order of

15 the plurality of video objects when the information recording disc
is reproduéed by a reproduction apparatus; a correcting means for
correcting each piece of audio data corresponding to éach of.the
plurality of video objects in accordance with a limitation imposed
on each of the plurality of video objects dependent on the

20 reproduction order indicated by the reproduction route
information, the correspondence being shown in the structure
information; an interleaving means for dividing each of the
corrected pieces of audio.data and the plurality of pieces of
video data into blocks and interleaving the blocks to obtain the

25 plurality of video objects by arranging the blocks in accordance



15 based on a certain rule is called an interleave structure. According to
general interleave structures of system streans, the audio and video
conponents are alternately arranged. However, to prevent the

synchroni zation disorder and the reduction in the display rate, the

i nterl eaveishracpvedetbonideberubde 2fidspegenbrathay meahs fay, geaetnas;mtjem
stream shoul d have dependent relation between the preceding and succeeding
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t he precedlng system streamis included in the succeedi ng system 25 stream

5 Pég@éggﬁ ?%hgo&ggvgngggﬂgglbﬁ that the reproduction order of the

systen1str eterm advance. Al so, a once-determ ned

reproduct|on Sl %?t%pghe a ggggcgnstructlon, after corrections such as

5 cutting or replacing system streams corresponding to one scene are
performed, the correcting means corrects each piece of audio data
corresponding to each of the plutality of wvideo objects in
accordance with.a limitation imposed on each of the plurality of
video objects dependent on the reproduction order indicated by the

10 reproduction route information. By interleaving the above-
corrected audio data, each of the generated system streams have
dependenf relation between the preceding and succeeding system
streams. With this arrangement, the reproduction order of the
system streams can be changed as desired.

15 The bitstream can be generated reelecting the above
correction without encoding the video and audio information.

With this arrangement, it takes a short time before a
whole film appliéation hés been created by repeating partial
modifications and deletions of video daté from the viewpoint of

20 total design. This renders the production of a film application
of the multi-version type realistic for producers.

In the above bitstream generation apparatus, the
limitation imposed on each of the plurality of video objects
dependent on the reproduction order may be a limitation fequifed

25 to allow the reproduction apparatus to change, in reproduction,



As a result, when the producer of a filmapplication has 5 an urge to
partially anmend once-conbi ned system streans fromthe viewpoint of tota
design, the producer need to performthe whol € processes of encoding and
interleaving the video data. A typical anendnent fromthe viewpoi nt of

total desfgomiéné oviddo Wb aee aSyekeMyshesasbjeetr RSpANdi peetetarasaea
when 10 the size of the system streans exceed the capacity of DVD. It wll

take an e&?é?ﬁ&? it befiRbeean e Ebk%ggﬁz{éggﬁﬂéé}& hag RRARSST &Rt @4 L@

shi prment if e  encodi ng process IS repeat time atrivial error Is

found fro | ' f t.al I gn. This .render the-
productid§6£%$é€%§a¢§ﬁig]é?%nﬁﬁﬁé%%% %ﬁ%ogrtﬂgr F?°9§§r PSR%ngg% th: esd
unrealistig. DISCLOSURE OF THE I NVENTION It is therefore an object of the
" present iﬂgeﬁti%]ne?% ﬁﬂli'oﬁ%l%ndﬁﬁﬁa%tf?sé’ﬁ&tho@fﬁr Vades | PR $FF npnd
applications of a multi-version type in which video data need not be
encodetl d@@dPrgd t&heni ¢ Rlagksc thicotdies g¢Arasofuanphlesr piegraoifngudict data
streans corresponding to one scene, and a recordi ng nedium storing program
which corresponds to a next wvideo object.

With the above arrangement, the first correcting unit
cuts blocks located at the end of a piece of audio data
corresponding to a video object and adds the cut blocks to the

10 start of another piece of audio data which corresponds to a next
video object, each time the reproduction route information is
edited. This performs a process for preventing the reproduction
of video' data from delaying. As a result, even if the
reproduction route information is edited many .times, the

15 reproduction of wvideo data is not delayed and the seamless
reproduction is achieved.

In the above bitstream genefation apparatus, the
reproduction route information may include specification
information specifying the video objeEt and link information of

20 the next video object, the editing means may include a link unit
for setting the specification inforﬁétion and the link information
into the reproduct;on route information, and the correcting means
may include a second correcting unit for cutting one or more
blocks located at the end of a piece of audio data corresponding

25 to a link source video object which links to a plurality of link

9



run on the apparatus. The above object is achieved by a bitstream
generation apparatus for generating a bitstreamincluding a plurality of 6
vi deo objects to be stored in an information recording disc, the bitstream
- generation apparatus conprising: a video encoder for encoding a plurality
of piecesdestinptioni dtdeonbbfeatsoantioadiiagnthepbutabilbygkef tpi ¢hes start
vi deo data; an audio encoder for 5 encoding a plurality of pieces of input

audi o i nf gENBEHhEP pLecdl A M ahdillGaltat WhOEhPESELEsdN@UED A NrA1ity of
recording nmeans for recording the plurality of pieces of video data and the

pIuraIitylgﬁkp&ggg§n9£igﬂd?9dgatabagﬁggtucture I nformation receiving neans

for receiving structure infornatio Ich shows correspondence 10 between

each of ‘the plurality . .of .video objects _and each piece of wvideo data and.
each piece of audio%§§$ht 8c838¥8 AhTERESTER deﬁS S6cond’ coffectifg”unit

5 cuts blocks 1located at the end of a piece of audio data
corresponding to a link source videq object which links to a
plurality of 1link destination video objects and adds the cut
blocks to the start of other pieces of audio data which correspond
to the plurality of link destination video objects. This performs

10 a process for preventinglthe reproduction of wvideo data from
delaying. As a result, even if a video object links to another
video 6bject, the reproduction of video data is not delayed.

In the above bitstream generation apparatus, the
correcting means may include: a third correcting unit for cutting

15 one or mbre blocks located at the start of each piece of videb and
audio data corresponding to a link destination video object which
is linked from a plurality of link source video objects and adding
the cut blocks to the end of other pieces of video and audio data
which correspond to the plurality of link source video objects;

20 and a fourth correcting unit for cutting one or more blocks
located at the end of a plurality of pieces of audio data which
correspond to the plurality of link source video objects and have
been corrected by the third correcting unit and adding the cut
blocks to the start of another piece of audio data which

25 corresponds to the link destination wvideo object and has been

10



means; an editing neans for editing reproduction route information in
accordance with an instruction froman operator, the reproduction route

i nf ormati on indicating a reproduction order of 15 the plurality of video
obj ects when the information recording disc is reproduced by a reproduction

appar at us;cor T th ) e it ddlcafe@tiing dirgiach pi ece of audio data
correspondi ng to each of the plurality of video objects in accordance with

alimtation |nposedwgghea Re Of pl Vi deQ obheehs draengsnttRn
the 20 reproduction gre |?§#§Eﬂ(§¥f%%§éﬁé€§ re%roductlon route

i nformat i op,. f&&ﬁg;ﬁl UGN BT 00 SN0 106 SIEUTUYLE JRLETERL | Pl

an |nterleaV|ng e ng eac correc pieces of "au
the- bl ockeS T dringes Ie%fjna%le ) & i BLorab ¥ oty SRR (RESeo”
bl ocks in accordance 7
5 objects to a link-destination wvideo object. This performs a
process for preventing the reproduction of wvideo data from
delaying. As a result, even if a video object links to another
video object, the reproduction of video data is not delayed.
In the above bitstream generation apparatus, each of the
10 plurality of pieces of audio data obtained by the audio encoder
uniquely may include a reproduction start time and a reproduction
end time, the limitation imposed on each of the plurality of video
objects dependent on the reproduction order may be a limitation
required to allow the reproduction apparatus to change, in
15 reproduction, from one video object to a next vidéo object,
keeping a synchronization of a video display with an audio output,
and the correcting means may include an adjusting unit for, based
on a reproduction end time of a piece of audio data corresponding
to a video objecf, adjusting a reproduction start time of a piece
20 of audio data corresponding to a next video object.
With the above construction, the synchrohization between
the video and audio reproduction is kept even if the reproduction
order of the VOBs in the exclusive reproduction block is changed

after the elementary streams are generated.

11



with a predetermined rule; and a generating nmeans for generating the
bitstreamfromthe plurality of video objects and the reproduction route
infofmati on. Wth the above construction, after corrections.such as 5
cutting or replacing systemstreans corresponding to one scene are

per f or redgrRIAE DESCRIPTNONNMORNTHEODRRWINGBach pi ece of audio data

corresponding to each of the plurality of video objects in accordance with

a limtation inposed1ef 1e86Bw8f pEIGr-At AlddrvdRictiofeoradrecds #leneneantcyon
the reproduction order indicated by the 10 'reproduction route

i nformatiQn. _ . Vi aving the above- corrected audio data, each of
t he generggeglgﬁgtg%?é?éégﬁs have dependent rel ati on between the preceding

and succeedi ng syst treapns. Wth 1his arrangenent, _t i

order of the systenﬁgkiéghﬁggﬂﬁ BPTHANC &fygggfpédé €§u£SEH£§h5¥ lﬂaﬁﬁf
bi tstream can be generated reel ecting the above correction w thout encoding
the vi¥eolBn&tQBABE-i nformation. Wth this arrangement, it takes a short

time before a whole filmapplication has been created by repeating parti al
FIG.2B shows prior-art reproduction route data.

FIG.3 is a flowchart showing the whole process of
generating a video work in the present embodiment.
FIG.4A shows the construction of the authoring apparatus
10 in the present embodiment.
FIG.4B shows the construction of the elementary encode
unit 14 in the present embodiment.
FIG.4C shows the constrﬁction of the process management
unit 17 in the present éﬁbodiment.
15 FIG.5A shows encode parameters for video data
encoding.
FIG.5B shows encode parameters for audio data
encoding.
FIG.5C shows encode parameters for sub-picture data
20 encoding.
FIG.6A shows an illustrated composition of a
reproduction scenario after the first editing by the edit unit
15.

FIG.6B shows the reproduction order of each rectangle

25 in the illustrated composition of the reproduction scenario.

12



nodi fications and del etions of video data fromthe viewpoint of 20 total

design. This renders the production of a filmapplication of the

multi-version type realistic for producers. In the above bitstream

generation apparatus, the [imtation inposed on each of the plurality of
vi dep obj ects dependad. 6on shbesr eheodonténts osfletharbyxdiansi wd Hepioduction

required 25 to allow the reproduction apparatus to change, in

reproducth®8ck8 in fRe@ Ona M9 1 eChokod et Vb EeOoLpbi e%p.%hﬁc%lon

predeterm ned display rate, wherein the correcting neans includes:

a first

orrectlngcgﬁékégor cutting one or nore blocks |ocated at the end of a

pi ece of audio

ata corresponding to a video object and 5 adding the cut

bl ocks to the start ot her e of audi.o data which .corresponds to a
next vi deo obj ect. @ﬁ#h%@h 583% zﬁﬂﬂﬁﬁ%ﬁ €W§q§HQQ ﬁHﬁQQﬂéﬁ¥ﬁ?unlt

5 FIG.7B shows reproduction orders of VOBs in accordance

with the VOB connection relation information shown in FIG.7A.

FIGs.8A-8B show an illustrated composition of the

reproduction scenario being edited in the first editing by the

edit unit 15.

10 FIGs.9A-9D show an illustrated composition of the

reproduction scenario being edited in the first editing by the

edit unit 15.

FIGs.10A-10E show an illustrated composition of the

reproduction scenario being edited in the first editing by the

15 edit unit 15.

FIGs.11A-11B show a warning displayed during the first

editing by the edit unit 15.

FIGs.1l2A-12C show an ijillustrated composition of the

reproduction scenario being edited by the edit unit 15.

20 FIG.13 shows a management information pack with

reproduction control information written in the PCI packet.

FIG.14A shows management information packs

with

addresses written in the DSI packets after the first editing of

the reproduction scenario.

25 FIG.14B shows management information packs

13
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cuts blocks located at the end of a piece of audio data corresponding to a
vi deo obj ect and adds the cut blocks to the 10 start of another piece of
audi 0 data which corresponds to a next video object, each tinme the
reproduction route information is edited. This perforns a-process for

preventi ngdgbessenr @eueteAniaf thel 862 pdakatsi B¢FerdehdysB8ond efdtidg of
result, even if the reproduction route information is edited many tines,

the 15 regﬁgdygbkgﬁue£iéhdEgeﬁﬁggois not del ayed and the seamnl ess

reproduction I s achi eve € above bitstream generation apparatus, the
ecification informatio

reproduction route_JnfqQrmation, na incl ude

speci fyi ng the videéj%gﬂgbg%gﬁﬁ FPHE¥ﬂﬁPXFHﬁtPSneingBtﬁﬁg ﬁg%FaW§d§5°redp
obj ect, the editing,neans naé include a link unit for setting the _

speci fi catPoRePREGFAEEI BAT8REOTRES| LRKthAT BRRAFHAOANLEL 2t he reproduction
route information, and the correcting means nay include a second correcting
unit fr cutting ondIés.hdle showskvidecated audtibeedrticotazypiséreavs dmdiao
data corresponding 25 to a |ink source video object which links to a
pluralityvoB hifhkr the first editing of the reproduction scenario.

FIGs.16B shows video and audio elementary streams in a
VOB after the second editing of the reproduction scenario.

FIG.17A shows PGC information in which connection

10 information and access information have been written after the
first editing of the reproduction scenario.

FIG.17B shows PGC information in which connection
information and access information have been written after the
first editing of the reproduction scenario.

15 FIG.18A shows a VOB access table in which VOBs have been .
assigned addresses after the first editing of the reproduction °
scenario.

FIG.18B shows a VOB access table in which VOBs have been
assigned addresses after the first editing of the reproduction

20 scenario.

FIG.19A is a schematic representation of DVD in which
the bitstream for recording has been arranged after the first
editing of the reproduction scenario.

FIG.19B is a schematic representation of DVD in which

25 the bitstream for recording has been arranged after the second

14



9 destination video objects and adding the cut blocks to the start of
ot her pieces of audio data which correspond to the plurality of |ink
destinati on video objects. Wth the above arrangenent, the second
correcting unit 5 cuts blocks |located at the end of a piece of audio data

correspontddid iy aof | Fike SERPEEINEEES Mt &edridli ch 1inks to a plurality of
| i'nk destination video objects and adds the cut blocks to the start of

ot her pieces of audi t hi spANd 1t1Q Je r ald Lin
destination video ob?éggé20$ﬂ?gapg$#%fngﬂlgjggbrocé%%yfgéh%§%§gﬁé#ngﬁ%hghe
reproduction of .video data from delayi ng. a_result, even if.a video

by ect 1 e ReIiGEERRr S6PRRBTBLPEIRY FRtPE, ToUdHE P sty Y sthe:
del ayed. In_the above bitstream generation apparatus, the correcting neans
may i ncl uR4it YRk dlRorrecting unit for cutting

5 FIG.ZlA-shows interleaved VOBs after the first editing
of the reproduction scenario.

FIG.21B shows VOBs which have been subjected to the
transfer process after the first editing of the reproduction
scenario.

10 FIG.22A shows interleaved VOBs after the'second_editing
of the reproduction scenario.

FIG.22B shows VOBs which have been subjected to the
transfer process after the second editing of the reproductien
scenario.

15 FIG.23 shows a change of screens displayed in the
emulation by the player emulation unit 19.

FIGs.24A-24D are flowcharts of the procedures of the
elementary encoding by the elementary encode unit 14.

FIGs.25A-25E are flowcharts of the procedures éf the

20 editing of the reproduction scenario by the edit unit 15.

FIGs.26A-26D are flowcharts of the procedures of the
interactive control add mode by the system encode unit 16.

FIGs.27A-27B are flowcharts of the procedures of the
automatic generation of the sub-pictures and the. reproduction

25 control information by edit unit 15.

15



15 one or nore blocks |ocated at the start of each piece of video and audi o
data corresponding to a |link destination video object which is Iinked from
a plurality of link source video objects and adding the cut blocks to the
end of other pieces of video and audi o data which correspond to the

plurality of link souee 26 éeewabheel swcRerengf athe Hutbnii il GenGratiicn oF
cutting one or nore blocks |located at the end of a plurality of pieces of

audi o datatﬂ@iGBBCBBﬁﬁgeggg?hge§E?;gh“iﬁkh&%aEEdhl“k source vi deo objects

and have been correcte correcting unit and addi ng the cut

bl ocks to the start he | ece audi o, dat ich 25 corresponds t
the link destinati onqr{ﬁ(%%g oﬁf‘ggf’ a?ndgﬁﬁ ngﬁﬁ fbf,jl %Sorlf%%?%%s b§}1 geﬁﬁﬂ%d
correcting unit. Wth the above arrangenent, the third and fourth

corr ect i ngPBAFEES pRRTEPFIEEr P¥cERBnPEPEEES sBanagenehke iRt ke 1 nk

5 FIG.30A is a flowchart of the audio elementary stream
extraction process.

FIG.30B is a flowchart of the inter-VOB transfer
process.

FIGs.31A~-31B are flowcharts of the procedures of tﬁe VOB

10 table address assignment.

FIG.32A is a flowchart of the procedures of writing
information into the DSI packet of the management information
pack.

FIG.32B is a flowchart of the procedures of writing

15 conneétion information into the PGC information.

FIG.33 shows video elementary streams differently
generated based on the ON/OFF of the seamless flag.

FIG.34 shows a disc index.

FIG.35A shows a format of the video back.

20 FIG.35B shows a format of the audio pack.

FIG.35C shows a format of the sub-picture pack.

FIG.35D shows a format of the management'inforﬁation
pack.

FIG.36 is a schematic representation of the transfer of

25 video and audio packs in the disc reproduction apparatus.
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setting unit sets relation of a plurality of |ink-source video 5 objects
to a |ink-destination video object. This perforns a process for
prevehting the reproduction of video data fromdelaying. As a result, even
if a video object Ilnks to another vi deo obj ect, the reproduction of video
data i s noprgerays 2 erRR NRmDAMRYTat | on appar atus, each of
the 10 plurality of pi eces of audlo dat a obt al ned by the audi o encoder

uni quely may include 2 Loy ag,#ﬂ?g{%(zt a*;ﬁa(tﬁarﬁsand g E,Bg)hhﬁg gnd ki g,

‘the limtation inposed on e ity ‘of VI ects ependent

on the reproduct i rder he a |l tat nJr |red t aII w t he

epr oduct | BRPAFPLPAL HRE ( FOCRERHIS " 115 HeSeiPasl Brtay i
to a.next videq object, keeping a synchronlzatlon of a V|deo di splay with
an audi o oGFBUﬂngénd {Tihe E5PCELPAGTIMOAn S P RUthOTIAY RPN A dHitided
for, based on a reproduction end time of a piece of audio data
corresp%ndiﬁ@ot@lﬁevpbé@témﬁect adjusting a reproduction start tinme of a
pi ece 20 of audi o data corresponding to a next video object. Wth the above
construction, the syrtiapreral i desteibesnthe generation of video using the

authoring apparatus of the present embodiment.
Chapter 2 describes each component of the authoring
apparatus with reference to block diagrams shown in FIGs.4A, 4B,
10 and 4C.
Following are the contents of Chapter 2.
2.1: Internal Construction of Authoring Apparatus
2.2: Digital Interface
2.3: Record Unit
15 2.4§ Data Input Apparatus
2.5: ﬁlementary Encode Unit
2.5.1; Encode Parameters for Video Data Encoding
2.5.2: Encode Parameters for Audio Data Encoding
2.5.3: Encode Parameters for Sub-Picture Data Encoding
20 2.5.4: Elementary Encode Unit
2.6: Edit Unit
2.6.1: Reproduction Scenario
2.6.2: Scenario Editor
2.6.3: Generation of Sub-Pictures

25 2.6.4: Generation of Management Information

17



the video and audi o reproduction is kept even if the reproduction order of
the VOBs in the exclusive reproduction block is changed after the

el enentary streans are generated. 11 BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 shows prior-art reproduction orders of a plurality of video versions.

FI G 2A shoyg:appbteksamhnhgfehtotmatpl urality of images 5 in storage.
FI G 2B shows prior-art reproduction route data. FIG3 is a flowchart

showi ng t heqwhol g EEQﬁeEﬁceﬁe%Q%ﬁEtEQ @eﬁbéaglwr iR the present
enbodi nent. Fl G.4X shows the construction of the authoring apparatus 10 in

gggoggeseat eg@oﬂaggagmeﬁkcbﬁ§tshoms t he construction of the elenentary

2.8: System Encode Unit
5 2.9: Disc Format Convert Unit
2.10: Player Emulation Unit
2.11: Data Output Apparatus
2.12: Role of Each Element in Entire Process
Chapter 3 describes the operation of each component of
10 the authoring apparatus with reference to the flowcharts.
" Following are the contents of Chapter 3.
3.1: Operétion of Encode Control Unit
3.1.1: Management Control
3.1.2: video Encode Control
15 3.1.3: Audio Encode Control
3.1.4: Sﬁb—Picture Encode Control
3.2: Edit Unit
3.2.1: Route Add Mode
3.2.2: VOB Add Mode
20 3.2.3: Exclusive reproduction Block Add Mode
3.2.4: Route Change Mode
3.2.5: Interactive Control Add Mode
3.2.6: Synchronization Information Generate Mode
3.2.7: Reproduction Control Information Enter Mode

25 3.2.8: Generation of Sub-Pictures

18



unit 14 in the present enbodinent. FIG 4C shows the construction of the
process managenent unit 17 in the present enbodi nent. 15 FI G 5A
shows encode paraneters for video data encoding. FIG 5B shows encode
parameters for audio data encoding. FIG 5C shows encode paraneters for
sub- pi ct uSe 2d0&:a GEhevatddimef MaRaydmesitoin faamatildnustrated conposition
of a reproduction scenario after the first editing by the edit unit 15.

FI G 6B sh@us:t operitietl Gf Trdiedy MinRastentetirangl e 25 in the illustrated
conposition of the reproduction scenario. 12

3.3.1: Generation of VOB connection relation information
3.3.2: Process Management

5 3.3.3: Audio Extraction
3.4: Operation of System Encode Unit
3.4.1: Calculation of Transfer Amount
3.4.2: System Encode
3.5: Operation of Disc Format Convert Unit 18

10 3.5.1: VOB Mapping
3.5.2: Writing into DSI Packet
3.5.3: Writing into PGC Information
3.6: Operétion of Re-Editing Reproduction Scenario and Re-
Generating Bitstream for Recording

15 3.7: Conclusion

Chapter 4 provides notes for the description in Qhapters

1-3. Following.are the contents of.Chapter 3.
*note 1: Encoding with a Reduced Bit Rate
*note 2: Closed GOP

20 *note 3: Interleaving into VOBs
*note 4: VOBU
*note 5: PCI packet, *note 8: DSI packet
*note 6: Transfer Proce;s
*note 7: VOB Interleave with Interleave Units

25 *note 9: Bitstream for Recording

19



FI G 6C shows the contents of the exclusive reproduction block in the

Il lustrated conposition of the reproduction scenario. FIG 7A shows VOB
connection relation information. 5 FI G 7B shows reproduction
orders of VOBs in accordance with the VOB connection relation information
shown in khGtéA10R! G5 s@A18ReshOw an illustrated conposition of the
reproduction scenario being edited in the first editing by the edit unit
15. 10 ChEpPlr 93 PrWerdt | busriahed ongONBesi théN awfhdiing
reproduction scenario being edited in the first editing by the edit unit
15. FI Gs. 10A- 10E_shog Il ustrat I,tion of the reproduction
scenario t?&pr?dcag:&’lst é)\é'u ﬁ-‘glet & |ern§t %gnc}iﬁ%r{g% t; the 15 edit 5ni t 15.

FI Gs. 11A-11B sho ni ng di spl.ayed during the first editing by the edit
unit 15, M&& ACER PTG | 5 e conposition of the

5 The outline of the process is described in this chapter.
FIG.3 is a flowchart shqwing the whole process of generating a
bitstream which is to be recorded in an optical disc. 1In the
material collection process, materials of a picture title are
collected. In step S1, the producer records a video material in

10 the videotape by shooting at some location or the like. In step
S2, the producer records an audio material in the audiotape by
postrecording or the like. -In step S3, the producer manually
inputs the subtitle using a commercial graphics editor. The
subtitle is recorded in a magneto-optical disc.

15 The elementary encode prdcess is then performed. 1In
step S4, the produder manually inputs encode parameters using a
certain editor. The producer elementary-encodes the video
material, audio material, and subtitle material in accordance with
the manually input encode parameters to obtain digital data of the

20 materials. The obtained digital data is stored as an elementary
stream. In step S7, the producer agitates a scenario of
reproduction based on a roughly created continuity sketch.

In step S8 of the scenario edition process, the producer
uses a GUI to edit the scenario of reproduction for reproducing a

25 plurality of elementary streams.

20



reproduction scenario being edited by the edit-unit 15. 20

FI G 13

shows a nanagenent information pack wth reproduction control

information witten in the PCl packet. FIG 14A shows managenent i nformation
packs with addresses witten in the DSI packets after the first editing of-

the reproduction scensfd f/s%@m encode procEs& 14Ba1sboysl1smnage®iterleave

I nformation packs wth

addresses witten in the DSl packets after

the secondpedibiaq of i NecbppEaduct | on,seenayl ge BiGnkh eyt Alant oyl 1

of el emantgry streams store in‘res

12.

Ive rectories 1n the record unit
audi o

VOB af ter ERBTPAPSEUcAP: FHGCOFOTHEAFaBPoBRE: Fak oL daATERo LPEPCE. 2B shove

vi deo and audi o elenentary streans in a

10

.15

20

25

In the above process, audio elements and v1deo elements
are transferred to fill a gap between VOBs for a seamless
reproduction when. the VOBs are repréduced with the seamless
reproduction.

In step S10 of the format process, logical addresses on
a DVD are assigned to a plurality of VOBs and to the scenario of
reproduction to generate a bitstream which is to be stored in the
DVD.

The preview process is then performed. 1In step S14, it
is judged whether the size of the bitstream is within the capacity

of the DVD. If it is judged so, in step S11, the bitstream is

emulate~reproduced to preview the reproduction defined by the

scenario. In step S12, it is judged whether every scene from the
opening scene to the ending scene in the reproduction is
satisfactory. If it is judged so, the generated bitstream is
shipped to a factory for pressing the DVD. When it is judged as
negative in step S14 or S12, for example, when an NG scene is
detected, control goes to step S13. 1In step S13, the producer
agitates the scenario again by fetching an appropriate scene for
replacement from other elementary streams. Control then returns
to step S8. 1In step S8 of this round, the producer uses a GUI to

edit the scenario by replacing a defect scene to the fetched

21



VOB after the second editing of the reproduction scenario. FIG 17A shows
PGC information in which connection 10 information and access information
have been witten after the first editing of the reproduction scenario.

FI G 17B shows PGC i nformation in which connection information and access

informatiogclake begr wWikkberiabt 8teple afer Fepeditkind rebm B¢ epbeBooddc isiion
scenario. 15 FI G 18A shows a VOB access table in which VOBs

have been assigned adgdr esgwfﬂeelhottgg tt}hreasl':[ i%\?\}]tﬂehn%\y%et—%sr&&%%@ggioq{éss

scenario. FIG 18B shows accéss tab I N I'C s have been s1 gned
addr esses ter.the first editing of .the reproducti,on 20 scenario. FlG 19A
o e ehon b PECREEes HHEREE SR AR SO S PEOCARS 8 FTARFIRG, KRS (e
has been arranged after the first editing of the reproduction scenario.

FI G 19B ise&e§@9§ﬁﬁﬁi@nﬁéﬁﬁe§€ﬁF§§ﬁoﬁﬂﬁ=G@ﬂDﬁﬁ$tﬁﬁ!@WQE9QIR¥QQQ%ﬁrﬁ§9nqhﬂt

recordi ng has been arranged after the second
5 the preview process and the scenario edition process are feedback-

type.

That is to say, VOBs for seamless reproduction can be
changed or deleted from the viewpoint of total design. 1In doing
so, an appropriate VOB is fetched from other element streams.

10 With such a qonstruction, the bitstream is.genepated in accordance
with the re-agitated scenario without elementary-encoding the
picture twice.

: i £ horin
2.1: Internal Construction of Authoring Appgrgtus

15 FIG.4A shows the construction of the authoring
apparatus.

As shown in FIG.4A, the authoring apparatus is composed
of a digital interface 11, a record unit 12, a data input
apparatus 13, an elementary encode unit 14, an edit unit 15, a

20 system encode unit 16, a process management unit 17, a disc format
convert unit 18, a player emulation unit 19, and a data output
apparatus 20.

‘These components are used in the processes shown in the
flowchart of FIG.3. The data input apparatus 13 and elementary

25 encode unit 14 are used in the material collection process. The
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14 editing of the reproduction scenario. FIGs.20A-20E show an
iI'lustrated conposition of the reproduction scenario being edited in the
second editing by the edit unit 15. 5 FI G 21A shows interleaved
VOBs after the first editing of the reproduction scenario. FIG 21B shows

VOBs . whi clediavauhien 5ubseaked e the tsaasdero pé@ﬁes%raéégé.t hard 's¥stem
editing of the reproduction scenario. | G 22A shows

10 .
i nter | eaveshcdas @ierié hesSeeaRd ;adidnd %W+ 1€ A ERSQIHELEQDS SCERR 04 5
FFo TN aREPET A%

FI G 22B shows VOBs which have been subjected t r pfocess
the 5ecOn%c&QbEFEEnQErEhﬁnifpfgdfgtﬁéghE%ﬁ”%ﬂé(%brmat process. The player

emulation unit 19 is used in the preview process.
5 : Digital In face
The digital interface 11, being achieved by the
Ethernet, trénsfers digital data with a transfer rate of 100Mbps.
The digital interface 11 connects to the record unit 12, data
input apparatus 13, elementary encbde unit 14, edit unit 15,
10 system encode unit 16, process management unit 17, disc format
convert unit 18, player emulation unit 19, and data output
apparatus 20.
2.3: Record Unit
The record unit 12, being achieved by a hard disk
15  apparatus, stores several tens of Giga Bytes of digital data. The
digital data is managed by a filing system. That is, digital data
can be input or output in units of files or directories, the
directory being a group of files.
2.4: Data Input Apparatus
20 The data input apparatus 13 is achieved by a digital
magnetic tape apparatus and a magneto-optical disc drive apparatus
connected to the encode unit. The data input apparatus 13 fetches
digital video data or digi;al audio data from digital magnetic
tape loaded into the digital magnetic tape apparatus. The data

25 input apparatus 13 fetches digital sub-picture data being graphics
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15 FI G 23 shows a change of screens displayed in the enul ation
by the player emulation unit 19. FIGs.24A-24D are flowharts of the
procedures of the elementary encoding by the elenentary encode unit 14.

FI Gs. 25A- 25E are flowharts of the procedures of the 20 editing of the

repr oduct idertas diear io ragrdto-atitiaal tdike IdddeR Gt R enddrivedrasgtsi 1

t he procedures of the interactive control add node by the system encode
unit 16. Hise APAve7BppacathOWCcheids iof ttoh%agr,o?,ﬁéuagﬁaoin%@@ Ath u$ 13
generation of the sub-pictures and the reproduction 25 control T'n ornat{pn
by et ulieckve 1nto B Gut:shos Sl Uil dlor AT | SRS okl

of the VOB connection relation infornatio dwe
process ”%%ﬁgggegklmed and recorded for creation of an application. Here,

5 . the digital magnetic tape is typically Dl-type digital magnetic
tape; the digital video data is noh-compression YUV-type wvideo
information; the digital audio data is 16-bit PCM. audio
information; the digitai graphics data is TIFF(Tagged Image File
Format)-type data. The data input apparatus 10, in accordance

10 with instructions from the connected elementary encode unit 14,
reproduces the loaded digital magnetic tape or magneto-optical
disc to fetch digital data of audio, sub-picture, or video
information, and outputs the fetched diéital data to the connected
elementary encode unit 14.

115 2.5: Bl ntar n ni
The elementary encode unit 14, as shown in FIG.4B, is
composed of a video elementary encode unit 14a, an audio
elementary encode unit 14b, an audio'extraction unit l4c, a sub-
picture elementary encode unit 14d, and an encode control unit
20 1l4e. The elementary encode unit 14 also connects to a monitor and
" a keyboard.
The elementary encode unit 14 is achieved by a typical
personal computer and special hardware units added to the computer
with a dedicated boafd to encode video and audio data. A control

25 program and a program for encoding the sub-picture data are loaded
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process perforned by the process managenent unit 17. 5 FI G 30A
Is a flowchart of the audio elenentary stream extraction process. FlI G 30B
is-a flowhart of the inter-VOB transfer process. FlGs.31A-31B are
flowcharts of the procedures of the VOB 10 tabl e address assignnent..

FI G 32A isiatbl ehehpetrsehallheompateduyres of witing information into the
DSl packet of the nmanagenent information pack. FIG 32B is a flowchart of

the procedures of Wifidg charfed386} | @RcbREOr AR tOM 4 Ntxitdta iRy  fetches
i nformation. FI G 33 shows video el énentary streans differently géenerated

based F,of.th ; El.G.34 i ' .
PG S5A Shaug Tor Tio 1 PR Aiod  GheRy gTo’ dAAS Bl Ahe WifEa dnput

format of Lag.audlQ PRCk:El GRS AN DaBHILIRL Shphlon) Bl SR ina

5 compresses the digital video data with the MPEG method and
compresses the digital audio data with the AC-3 method. The
elementary encode unit 14 also compresses thé digital sub-picture
data with the run-length method.

For the purpose of differentiating digital data after

10 .= the encode process from that before the process, hereinafter, the
compressed digital video data is called video elementary stream,
the compressed digital audio data is called audio elementary
streaﬁ, and the compressed digital sub-picture data is called sub-
picture elémentary stream.

15 Now, the parameters input by the producer are described.
Note that typically, the parameters are input via the keyboard
attached to the elementary encode unit 14. It is needless to say
that text data generated by another external personal computer may
be input to the elementary encode unit 14 via a recording medium

20 such as a floppy disk.

: ﬁ l P r Vi ' E
FIG.5A shows a format of encode parameters for wvideo
data encoding. The encode parameters are classified into items
such as "data name," "start time code,"” "end time code,"™ "VOB

25 name," "number of voices," and "seamless flag." The elementary

25



FI G 35D shows a format of the managenent information pack. FIG 36 is a
schematic representation of the transfer of 25 video and audi o packs in
the disc reproduction apparatus. 16 DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS A DVD aut hori ng apparatus, as an enbodi nent of an apparatus for

recor di ng, entodesanited halegjariis RheeiiRico ff aHdhentirld I¥ramEters in the
description of the authoring apparatus is divided 5 into five chapters.

Chapter 1 destideb@aniRe 38ne it Ay W W RBritiendiid YdgibARRAIGHS Sin
of the present enbodi nent. Chapter 2 descrlbes each conmponent of the

aut hor | N9 APt ahss ¥ LapthREERER. O R1SEK ChaU ANy | EnEbEE- 6 eiBs

regards blank lines as pauses between the - continuous
5 reproductions. |
The "data name" is an identifier of a piece of digital
data to be fetched by the data input apparatus 13. The "start
time code"™ and "end time code" show a start point and an end point
of encoding of the digital data identified by the "data name."
10 The "VOB name" indicates an name of a system stream to
be interleaved by the system encode unit 16 which is described
later. It should be noted here that MPEG system streams are
called video objects (VOBs) in DVDs. Each DVD corresponds to one
scene in a picture and is composed of a video elementary stream,
15 audio elementary stream, sub-picture elementary stream, and
management information elementary stream, which is described
later, to bé reproduced in synchronization together which are
interleaved in the encode process.
The "number of voices” indicates the number of voices
20 interleaved in the VOB. The value is required when the maximum
bit rate of video data is obtained. Note that the number of
pieces of subtitle data is not set since the bit rate of the sub-
titles is small and the maximum number is determined to be 32.
The "seamless flag" indicates the VOB is reproduced with

25 the seamless reproduction. It should be noted here that the

26
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Foll owi ng are the contents of Chapter 2. 2.1: Internal Construction of

Aut horing Apparatus 2.2: Digital Interface 2.3: Record Unit 15 2.4:. Data

| nAput Apparatus 2.5: Elenentary Encode Unit 2.5.1: Encode Paraneters for

Vi deo Data Encoding 2.5.2: Encode Paraneters for Audio Data Encoding 2.5.3:

Encode Parsamidds fﬂzpﬁsm;&mmrﬁn@é@t&s\cadragraauatsoﬁ: il eddmfargagEncinle
Unit 2.6: Edit Unit 6. 1. Reproduction Scenario 2.6.2: Scenario Editor

Izhfbf’:rmﬁeg:ﬁfei‘;kgﬂrgﬁusﬂbgi CLAMESE 2D BefectEachaitioNnakelBraigaEntvith a
display rate of a plurality of images under a certain display
rate. Digital video data included in a VOB with this flag ON is

5 encoded with a reduced bit rate (* note 1).

Also, digital video data included in a VOB with this
flag ON is encoded so that all GOPs (Groups of Picture) are formed
as closed GOPs.

2 : En ram r r io D En in

10 FIG.5B shows a parameter table for audio data encoding.
The parameter table includes items "dafa name, " "start tiﬁe'code,"
"end time code," "VOB name," and "CH." The "data name" is an
identifier of a piece of digital data to be fetched by the data
input apparatus 13. The "start time codé" and "end time code"

15 show a start point and an end pdint of encoding of the digital
data identified by the "data name."

The "VOB name" indicates an name of a system stream to
be interleaved by the system encode unit 16 which is deséribed
later.

20 The "CH" indicates a channel number of a channel
assigned when déta is interleaved into a VOB. Up to eight
channels of audio data can be interleaved. As a result, any of
"0" to "7" is set in the "CH" item.

n Par rs for —Pi Da E in

25 FIG.5C shows a parameter table for sub-picture data
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2.7: Process Managenment Unit 2.7.1: System Encode Paraneter Ceneration Unit
2.7.2: Managenent Unit 2.8: System Encode Unit 5 2.9: Disc Format Convert
Ut 2.10: Player Enulation Unit 2.11: Data Qutput Apparatus 2.12: Role of
Each Elenent in Entire Process Chapter 3 describes the operation of each
conponent ghcddihBe auttn i e rARRAH Usapilbh igéBa@Ese iteride "dabschaaie., "
Foll ow ng are the contents of Chapter 3. 3.1: Operation of Encode Control

Unit 3.1 1insWRRAGBREDL:GRA! I Otar 1idme/ deReEncodeyfontonl zdBion Terti Adied

Encode Contr

10

15

20

25

Sub- Picfure Encode Confro 2. Edit Un
code,” "VOB name," "number of voices," and "seamless flag."

The "data name” is an identifier of a piece of digital
data to be fetched by the data input apparatus 13.
The "VOB name" indicates an name of a system stream to

be interleaved by the system encode unit 16 which is described

later.

The "synchronization | start time code™ and
"synchronization end time code™ show synchronization points in the
VOB.

The "CH" indicates a channel number of a channel
assigned when data is interleaved into a VOB. Up to 32 channels
of sub-picture data can be interleaved. As a result, any of "QO"
to "31" is set in the "CH" item.

Now, the construction of the elementary encode unit 14
is described with reference to FIG.4B.

: men

The video‘elementary encode unif l4a encodes input
digital video data to a video elementary stream with the MPEG
method in accordance with an instruction received from the encode
control unit 143} For this process, the encode control unit lde
specifies a bit rate. The video elementary encode unit 14a
encodes the data iﬁ accordance with the specified bit rate. The

encode control unit l4e also specifies whether to form all GOPs as

- 28



3.2.1: Route Add Mbde 3.2.2: VOB Add Mbde 20 3.2.3: Exclusive reproduction
Bl ock Add Mbde 3.2.4: Route Change Mdde 3.2.5: Interactive Control Add Mode
3:2.6: Synchronization Information Generate Mde 3.2.7: Reproduction
Control Information Enter Mode 25 3.2.8: Ceneration of Sub-Pictures 18
3.2.9: CGerdoakidGaHs Manfhenvitiebnielemntary3.elicdderaionlod Bheodes the
Managenment Unit 3.3.1: Generation of VOB connection relation information

3.3.2: Pragess iMhakeeFeRinde #ith3thAldispeitiacition.3. 4heRAARIPEOY will
Syst em Encode Unit
be described in Chapter 4.
The audio elementary encode unit 14b encodes an
5 audiotape of digital audio data to generate a primary audio
elementary stream with the AC-3 method in accordance with an
instruction received from the encode control unit 1l4e.

The audio extractionlunit l4c extracts a section from
the primary audio elementary stream, the section being specified

10 by the encode control unit l4e. The "extraction" here indicates
copying of a specified section from a file of digital data stored
in the hard disk apparatus into another file.

The sﬁb—picture elementary encode unit 14d encodes input
digital sub-picture data to a sub-picture elementary stréém with

15 the run-length methéd in accordance with an instruction received
from the encode control unit lde.

The encode control unit 1l4e controls a parameter
reception, an audio data encode, a video data encode, an audio
data extraction, and a sub-picture data encode, and performs a

20 management control operation for changing these operations.

In the management control operation, the encode control
unit 1l4e activates each control operation specified by the
producer via the keyboard.

In.the parameter reception control, the encode control

25 wunit 1l4e activates an editor, receives a keyboard input from the
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3.4.1: Calculation of Transfer Amount 3.4.2: System Encode 3.5: Qperation
of Disc Format Convert Unit 18 10 3.5.1: VOB Mapping 3.5.2: Witing into
DSl Packet 3.5.3: Witing into PGC Information 3.6: Operation of Re-Editing
Reproduction Scenario and Re- Generating Bitstreamfor Recording 15 3.7:

Concl usi onpEhanker 4oPreBALias é‘%&%aﬁt@{:ekh%a@@.%i“a‘ﬁd Ot dresheReebarhmdter
Fol | owi ng are the contents of Chapter 3. *note Encoding with a Reduced

B ooy PEBTEZiCHE S R ARLA, (ol 1L SBtLAGeAT! 2 VERS pidkEntry
note 7 Vgﬁcg eeUﬁi‘”iivtr‘iQé?rhﬁa%%cgﬁbﬁig an instruction to store an
encode parameter, the encode control unit 14e generates a
5 directory called PARAMETER in the record unit 12, and stores the
generated encode parameter under the geﬁerated directory. After
obtaining the parameter table, the encode control unit l4e reads
ail the VOB names shown in the table, regards these VOB names as
directory names, and forms a directory structure in the record
10 unit 12. For example, from the encode parameters shown in FIG.5A,
directories VdB #1, VOB #2, VOB #3, VOB #4, VOB #5, and VOB #6 are
generated.

FIG.24A is a flowchart of the management control

operation. The flowchart will be described in Chapter 3.
15 In the video data encode control, the encode control
unit l4e refers to the parameter table to determine digital data
to be encoded for each entry in the table, and determines a
partial section. In the example shown in FIG.5A, the encode
control unit 14e reférs to the first entry, determines, as an
20 extraction target section, a sectioﬁ specified by the start time
code and end time code for a piece of digital data called
"Vsamplel."™ The encode control unit l4e then instructs the data
input apparatus 13 to extract the digital data. After the data

input apparatus 13 outputs the digital data, the encode control

25 unit 1l4e inputs the digital data into the video elementary encode
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25 *note 9: Bitstreamfor Recording 19° *note 10: Disc Index Chapter 5
presents nodifications of the authoring apparatus of the present

enbodi ment. Chapter 1: Process Qutline 5 The outline of the
process is described in this chapter. FIG3 is a flowhart show ng the

whol e procegs tofigeneint which hiHeStdipintathi @htas ko demveatmdletnte an video

opti cal

disc. In the material collection process, nmaterials of a picture

title are S c r i dcalfildy.
10 the i doar ey B i e e e e P D b

pr oducer ri%oréies_,é%&%gi %?ggig{:i althien tJTq__; @gﬁé o&gp%aqéél}@t%ﬁﬁr(gcgésgégggﬂr dle

l'i ke.

In"Step

ucef manua I nput $°t he

conner0|aln%&%gh|c editor. The

5

10

15

20

25

r of voices, the number of sub-pictures and the seamless flag
specified in the parameter table. When the seamless flag is ON,
the encode control unit 1l4e specifies to form all GOPs as closed
GOPs. When the video elementary encode unit l4a outputs a video
elementary stream, the encode control unit l4e stores the wvideo
elementary stream in a directory in the record unit 12
corresponding to the VOB name in the parameter table, with the
same file name as the data name. In the example shown in FIG.5A,
data is stored in the directory "VOB #1" with the file name
"Vsamplel” from the first entry.

fIG.24B is a flowchart of the video encode control, The
flowchart will be described in Chapter 3.

In the audio data encode control, the encode control
unit 1l4e instructs the data input apparatus 13 to fetch all of the
digital aﬁdio data identified by the data name for each entry of
the parameter table, without specifying partial éections by the
time codes, in contrast to the video data encode control. That
is, in the example shown in FIG.5B, the encode control unit l4e
specifies outputting of digital audio data with data names
"Asamplel" and "Asample2." After the data input apparatus 13
outputs the digital data, the encode control unit l4e inputs the

digital data into the audio elementary encode unit 12c¢, in which

31 )
This Sheet Has Been RTlaced THIS SHEET HAS BEEN

R RerceD




subtitle is recorded in a magneto-optical disc. 15 The

el ementary encode process is then performed. 1In step S4, the producer
manual |y i nputs encode paraneters using a certain editor. The producer
el ementary-encodes the video material, audio material, and subtitle

mat eri al. ithed G adIC edit & hi Ehe oty intuitangadeopalefeneasyt G tiEam N
digital data of the 20 materials. The obtained digital data is stored as

an elenen&ﬂé’éﬂ{éﬁgncontf5isﬁﬁ%Fsz4e EESgQEOQHBebriﬁ&i Q%11 A S Lry

of reproduction based on a roughly created continuity sketch. In step S8 "of

t he scenariQ edition proces t he_producer. Uses t Q. edi h "eq?w

of reprodt? G 15 ?eﬁ?ﬁﬁﬁﬁ?ﬁ% én2§gﬁl Lﬁ'eéiolrt(€ %}aitgiazrreﬁ%gﬂykgtter %éaims. ¢
The system encode process. is also called the inter|eave process. n ste
S9, a pl uPame yags WienBtar paig eansth® FYdio data encode Sntrol" AP

5 activates the audio data extraction.

FIG.24D is a flowchart of the audio encode control. The
flowchart will be described in Chapter 3.
In the audio data extraction control, the encode control
unit l4e refers to the parameter table to fetch, as other files,
10 partial sections of the audio elementary stream on a hard disk
identified by the data name, start time code, and end time code
for each entry. The encode control unit l4e then stores the
fetched sections unider the directories specified by the VOB names
corresponding to the entries in the table. In case of the audio
15 elementary stream, eight audio elementary streams at maximum are
interleaved into the same VOB, unlike the video elementary stream.
As a résult, a sub-directory for audio data is created under a VOB
of correspohding VOB when the audio elemgntary stream is moved to
the record unit 12. Furthermore, a sub-directory for each channel
20 is created under the sub-directory for the audio' elementary
stream. As a result, the audio elementary stream is stored for
each channel. For example, the file path is described as "/VOB
#1/Audio/CHl1/ASamplel™ accordihg' to the file path description
format of UNIX.

25 In thé sub-picture data encode control, the encode
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reproduced in synchronization are interleaved into a VOB. In the above
process, audio elenents and video elenents 5 are transferred.to fill a
gap between VOBs for a seanl ess reproducti on when the VOBs are reproduced
with the seam ess reproduction. In step S10 of the format process, |ogical

addr esses cyhtrdVDuai@ absé JReFehrd atd! Whal | hiroheVEBS i d OtthiéE@flﬁ‘iﬁé’
of 10 reproduction to generate a bltstrean1mh|ch IS to be stored in the

DVD. The pyi@)4ie PEIESSStd SpbhehRRISL! %St&& tele hudggd nd,
paER B e Lol eng eHBERS anc

whet her the st ze o Itstreamis wt e capa

dged S h b t d t
or ovi ow t AESEERESR ERPoRS R thBAE %ﬁﬁ%‘é@%&? Bl g fﬁft?g Seited
whet h f h t th d t
e oS 400, Lo et T ) Gubas s e e B +0am

S shigped to a factory for pressing the DVD. Wen it is judged as 20
negati ve ienaQds Sgtuel Supitf drdeextmipies ®when ddgin@lscdakai gnto the sub-

picture data elementary encode unit l4e, in which the digital data
is encoded with the run-length method. The encode control unit
l4e then refers to the parameter table for the synchronization
time codes. The encode cpntrol unit l4e creates control déta with
10 a certain format. The control data, which allows the sub-picture
element stream to be displayed as specified by the synchronization
time codes, is added to the run-length-method data as headef data.
Also, the encode control unit 1l4e stores the sub-picture
elementary stream in a directory in the record unit 12 with the
15 same file name as the data name. Furthermore, a sub-directory is
created for eacﬁ channel under the sub-directory for the sub-
| picture elementary stream, in the same way as the audio elementary
stream. Accordingly, the sub-picture elementary stream is stored
for each channel. |

20 — FIG.24C is a flowchart of the sub-picture encode

control. The flowchart will be described in Chapter 3.
The following is the description of the other components

of the authoring apparatus.

: Edi ni
25 The edit unit 15, being achieved by a general-purpose
33 A~ _
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detected, control goes to step S13. In step S13, the producer agitates the
scenari o again by fetching an appropriate scene for replacenment from other
etementary streams. Control then returns to step S8. In step S8 of this
round, the producer uses a GJ to 25 edit the scenario by replacing a

def ect scarrrsanalhedmputiesdwith a scenaridhedstierefol ngdStEpG PESro6EREDicd,
fromstep S9 to S12. It -should be noted that in the above-described process

f1 owchart ,sddrmmsicanaprovedicsi @A PHhEELSELL e p@f&&ﬁé@ﬂo@e&ﬂ@ﬂbﬁ:ﬂ@n@'@gfﬂ%a&y
encode process and the system encode process and that 5 the preview process

and the sgipridr cdidy 55h£&0gﬁ§§ wpe. That is to say, VOBs
for seanl ess repnmhuxlon can be ¢ anggggor défeted fromthe viewoint of

r el ement
:‘5?'; 2erge5| gn. In .do' PHeSBai A" SRPECRY aaEc:et%CBc' 3 ];etpcr%egdra{cn{ o‘-£1nsotaheproducer

5 interface called GUI. The GUI helps the scenario editor interpret
instructions input by the producer via the mouse apparatus. Note
that the GUI and mouse are not detailed here since they are not
relevant to the present embodiment.  Generally, a GUI under
Windows (TM) for PC-AT compatible machines or a GUI under MacOS

10 (TM) for'personal computers made by Apple Inc. may be used.

The "reproduction scenario" is information indicating
the order of reproduction for one scene in a picture. The
scenario editor is an editor used for creating an illustrated
composition of the reproduction scenario.

15 . : ion ri

FIG.6A shows an illustrated composition of a
reproduction scenario described with the scenario editor. The
rectangles P #1-P #5 represent reproduction routes as minimum
units. Each line extending from these rectangles connects to one

20 or more ovals. The ovals represent VOBs and show the
corresponding VOB names inside themselves. Each line indicates
VOBs to be reproduced in the order, showing links between VOBs
from the viewpoint of reproduction.

When a line connects to ahother rectangle at the end,

25- it indicates that another reproduction route starts from there.
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10 Wth such a construction, the bitstreamis generated in accordance with
the re-agitated scenario wthout elenentary-encoding the picture twce.

Chapter 2: Construction of Authoring Apparatus 2.1: |nternal Construction
of Aut horing Apparatus 15 FIG 4A shows the construction of

the _aut h@hiendiapsamayualséscemeet i to Ryl d9avtbldh afdpye Spparataisud Sve
conposed of a digital interface 11, a record unit 12, a data input

appar at us rkprotiucliiENbabyk8NCodeadh t1ide AkRAHdidy trdm & FALYSbeMa
encode unit 16, a process managenent unit 17, a disc Tormat convert unit

18, a pl axel Gt koanuhlel 19ndaMdddata %p%oapeségggglgg- SHOESE are

conponents are ‘used in the processes shown in the flow

data i'nput I, s. 13_and, el enentary 25 encode unit 14 are used in the
STACCI A S tEL

material €O
5 In the illustrated composition shown in FIG.6A, each
rectangle connects to one or more VOBs to be reproduced'without
branches. The VOBs are reproduced in the order. Each route can
specify another route to be reproduced. For example, the
illustrated camposition shown in FIG.6A is interpreted as shown in
10 FIG.6B. In route P #1, VOB "V #1" is reproduced first, then VOB
"V #2." After the reproduction of route P #1, route P #2 is
reproduced.
The roﬁte P #2 includes exclusive reproduction route A
#1. The exclusive reproduction route is called an exclusive
15 reproduction block. A route selected in each exclusive
reproduction block is indicated by exclusive reproduction block
information storea in an intefnal. memory; FIG.6B shows the
contents. That is, in the route P #2, VOB "V 43" is réproduced
first. Then, in the exclusive reproduction route A #1, either
20 route P #4 or P #5 is reproduced. Returning to the route P #2,
VOB "V #5" is reproduced. The route P #3 is then reproduced.
2 2; nari i
The edition mode dealt with by the scenario editor is
classified into a route change mode, a route add mode, a VOB add

25 mode, an exclusive reproduction block add mode, and an interactive

_—
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edit unit 15 is used in the scenario edit process. The system encode unit
16 is used in the system encode process. The disc format convert unit 18 is
used in the format process. The player enulation unit 19 is used in the
preview process. 5 2.2: Digital Interface The digital interface 11, being
achi eved bpntirel Ealidrmedle. t rensfmystaiagid aloddatiz wisktld &ot rasias frepnoahe ttifon
100Mops. The digital interface 11 connects to the record unit 12, data

i nput appabates i3 Rl YERA Yrpatiectitd dden®flid. UnThe 1G0R18ddS MPdRMi S
encode unit 16, process managenent unit 17, disc format convert unit 18,

player e?g%%ﬁi?@fgnhgdlgregfﬁdgéigoﬁ &%t@@paﬁél 2Qyitedi RRE¥dhddtilon

The reco ei ng | eve ard dISk apparatus, “stores
several 808:0:6 02 i e ol il gg%%roa&ctm? £1 8k 2had*hBab® 1 PRALH Y
5 add exclusive reproduction blocks to an edited reproduction
scenario. Only VOBs with the seamless flags ON can be assigned to
the added exclusive reproduction blocks.

The interactive control add mode is used to add
information to a VOB in the reproduction scenario to achieve an

10 interactive control, which allows the edit unit 15 to generate
sub-pictures and management information.

The reference sign all in FIG.6A represents a tool box
for receiving a specification of an.operation mode of the scenario
editor. The tool box includes five edition modes respectively

15 represented by small images of an arrow, a rectangle, an oval, a
triangle, and a thunder. When the user clicks a mouse button on

a small image, the GUI program recognizes that the edition mode is
changed to the route change mode based on coordinate information

and an ON signal input from the mouse. Similarly, when the small

20 image of rectangle is entered with the mouse, the route add mode
- is activated. When the small image of oval is entered, the VOB
add mode is activated. when the small image of triangle is
entered, the exclusive reproduction block add mode is activated.
when the -smail image of thunder is entered, the interactive

25' control add mode is activated.
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can be input or output in units of files or directories, the directory
being a group of files. 2.4: Data |nput Apparatus 20 : The data
input apparatus 13 is achieved by a digital nagnetic tape apparatus and a
magnet o-optical disc drive apparatus connected to the encode unit. The data
i nput apparatus 13 fHiehesutik gchahgei slededanabllesditdid aiseridto dhtager dite
digital magnetic tape |oaded into the digital nagnetic tape apparatus. The

data 25 i aegkoaae&&@hU%c@nafﬁfoC%ﬂ OihakFI8UBADI Ctd® died BPA§JafBARYGES

23 data froma nagneto-optical disc |oaded into the magneto-optical disc

drive appahatlsson el dne WbE, ;5 giaér?s'gf’“{:h PRapabHgy & LSAES: dnlf ©
g? g % %I ﬁeg an% :

a multime ata generation appar I 'mages and voices’ _
Irgc;) ;glega F§ Bg‘itae%lpg{]rh?ép? agﬁﬁ&&:i;%% & n compoSJ_t5J_or§ hgarql %'et ‘%hanr{51 n(?t 'c Eto%pe
5 example, while the user holds down the rectangle of VOB V #1, the
selection state of the rectangle continues. By dragging and
releasing the rectangle between the rectangles of VOB V #7 and VOB
V #8 on the line of route P #4, the rectangle of VOB V #l1 is
inserted there. At the same time, the rectangle is deleted from
10 the original position.
After the above operation, the scenario is changed so
that after the reprpduction of VOB V #1 in route P #1, route P #2
is reproduced. And in route P #4, the VOBs are reproduced in the
order of V #7, V #1, and V #8. When the user presses the delete
15 key on the keyboard while any of the rectangles, ovals, and
triangles is selected, the selected one is deleted from the
route.
Similarly, in the route add mode, a new route is added
to the scenario shown in FIG.6A at a position specified with the
20 mouse.

- Similarly, in the VOB add mode, a new VOB is added to
the scenario shown in FIG;GA at a position specified with the
mouse. o

Similarly, in the exclusive reproduction block add mode,

25 a new VOB is added to the scenario shown in FIG.6A at a position
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tape; the

digital video data is non-conpression YUV-type video information,;

the digital audio data is 16-bit PCM audio information; the digital

graphi'cs d
appar at us
el enentary
magnet o- op
informatio
el enentary
encode uni
encode uni
unit 14c,
unit 20 14
keyboar d.

ata is TIFF(Tagged Image File Format)-type data. The data input
10, in accordance 10 wth instructions fromthe connected

dq ginili tHA tHee mogdeces the | oaded ‘digital nmagnetic tape or
tical disc to fetch digital data of audio, sub-picture, or video

encode unt P9 £PRSESE 0 by T 1B E’ﬁ’ﬁ%‘%ﬂgcg fom in fpe
14 h G4 d, of
e ¢ el AT 27 o e S O oA S BHBEBRS 2 on

a sub plcture elenentary encode unit 14d, and an encode control

s Jply QLA LAN Qe YD TGLULLS,| S0 connects to a nonitor and a
The el ementary encode uni t 14 I s achieved by a typical personal

conput ef and speci al Farthwasabopictunddgenevaticn epenatdon, the sub-picture

10

15

20

25

elementary streams related to the interactive reproduction are
generated to be interleaved into VOBs.

The sub-picture generation operation is shown in the
flowchart of'FIG.27A and will be described in Chapter 3.

: Gen lio M n nform

In the management information generation operation, the
management information elementary streams are generated to be
intefleaved into VOBs.

The management information elementary stream includes
the following information in time series: altransfer rate required
to reproduée the video, audio, and sub-picture data for about 0.5
seconds; a transfer rate required for each of the wvideo, audio,
and sub-picture stream; management information for specifying a
buffer size. The present flowchart describes an interactive
reproduction control which synchronizes with the images; voices,
and sub-pictures with the time accuracy of about 0.5 seconds,
where reproduction control information for achieving the
interactiveness is included in the management infofmation'
elementary stream.

The management information generation operation is shown
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with a dedicated board to encode video and audi o data. A control 25 program
and a program for encoding the sub-picture data are | oaded 24 into the
personal conputer. The el ementary encode unit 14 selectively fetches

digital video data or digital audio data fromthe data input apparatus in
accordancenwthke favechtets ofnPdG.RYBt hadpwadldcee, desdribednineShaptere 3.
digital video data with the MPEG net hod and conpresses the digital audio

data w thathe #EodeBBt MAdagemEhe ghﬁgpntary encode unit 14 al so conpresses
the digital sub-picture data wth the run-length nmethod. For the purpose of
oo el 0, ) Sl PR Setelnsle SAER P IESEESE (2L UGS,
el ement Ay Shhga chU%ERLBY S56Y, 9105 5 BIL 488815, SahLEE AHEL fatson
5 elementary streams are interleaved in synchronization with the
completion of the reproduction scenario edition by the edit unit
15.
The construction of the process management unit 17 is
shown in FIG.4C. As shoﬁn in the drawing, the process management
10 unit 17 is composed of a system encode parameter generation unit
17a and a management unit 17b.
2 : E Par ion
The syétem encode parameter generation unit 17a
generates VOB construction information and VOB connection relation
15 information as parameters used for the system encode. The VOB
construction information shows what elementary streams make up a
VOB as a system stream. This information is used by the system
encode unit 16 when it performs interleaving. The VOB
construction information is generated from the directory/file
20 construction under VOB directories stored in the record unit 12.
That is, each elementary stream under each VOB directory is each
elementary stream making up each VOB. The VOB connection relation
information specifiés a VOB related to the seamless reproduction

and shows the VOBs before and after the present VOB. The VOB

.25 connection relation information is used in the transfer process
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stream and the conpressed digital sub-picture data is called sub- picture
el ementary stream 15 Now, the paraneters input by the producer
are described. Note that typically, the parameters are input via the.
keyboard attached to the elenmentary encode unit 14. It is needless to say

t hat . t ext wlath gsnpeafedmey apnoehablextkenakeapdessnakepcodpatéontay The VigBut
to the el enentary encode unit 14 via a recording nmedi um 20 such as a fl oppy

di sk. 2. 5cénnbetede Paeaartiens fafoYmdeaobat asEngedergtElG bassdowsna the
format of encode paraneters for video data encodlng The encode paraneters

are ol asstbbedahBteoh! §EBnaLSk Pacoddbd PAMEne, 18Larh Lhgk gode ' "end time

code, " " name v0|ces "seanm ess flag.” The

elementary 25 Sulpfd 14 ¢RBEE! the d§'€8t efg%:?r[atwg? the VOB connection

5 relation information. As shown in the drawing, the data format is
represented as a table.' The table includes columns "VOB," "pre-
connection type," "pre-connection VOB," "post-connection type,"
"post-connection VOB;" and "interleave flag."

The "VOB" coiumn shows VOB names belonging to a node.

10 The node is an idea representing a group of VOBs. Some nodes may
include one or more VOBs in common, others may notf As a result,
a plurality of different pieces of VOB connection _relaﬁion
information for respective nodes may include the same VOBs in
common. Needless to say, in this case, the same VOB is reproduced

15 more than once.

The "pre-connection type" column shows the connection
relation between the present VOB and the preceding VOB(s). The
connection relation is divided into SINGLE and MERGE. FIG.7B
shows the VOB connection relation information for the reproduction

20 scenario shown in FIG.6A. According to FIG.7B, VOB V #4 is
reproduced after either VOB V #8 or V #10. That is, two VOBs in
the exclusive reproduction merge into VOB V #4. Accordingly, when
the present VOB has two preceding VOBs; the column shows MERGE;
when the present VOB has one or no preceding VOB, the column shows

25 SINGLE.
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encode unit 14 regards the order of the encode paraneters in the encode
table as a tenporary order of continuous reproductions in a seam ess
reproduction. Also, the elenmentary encode unit 14 regards blank 1lines
as pauses between t he continuous 5 reproductions. The "data name" is

an identifier of a pirpeerpredtghhétt et 7O kolumincEROwSYLHd riaiealing VOB.
apparatus 13. The "start tine code" and "end tine code" show a start point

and an endypghnt cRE GHEONAhALeidle diyid Al sIaiERbEEN! Ld ebdBmie iR a

nane. "VOB nane" cates an name of a system stream
to be |nter eav %hg ﬁésten1encode unit 16 which is described | ater.

It shoul d Be® éEYhS 9 { MPEG system streans are VOB cal | ed video

obj ects (VEBS) in DVDs. Each VOB corrqagfnds,;o one scene in I cture an

i's conposed of a vi dd®%l BRERTSPYEFTE Baws ERE RIRSHS %trteé'grihl

sub-picture elenmentary stream and nmanagenent information el enentar
st r eam5 whbehweendeshe | beesente VOB and tBEr AeKtedVPR (8) nchrBRf z&ORFFCTion
t oget her which are

relation is divided into SINGLE and BRANCH. The SINGLE here is

the same as the pre-connection type. VOB V #3 in FIG.7B is
defined as BRANCH. That is, a VOB before the exclusive
reproduction is defined as BRANCH.

10 The "post-connection VOB" shows the next VOB. When the
post-connection type is BRANCH, the column shows a plurality of
VOBs.

The "interleave flag" column indicates whether the
present VOB is reproduced in a VOB interleave (*note 7). In the

15 case of the VOB interleave, the VOB is divided into a plurality of
interleave units when it is recorded in a disc. The flag is set
to ON for the VOB connection relation information in an exclusive
reproduction block.

FIG.28 shows a flowchart of generating the VOB

20 connection relation information from the reproduction scenario.
The flowchart will be described in Chapter 3.

; Man n i
The management unit 17b controls the entire process
management unit 17. The management unit 17b also controls the

25 system encode unit 16, disc format convert unit 18, and data
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interl eaved in the encode process. The "nunber of voices" indicates the
nunber of voices 20 interleaved in the VOB. The value is required when
the maxi mnum bit rate of video data is obtained. Not e t hat the nunber of

pi eces of subtitle data is not set since the bit rate of the sub- titles is

smal | and ddepu@xiapparatizer 205 detos Mesedivinge &2. ifwrrirednesrbmagthe
I ndi cates the VOB is reproduced with 25 the seanl ess reproduction. I t

shoul d be M&&%ﬁ{?ﬁé%afﬁ'e 26he mARAGERSNE SPmRLUC i if@féﬁéest@ the

reproduction I n gaps I n the reproduction cannot be detected with

e e .
ﬁggﬁgggdw1$£§§aé£§kﬁéﬂ1qgﬁtg at%hg tggéora V4 figghduc iégjogéggoogaeaBs for
5 +the seamless reproduction has been changed by the edit unit 15.
Synchronization between images and voices will go out of
adjustment due to the difference between the sampling rates of the
image and voice if the order is‘changed. The reason for this will
be explained later in Chapter 3 in relation to the audio

10 extraction process. When judging that the temporary reproduction
order of VOBs has been changed, the management unit 17b instructs
the audio extraction unit 14 to extract the certain section again
in accordance with the changed reproduction order. After the re-
extraction by the audio extraction unit 14, the ﬁanagement unit

15 17b instructs the system encode unit 16 ‘to interleave the
extracted audio elementary stream, the wvideo, sub-picture, and
management information elementary streams in one VOB. After the
system encode process, the management unit 17b instructs the disc
format convert unit 18 to generate a disc image.

20 FIG.29 shows a flowchart of the process management
process performed by the management unit. The flowchart will be
described in Chapter 3.

2.8: En 13)
The system encode unit interleaves the wvideo, audio,.

25 sub-picture, and management information elementary streams into
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flag ON is encoded so that all GOPs (G oups of Picture) are forned as
closed GOPs. 2.5.2: Encode Paraneters for Audi o Data Encodi ng 10

FI-G 5B shows a paraneter table for audio data encoding. The paraneter table
includes itens "data nane," "start tinme code,” "end tine code,” "VOB nane,"
and "CH " ohRevoBatia R/ rdafce witdhidyistlim @ncddel et atletdrd l@hetdited &
be fetched by the data input apparatus 13. The "start tinme code" and "en

oSStk BRI AL A e BB, i

a nane. nane' I cates an
nanme of a s emstreamto be interl eaved, t.he system encod it 16
MOl o BRI EL o | SPEER 88cb8e T TS SpRed I SRR 0O Mkl mrgsent

nunber of a_channel assigned when data is interleaved into a VOB. Up to
ei ght chanfEPeddmeRtdis Favadesh ipEo ft &irdty 8§298s 3R s FRCONghPtdge-0" to
"7" is set in the "CH item 2.5.3: Encode Paraneters for Sub-Picture Data
Encodi ng The first stage is performed to secure the seamless
reproduction. In the first stage, the video and audio components
transferred between continuously reproduced VOBs are identified
and the transfer amount is calculated. In the present embodiment,
the "component“ is used as unit data to be stored in 2KB-packs.
10 A "component" is also called a block. With regard to the reason
why the components need be transferred between VOBs, refer to
*note 6 in Chapter 4.
The second stage is performed to system—encode each
elementary stream in accordance with the VOB construction
15 information and the transfer amount calculated iﬁ the first stage
as parameters to generate the system stream.
2.12: Disc Format Convert Unit
The disc format convert unit 18 generates the disc image
in accordance with an instruction from the management unit 17b.
20 The "generation of the disc image" indicates that the reproduction
scenario edited by the edit unit 15 and the VOBs interleaved by
the system encode unit lé are assigned logical addresses on the
DVD area, and that the bitstream for recording (*note 9) is

generated.

25 The information storage area on DVD is achieved on a
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25 FI G 5C shows a paraneter table for sub-picture data 27

encodlng The paraneter table includes itens "data nane,”
“synchroni zation start tine code," "synchronization end tinme code," "VOB
name, " "nunber of voices," and "seanm ess flag." The "data nanme" is an

I denti fi espbkad pteaekoffdrgbdaliﬁ déhe t dilbectaébnhedrbi t ibedatenteput to
épparatus 13. The "VOB nane" indicates an nane of a systemstreamto be

I nt er | eavedrbymifeeehrel. em eneodsisdi ttckimathi ebniértesstiitbeds! ahetputde the

synchronlzatlon start tlne code” and 10 "synchronlzatlon end
time COde QE% &F} H?:' §chNthBeydEB: addecntd re
channel channe |gneghmhen gata ?gi?nter eaveéplnto a Vi
Up to 32 SQQESSLQ addresses on the spiral track.
5 .The "disc index™ (*note 10) is information including the

reproduction scenario edited by the edit unit 15.
Pl r lati
The player emulation unit 19 receives the bitstream to
be recorded into the DVD disc from the disc format convert unit 18
10 and temporafily reproduces the bitstream by emulating the
reproduction function of the disc reproduction apparatus.
2.,14:; r
The data output apparatus 20, connected to a tape deck,
records the input digital data into digital magnetic tape. as a
15 result, the bitstream to be recorded into disc generated by the
disc format convert unit 18 is eventually stored in the magnetic
tape by the data output apparatus 20. The finished bitstream for
recording is fetched from the authoring apparatus and shipped to
the factory for pressing the DVD. 1In the factory, the bitstream
20 is converted to a physical data sequence. The physical data
sequence include volume data with ECC (Error Check Code), Eight-
to-Sixteen conversion, data in the lead-in area and lead-out area.
A master DVD disc 1is produced by using the physical data
sequences. Then, DVD discs as the copies of the master DVD disc

25 are manufactured by using a pressing machine.
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of sub-picture data can be interleaved. As a result, any of "0" 15 to "31"
Is set inthe "CH item Now, the construction of the elenentary encode
unit 14 is described with reference to FIG 4B. 2.5.4: Elenentary Encode
Unit The video el enentary encode unit 14a encodes input 20 digital video

data to a vi deo el ergwiiventishatatbDwinahufhetiiPiogmmhbhdnes aegobeansednifior
an instruction received fromthe encode control unit 14e. For this process,

the encodpaf@Phéhring {tHSQIRRAJIRT rucdtied bID.: excEBe Wi PaetebFmapigaical
encode unit 1l4a encodes the data in accordance with the specified bit rate.

Ihe 25, Po8ts Sakentabiid: i N Lan ey RELIEEOILALT Bk CR Bt
in accordggcghxgtgaéﬁgﬁ’s egggé(ggfe%ntoT %i%L%%eﬁa£§§3M£'énd Hiroji Ogawa:
5 Compact Disc Dokuhon, Ohmu Ltd. and Applied Physics Society Optics

Meeting: Optical Disc System, Asakura Shoten.

15: R f Each ement i nti cess
Each component element of the authoring apparatus is
described above. Now, the roles.of such component elements in the
10 entire process shown in FIG.3 are described. In the elementary
encode process of steps S4 to S7, the producer generates encode
parameters using a keyboard attached to the elementary encode unit
14. By referring to the parameter table, the producer obtains
information on the parts to be encoded among the video, audio, and
15 sub-picture materials and also obtains informatioh on the video
information that may be included in the seamless reproduction.
When instructed to start encode, the elementary encode unit 14, in
accordance with the generated encode parameters, instructs ;he
data input apparatus 13 to reproduce the video, audio, and sub-
20 picture materials from the external magnetic tape or magneto-
optical disc. The elementary encode unit 14 then encodes the
reproduced materials to generate video, audio, and sub-picture
elementary streams, respectively. The video information that may

be included in the seamless reproduction is encoded with a reduced

25 Dbit rate. The encoded elementary streams are stored in the
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be described in Chapter 4. The audi o el enentary encode unit 14b encodes an
5 audiotape of digital audio data to generate a primary audi o el enmentary
sttreamwith the AC-3 nethod in accordance with an instruction received from
the encode control unit 14e. The audio extraction unit 14c extracts a
section franarehecpiesnin aud eeeladenhdry 19t,ream the section being
specified 10 by the encode control unit 14e. The "extraction" here

i ndi cates copying of i, SRR 'seedrSeRs | Serdd B 2diltli®nObrabess ! L@ sdutied
in the hard di sk apparatus’into another file. The sub-picture elenentary
encode uni d C Lpp Laital -plctu t b pict

el enent ar yhsst£ %egﬁ?‘vmﬁgﬁfiépt E%e%%ﬁt%’ngat%#)neﬁ%dgﬁﬁggkggrgg?]%%élvme (?jhi?al#{ﬁ 15
i nstruction receiv fromthe encode control unit_14e., The,,encode contr ol
it 14 O PORE ERaPERRREro GE AT HUCHE S L o At OTh RAGHRP Stath
encode, an audi o data extraction, and a sub-picture data_ encode, and

per f or n8 aPA@LdddddemtVeRht ol wiabek athenseenlengRgprfigShrude BgcdHiviethare

determined, and the reproduction control information for achieving

the interactive operations in the reproduction by the reproduction
apparatus is also set. When all the editing processes are
complete, a GUI is used to store the generated reproduction

10 scenario in the record unit 12. The sub-picture element stream
and management information element stream are also generated as
the reproduction control information is set. These elementary
streams are stored in the VOB directories in the record unit 12.
In addition, the encode parameter table is updatgd.

15 In step S9 of the system encode'process, the producer
activates the process management unit 17 by inputting instructions
to the keyboard attached to the process management unit 17 to
generate system encode parameters before the system encode.

The system encode parameters include the VOB

20 construction information and VOB connection relation
information. |

After the system encode parameters are generated, it is
checked whether the temporary reproduction order of VOBs for the
seamless reproduction, which has been made with the encode

25 parameters, has been changed. When it is Jjudged that the
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I n the managenment control operation, the encode control unit 14e activates
each control operation specified by the producer via the keyboard. In the
par améter reception control, the encode control 25 unit 14e activates an
editor, receives a keyboard input fromthe 29 producer to obtain a

paraneter tabberaayd reprodncitiond draEe! dast Miled idhatiyed)t & Rt 'Y dHiUn
i1Tustrated) 1n the el enentary encode uniit 14. Also, on receiving an

i nstructi oggt %J?tgﬁ&i@“efeﬁﬁggégg%%\%%éh _itshe%ﬂ'fé)é‘@e&‘)& 59h 4ql tacéﬁﬁ:dance

generates a 5 directory ca Rin the record unit 12, and stores

bt ani ng PRET AP rBRbgay) EertRHSEHISR. SR 0, Rrb9EhE Murftticdinizgpion

VOB nanes ;homm in the table, regards these VOB nanmes as directory nanes

and forms REHWeSR okBages ueRGr YIFehefFeRogPing out of adjustment. The

5 management unit 17b instructs the system encode unit 16 to
interleave thé extracted audio elementary stream, the video, sub-
picture, and management information eleﬁentary streams in one
VOB.

In the system encode process, the transfer amount of the

10 VOBs for seamiess reproduction is calculated and VOBs are
geherated based on the calculated transfer amount.

In the calculation of the transfer amount, it is judged,
in accordance with the VOB conﬁection relation information,
whether the audio component and video component of the end of a

15 VOB need be transferred to the start of .the next VOB. When it is
judged so, the transfer amount of the audio component, and video
component if necessary, of the end of the VOB is calculated.

After the transfer amount is calculated, a system stream
is generated by interleaving necessary elementary streams in

20 accordance with the VOB construction information and the
calculated tiansfer amount.

In step S10 of the format process, the producer
activates the system encode unit 16 by inputting instructions to
the attached keyboard to generate parameters used for generating

25 the bitstream to be recorded into a disc. More particularly, the
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10 wunit 12. For exanple, fromthe encode paraneters shown in Fl G 5A,
directories VOB #1; VOB #2, VOB #3, VOB #4, VOB #5, and VOB #6 are
generated. FIG 24A is a flowhart of the managenent control operation. The
flowmchart will be described in Chapter 3. 15 In the video data

encode cofrcducdrh@epReades;onhr abcobdandd ewi e etflte t fep NEIREE POkt StehPl 6,
to deternine digital data to be encoded for each entry in the table, and

det erm “e%a&a?c@ﬁéx%' whSeh! 9Rdi ?{:Q ¥88s fé‘:?péc}?esﬂrt%‘“l ﬂé%n?eb* tﬁ'@t@f“’@ﬂ@

control t 14e refers to t Irst entry, termnes, as an

N %95{1% PR (B ﬁﬁ#ﬂieéﬁggaﬁ%

control unit 14e then instructs the dat npu parat 3 13 to extract t he
digital ddti VAR%estorediirat ﬁpaﬁcaﬁﬁambsl 31 WAETREIanEE dFhFR athgagata

the encode control 25 wunit 14e inputs the digital data into the video
el emenfar yslemi@argofor DVD and generates the bitstream. In doing so, the

VOBs for the VOB interleave are subjected to neceséary processes
in accordance with the parameters.
The preview process is then performed. In step S14, it
is judged whether the size of the bitstream is within the capacity
10 of the DVD. If it is judged so, in step S11, the player emulation
unit 19 emulate-reproduces the bitstream to preview the
reproduction defined by the scenario. 1In step S12, it is judged
whether every scene from the opening scene to the ending scene in
the reproductioh is satisfactory. If it is Jjudged so, the
15 generated bitstream is shipped to a factory for pressing the DVD.
When it is judged as negative in step S14 or S12, for
example, when an NG scene is detected, control goes to step S13.
In step S13, the producer agitates the scenario again by fetching
an appropriate scene for replacement from other elementary
20 streams. Control then returns to step S8. In step S8 of this
round, the producer uses a GUI to edit the scenario by replacing

a defect scene to the fetched scene.

rati E Compon
1: rati n r ni
25 The encode control unit performs a management control,
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Substitute sheet - 11 Septenber 1998 unit 14a, in which the digital data is
converted into a video elenentary stream In doing so, the bit rate is also
specified. As described earlier, the bit rate is cal cul ated based on the
nunber of voices, the nunber of sub-pictures and the seam ess flag 5

speci f i edviidebhenadereteiti@b) eaudVbernideeles ecaoitassl f | agb+piblurthenecisde
control unit 14e specifies to formall GOPs as closed GOPs. Wien the video

el enent ar koaReede Ulhkst4dpRtbR4bhsa aveddR sRirabRAl Pellow iddh rdferemeedto
control unit 14e stores the video elenmentary streamin a directory in the

record unit 1244 sponding to the VOB nanme in the paraneter table,
with the ggﬁe%gﬁﬁgﬁﬁgﬁg'as the data name. In the exanple shown in Fl G 5A,

data is SéOﬁeg_iE t he dirgc&or¥ "%CB #1" with the file name "Vsanplel™ from
the first . f chart of the video encode control. The 15
flowchart will be described in Chapter 3. .

5 FIG.24A is a flowchart showing the procedure of the
management control performed by the elementary encode control unit
l4e. The variable i appearing in this flowchart:specifies an
arbitrary encode parameter among a plurality of manually input
encode parameters in the encode paiameter table. The variable i

10 is regarded as an ordinal number. Accordingly, in the present
flowchart, "encode parameter i" indicates the i™ ehéode parameter
in the encode parameter table. The maximum value of the variable
i is represented as "max"™ in the present flowchart.

In step S21, the process waits for the producer to enter

15 an instruction to start the encode. When it is judged in this
step that the producer has entered the instruction, control goes
to step 522; In step S$22, it is judged whether the encpde
parameters, videotape, audiotape, TIFF file are loaded into the
data input apparatus 13. When judged so, control goes to step

20 S$23. 1In sfep S23, the TIFF file recorded in a magneto-optical
disc is encoded with the run-length method to generate a sub-
picture elementary stream. In the succeeding step $24, audio data
qf an audiotape. is encoded with Dolby AC-3 method to generate a

primary audio elementary stream.

25 In the following step S25, variable i is set to "1."
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In the audio data encode control, the encode control unit 14e instructs the
data i nput apparatus 13 to fetch all of the digital audio data identified
by the data nane for each entry of the parameter table, w thout specifying
partial sections by the 20 tine codes, in contrast to the video data encode

control . Thalstiep sPB,t BAceUapaLandoyn i Nd|KehB fidie tire atecaimtpataneter
l4e specifies outputting of digital audio data with data nanes "Asanplel”

and "Asamplgde.  fitStepherga iﬂ!ﬁ%ﬂ“@@?ﬁ%@%ﬁsaﬁ§l9ﬂiﬁ§t%h%hQéﬂdﬁéﬁ&ode

data, the encode contro unlt'a4e I nput ¢ digital "data into the
conver t ed ATk addr e bhehehter 2 6 rEa ke Fheogstl s vdubB adEht, 'yen 1t
ni ¢ 12 witth AR (G e BESHRETA Thert LAY A ERE R
control then :

5 to perform a video data encode control.

In step S28, it is judged by analyzing the read encode
parameter i whether the data to be encoded is audio data. When it
is judged so, control proceeds to the flowchart shown in FIG.24D.
In step S29, it is judged by analyzing the read encode parameter

10 i whether the data to be encoded is sub-picture data. When it is
judged so, control proceeds to the flowchart shown in FIG.24C.

Control returns to step S30 of the present flowchart
from the respective processes shown in FIGs.24B, 24C, and 24D. In
step S30, it is judged whether the variable i is equal to "max."

15 When it is judged that the variable i is not equal to "max,"
control goes to step S301. In step 8301, the variable i is
incremented by 1, and control returns to step S26.

: Vi En n

FIG.24B is a flowchart showing the procedure of the

20 video data encode control. In step S31, encode parameter i, which
is input manually by the producer, is read, a section specified by
the start time code and the end time code included in the read
encode parameter i is determined as an encoding target, and the
data input apparatus 13 is instructed to reproduce the section.

25 The data input apparatus 13 reproduces only the section of the
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5 activates the audio data extraction. FIG 24D is a flowhart of the audio
encode control. The flowhart wll be described in Chapter 3. In the audio
data extraction control, the encode control unit 14e refers to the

paraneter table to fetch, as other files, 10 partial sections of the audio

el enent ar yvitieeataps spéel fhi el Wy ithrntstfared thinet Boddasnd netve, ersd arimg icole.
cdde, and end tine code for each entry. The encode control unit 14e then

stores the thekeRpdssect i nss U;[@&‘decl %é?HHéiCtt‘?ﬂ'e' 22 a8MRGs IFRAPB A MheV@Bicode
nanes corresponding to the entries in the table. In case of the audio 15

elenentary ﬁ 19HE o elementary streans at maxi num are
interl eavel sanme VOB, unlike the video elenentary stream As a

It, b- di t f di,o data d VOB
Cor 1 espondi ng VB vh T ha Gt 6 WREHoAPaPY Bt Paant e nRRTHINR D £F

unit 12. Furthernore, a sub-directory for each channel 20 is created under
the sub®di Bt BRFOAEr PRRRMALRSF ol e?seré‘?ﬁraﬁpné:tr iodadoess to BdER 533 -he IuATEP

el enentary streamis stored for each channel. For exanple, the file path is
descri bed &83;/ ¥OBransfer rate for the video data is calculated based on the

number of voices and sub-pictures specified in the parameter
table, where the maximum transfer rate here is 10Mbps.
In step S34, a video elementary stream i is generated
10 by encoding the video data which has been reproduced with
calculated transfer rate. When it is judged in step S32 that the
seamless flag of the encode parameter i is ON, control goes to
step S37. 1In step S37, a transfer rate for the video data is
calculated, where the maximum transfer rate here is 8Mbps. In the
15 following step S38, a video elementary stream i is generated. The
generated video elementary stream i is composed of only closed
GOPs;
In step S35, the encode parameter i and VOB number " #k"
are read.. In step S36, the video elementary stream i is stored in
20 the record unit 12 as a file under a directory "/VOB #k/Video."
Through the above-described video elementary encode, a
lot of scenes are collected, including auxiliary scenes for
replacement.
s Audi r
25 FIG.24D is a flowchart showing the procedure of the

51



#1/ Audi o/ CH1/ ASanpl el " according to the file path description format of
UNI X. 25 In the sub-picture data encode control, the encode 32
Substitute sheet - 11 Septenber 1998 control unit 14e refers to the
paranmeter table to determne digital data to be encoded for each entry in
the tabl eaudtid dasarentsdé heortadal J NI stepasddystAd &udbxtesictadthicordigiital
data. After the data input apparatus 13 outputs the digital data, the 5

encode conyeOlex¢talctti idHutlion s il WAl ené NEatPetEMb- cBUe! Wil daien
el enentary encode unit 14d, in which the digital data is encoded with the -

run- 1 engt QPﬁgrtlﬂﬁg. ﬁggg fﬂ?ﬁgcﬁ’ec?% e %athjeﬁli%oﬁée RS d 9 e g%zgeazfgf‘éeer

table for synchroni zation tine codes. The encode control unit

creates co%trol.%atg mﬁ%@ 108 certain format. The control data, which
al lows t h8Ps@H94Ccfhementary stream 1.

5 In the previous step S24, the whole digital audio data
of an audiotape is encoded to generate a primary audio elementary
stream. This is arranged so that in step S44, a section is

- extracted from the pfimary audio elementary stream to generate an
audio elementary stream.

16 In step S45, VOB number " #k" is read from the encode
parameter i. In step S46, channel number "CHj" is read from the
encode parameter i. In step S47, the audio elementary stream i is
stored in the record unit 12 as a file under a directory "/VOB
#k/Audio/CHj." To achieve this, first, the VOB name is read from

15 the audio elementary stream i to create a directory having the
same directory name as the read VOB name. Eight audio element
streams can be interleaved into the VOB at maximum. Therefore,
the directory should be secured in the record unit 12 so that
eight audio element streams are separately stored under the

20 directory. A sub-directory for audio is created under the
directory of the corresponding VOB. Further, sub-directories for
respective channels are created under the sub-directory for audio.
The audio elementary stream is stored for each channel as a file
under directory "/VOB #k/Audio/CHj."

25 4: =Pi re Encode Contr
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el ement streamto be displayed as specified by the synchronization tine
codes, is added to the run-1length-nethod data as header data. Al so, the
encode control unit 14e stores the sub-picture elenentary streamin a _
directory in the record unit 12 with the 15 sane file nanme as the data

.hame, Furthernore, arpei24l HECEOFYowehetaéleswis taRC Hrodednek yhdEke thid-
sub-directory for the sub- picture elenentary stream in the sane way as

h di I A iqyal y, 5 P :
St oam | o PAGUEY [ OAeE, FiGhae [GRAGSIL Y, 18 Sty PRADY "B TR Bdotuze
Of i SUTRRLRAUCS SRASAEC.GO0N R odliEsdd OUENA el Lo dleaat b Ao

Chapt er WNg s € descTi ptior Her conponents o1t He

aut hori ng gagfgtr}grr ! us'éqq’)t@' GH:tpij\léttskgaméatzé input apparat-ll_lhse 1e3d.| t The tstla?ft btenj.nrlleq

achi eved

5§ code and the end time code are read from the read encode parameter
i. A time stamp is génerated using the read start and end time
codes, the time stamp indicating that the disc reproduction
displays the digital sub-picture data for a period specified by
the time codes. The time stamp is added as the header data to the

10 run-length method data to generate a sub-picture elementary stream
i. In step S41, VOB number ".#k" is read from the encode
parameter i. 1In step S42, channel number "CHj" is read from the
encode parameter i. In step S43, the sub-picture elementary
stream i is stored in the record unit 12 as a file under a

15 directory "/VOB #k/SubPicture/CHj." To achieve this, first, the
VOB name is read from the audio elementary stream i to create a
directory having the same directory name as the read VOB name. 32
sub-picture element streams can be interleaved into the VOB at
maximum. Therefore, the directory should be secured in the record

20 unit 12 so that 32 sub-picture element streams are separately
stored under the directory. A sub-directory for sub-picture is
created under the directory of the corresponding VOB. Further,
sub-directories for respective channels'ére created under the sub-
directory for sub-picture. The sub-picture elementary stream is

25 stored for each channel as a file under directory "/VOB
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personal conputer with a scenario editor for editing reproduction
scenari os, provides an interactive production environnment using a nonitor,
keyboard, and nouse to the user. The edit unit 15 activates a programas a
producer 5 interface called GU . The GJ helps the scenario editor’

i nterpret §kysuprgidtete AOHRUt" by the producer via the nouse apparatus. Note
that the GQUI and nobuse are not detailed here since they are not relevant to

the present embodi megdy, tReNG; Q§ﬂébloﬁi5%”tH$S%HﬂNrEKW§ ith§(He§%%fﬂéd

conpati bl e nachlnes or a GU for personal conputers
made by %% may be used. The "reproduction scenario” is information
i ndi cat'i ng. ]t € order of reproduction for one scene in a picture. The

scenario editor_j, editor used for creating an illustrated conposition
of the re%?éﬁu@ghéhiﬁﬁghario. 15 2.6.1: Reproduction Scenario FI G 6A shows
an illustrated conposition of _a reproduction scenario described with
the sc@nario editor.FIGTRBA is a flowchart showing the procedure of the
scénario editor of the edit unit 15. FIGs.8A-8B, 9A-8D, 10A-10E,
and 12A-12C, which show display examples, are also cited to help
understanding of the present flowchart. These display exampleé
show, in time series, screens displayed on a display unit
10 corresponding to the processes shown in FIGs.25A-25E.
In step S50, it'is judged whether any of the small
images in the tool box has been specified.
3.2.1: Route Add Mode
When it is judged in step S50 that the route add mode
15 has been speéified, control goes to step S54 in the flowchart
shown in FIG.25B. In step 554, a rectangle is displayed on the
screen as shown in FIG.8A, the rectangle representing a
reproduction route. In step S55, the user drags the rectangle to
an appropriate position. The user determines thé position by
20 operating the mouse. In step S56, it is judged whether the
position of the rectangle has been determined. When it is judged
so, control goes to step_ S53. In step S53, the determined
-position is recognized_as a source position. - In step S57, the
scenario editor receives a route nﬁmber for the present rectangle

25 as shown in FIG.8B. In following step S58, it is judged whether
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rectangles P #1-P #5 represent reproduction routes as mnimumunits. Each
| ine extending fromthese rectangl es connects to one 20 or nore ovals.
The ovals represent VOBs and show the correspondi ng VOB nanmes inside
t hensel ves. Each line indicates VOBs to be reproduced in the order, show ng
i nks betveensd@Bse f isnonéecofi ewndbi amd ot riepgbeluct i neitMéenofi them.connects
to another rectangle at the end, 25 it indicates that another reproduction

route starts fromtimpea i84is jou§edi interahesys thklk et evvecel 988ohkeot
| ines may al so connect to triangles which represent exclusive reproduction

D oss; o PEEEIRAS S SHEY AA LU SR S0a0h, B LORGLE DG SEEYRACHAH by o
In the i1{p3Lrahed&3"08S! 108 FHOVPrileht $PEte88%nas.
5 3.2.2: VOB Add Mode |

When it is judged in step S50 that the VOB add mode has

been specified, control goes to step $63 in the flowchart shown in

FIG.25C. In step S63, an oval is displayed on the screen as shown

in FIG.94, the oval representing a VOB. In step S64, the user

10 drags the oval to an appropriate positibn. The user determines

the position by operating the mouse. In step S65, it is judged

whether the position of the oval has been determined. When it is

judged so, control goes to step S62. In step S62, the determined

position is recognized as a source position. In step $66, the

15 scenario editor receives a VOB number for the present oval. 1In

the following step S67, it is judged whether the source is one of
oval and rectangle or neither of them.

When it is judged in step S67 that the source is one of

oval and rectangle, control goes to step S51. In step S51, it is

20 judged whether seamless flags of the oval and the source aré both

ON. lWhen at least one of them is OFF, control goes to step S52.

In step 852, a wafning is displayed to convey that the

seamlessness may fail. The warning is achieved by changing the

color of the source oval or the like, as shown in FIG.1llA. The

25 process ends after step S52.
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rectangl e connects to one or nore VOBs to be reproduced w thout branches.
The VOBs are reproduced in the order. Each route can specify another

route to be reproduced. For exanple, the illustrated conposition
shown in FIG6A is interpreted as shown in 10 FIG6B. In route P #1, VOB "V
#1" is reproduced fiwtsdn itheis \fiRiged #2s"affiteative ippsbdpcEbln contawile
P #1, route P #2 is reproduced. The route P #2 includes excl usive

reproduct geBsr ot e sfeppl.s68.The BXCEUepVSFFSPr ERECIGRIL I ohd e the Cebhedean s

exclusive 15 reproduction block. A route selected in each
excl usi vepaREeHEE! bg” aPhagle ias JHEGRIEY PYG e¥s) ughaetﬁepﬁegegh»;ogrwc%%@
I nformation stored 1A an 1 nternal nenory. FIG 6C shows the conténts.

T L RS A i e 8 S ERRHRE dorll

reproduced. Re urﬁing to the_ route P #2, VOB "V #5" is reproduced. The
route P #81FS-Pheflr 8pFo8dfed0%2. 6. 2: Scenario Editor The edition rmode

dealt with by the scenario editor is
 Ex iv i 1 Mo

When it is Jjudged in step S50 that the exclusive
reproduction block add mode has been specified, control goes to
step S73 in the flowchart shown in FIG.25D. In step S73, a

10 triangle is displayed on the screen, the triaﬁgle representing an
exclusive reproductioﬁ block. 1In step S74, the user drags the
triangle to an appropriate position. The user determines the
position by operating the mouse. In step S75, it is judéed
whether the position of the triangle has been determined. When it

15 1is Jjudged so, control goes to step S72. In step S72, the
determined poéition is recognized as a source position. In step
S76, the scenario editor receives an exclusive reproduction block
number for the present triangle. In following step S77, it is
judged whether the source is one of oval and rectangle or neither

.20 of them.

When it is judged in step S77 that the source is one of
oval and triangle, the rectangle and the source is connected by a
line in step S78, and the present process ends. FIG.1l0B shows the
screen after the rectangle and the source is connected by a line.

25 Otlier rectangles or ovals are added to the present block as shown
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classified into a route change node, a route add node, a VOB add 25 node,
an excl usive reproduction bl ock add node, and an interactive 35 contr ol
add node. The route add node is used to add reproduction routes to an
edited reproduction scenario. The VOB add node is used to add VOBs to

an editedn rR8.d0Mt | @t stenddi be ndbedexhatisafest eproti@igDe bb ogdideddas
node is used to 5 add exclusive:  reproduction blocks to an- edited

reproduct ides SERSEd | 8boPRl, Y néBs dlirfile deohedMeannol! aus %ﬁé&t@@ %Sleﬂsd
to the added excl usive reproductlon bl ocks. The interactive control

mode is USRLTO AtJUARIP L8N {1 @ t\fgéngilthe rlﬁ’f’é?ﬁi’?t 's%m?scegardwgrﬁfng

achieve an 10 Interactive contro ows t unit 157to
gﬁgfgitfeggggg%fg%éeiggnd nanageggg%llnfoRﬂﬁ§|82 Ope refgéggggtgag%'aH
5 oval.
2,4 han M e
When it is judged in step S50 that the route change mode

has-been specified,.control goes to step S80 in the flowchart
shown in FIG.25E. In step S80, the scenario editor recognizes an

10 objeét to be changed which is specified by the user with an
operation of the mouse. In step S81, the user drags the object to
an appropriate position. The user determines the position by
operatipg the mouse. In stép S82, it is Jjudged whether the
position of the object has been determined. When it is judged so,

15 control goes to step S83. 1In step S83, it is judged whether the
determined position is on a link line. When it is judged so,
control goes to step S84. 1In step S84, the object at the source .
position is deleted. 1In the following step S85, the object is
displayed on the determined position.

20 2.5: In LV r

When it is judged in step S50 that the iﬁteractive

control add mode has beenispecified, control goes to step S151 in
the flowchart shown in FIG.26A. 1In step S151, the user moves the
cursor by operating the mouse. 1In step S152, it is judged whether

25 any oval hés'been entered by the user. When it is judged so, the
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for receiving a specification of an operation node of the scenario editor.
The tool box includes five edition nodes respectively 15 represented by
smal | images of an arrow, a rectangle, an oval, a triangle, and a thunder.
When the user clicks a nouse button on a snall inmage, the GU program

recogni zesygB¥at alshetrdi tdrofer@die ovalchaggadidmt itfied othe shapogsivle bapged
on coordinate information and an ON signal input fromthe nouse. Simlarly,

when t he mag&gnkngg%&g{éﬁﬁgﬁ%ag%ﬁﬂﬁaﬁtﬂwj{shthhsenﬁﬂégfl%g\ge@%g% g

add node is activate ge of oval is entere

el usi ve TS ABHGEE OB ook ot HEVEL T A S\ FRSad P SEPE NG RAPP FRRGECbY
thunder is entered, the interactive 25 control add node is activated. 36
Substitut & tio?ltgéﬁtéﬁbEP heggritten into the management information
5 elementary stream is generated.
In step S154, a tool box providing options, a display
position change mode and a newly generate edit mode, is displayed.
The user selects an option. In step S159, it is judged whether
the selected option is the newly generate edit mode. When it is
10 judged so, control goes to step S155. In step S155, a wide oval
is displayed. In step S156, specifications for the font and
inter-character pitch are received. 1In step S157, an input of a
character sequence, which is to be displayed as a menu item, ié
received. In step S158, a menu item is generated by pasting the
15 received character sequence on the wide oval. .FIG.12A shows a
menu image which includes fhe character sequence received in step
8157. The two wide ovals arranged vertically in FIG.12A are menu
items. The menu item may include numerals which correspond to
numeral keys of a remote controller. The numerals indicate
20 channel numbers. A mény item can be specified by a channel number
input by the user. Hereinafter, the menu items are called channél
items.
2.6: hroni ion o) i ener
After the channel items are created, control proceeds

25 to step S159 shown in FIG.26B for the synchronization information
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The route change node enabl es the user to change the reproduction scenario
showmn in FIG6A. Wth the drag and drop operation on the npuse, positions
of the rectangles, ovals, and triangles in the illustrated conposition can
be changed. For 5 exanple, while the .user holds down the rectangl e of
VOB \V #1, gehersaliegi.l orimtistep of159e detimagtRaetntibndésplayBd.dr &g rngmeend
rel easing the rectangl e between the rectangles of VOB V #7 and VOB V #8 on

the line ghav@ut enPitidest i Eembangtss ofinVGhyY ’ﬁl)r'lf‘zdn%%qrt@ﬂrééﬁién Ataridre
sane time, the rectangle is deleted from 10 the original position. Af t er

the above B%%tl' %%en&%fﬁf%'@?%&?f”&fﬁeé 1 bRat i&geizhh‘éhr ofd %duc%{ecq’“

of VOB V § |n roa 'S repro tuced. inroute P #4

pr eases. t FORTE BRGCRS REYSARE (THATSh GEARLALLE A0y 81 FoRecPetaly UL and

oval s, and trlangles I s sel ected, the selected one is deleted fromthe
route. Slﬁﬁﬁarly in the route add node, a new route is added

In step S160, it is judged whether a channel item j has
been selected. When it is judged so, control goes to step S161.
In step S161, a part of the selected channel item j is reversed in
color as the user drags the cursor inside the channel item by
10 operating the mouse. 1In step S162, it is judged whether a time
zone has been entered by the user. When it is judged so, control
goes to step S163. 1In step S163, a time zone is identified by the
width of the reversed part, where the menu item is displayed in
synchronizatiod during the time zone. In step S164, the start and
15 end time.codes are generated so that the menu iteﬁ'is displayed in
synchronization during the time zone.
: i n Infor ion Enter
After the start. and end time codes are generated,
control ©proceeds to step 8165 shown in FIG.26C for the
20 reproduction control information enter mode. |
In step S165, a correspondence table is displayed. The
correspondence table includes a reproduction control information
entry column in the horizontal direction, and channel item j in
the wvertical direction. In step S166, it is judged whether a

25 channel item j has been selected. When it is judged so, control
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to the scenario shown in FIG 6A at a position specified with the 20 nouse.
Simlarly, in the VOB add npde, a new VOB is added to the scenario shown in
FIG 6A at a position specified with the nouse. Simlarly, in the exclusive
reproduction bl ock add node, 25 a new exclusive reproductive block is
added to tduesdemastep s$ibdh. | Nkl sE&A $673, pdosy-ttyyred r FRACEENT ShirEfOL
specified with the nouse. The operation of the edit unit 15, which is shown

in the fl oubheodmiat idn H $Serdbdr ey Bintrd | thderdiessdiideron NnedAard Br iR oZmét Bon

~CGeneration of Sub-Pictures 5 In the sub-picture generation

operat | ON.erdtiey S ! #6F EhEMBBLAELE! ERRARACALA 1.0 Hife | ASFGRLEY Fon
reproduction dre

control information includes a command (generally called highlight

5 command) to be executed by the disc reproduction apparatus when

the selected menﬁ item is entered, a color (generally called a

selection color) to be used for the selected menu item, a color

(generally called an enter color) to be used for the entered menu

item; and information showing correspondence between the "up,"

10 "down," "left," and "right" keys and menu items to be selected.

After the reproduction control information including these

contents is input as shown in FIG.12C, control goes to step

S169.

In the example shown in FIG.12C, the reproduction

15 control information instructs the disc reproduction apparatus to

proceed to reproduce route P #2 shown in FIG.6A when the menu item

for CﬁO is selected, and to reproduce route P #3 when the menu
item for CH1 is selected. -

In step S169, the grammar of the entered reproduction

20 control information is checked. When no errors are found in the

grammar check, control goes to step S170. 1In step S170, encode

parameters for sub-picture encode are generated based on the start

and end time codes, channel number j, and VOB number #k specified

in the interactive control add mode.

25 Control then goes to step S171 shown in FIG.26D for
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generated to be interleaved into VOBs. The sub-picture generation operation
Is shown in the flowhart of FIG 27A and wll be described in Chapter 3. 10
2.6.4: Generation of Managenent Information In the managenment information
generation operation, the nmanagenent information el enentary streans are
gener at ed changgdngnthel daspilaynposMBsn dhethmnggrneiten nf Amestden S171, it
€l enentary streamincludes 15 the following information in tine series: a

transfer rat guiged whdther' 8PhestCerdhel ¢/ diRQi A Qi AN R SN € WiadR
for about 0.5 seconds; a transfer rate required for each of the video,

| se _ " ca e
but 1 or o 20 1 THEOHEE Bt CFPRCIRIT BORRI AR R, Qlpy BESG BY2.7 ene

buf f er size. ive

repr oduct i cqont rol ich synchroni zes,with the i es, voices, and . :
sub- pi ct uru%s%rvm%]%v%%et ?rf%eré%ch 3%%?%#685 U.lghsgg n&?,rs\mei’é} operating
repr od cti%% control information for, achieving the interactiveness 1is

i ncl uddd MRS ety SR ST ot Wostk rthgthes (thgnmenu item has

been entered. When it is judged so, control goes to step S174.
In step S174, coordinate iﬁformation.is generated in accordance
with the current position of the menu item. A parameter table
instructing the disc reproduction apparatus to display the menu
10 item in accordance with the coordinate information is created.

When it is judged in step S50 that the editing process
has been completed, control goes to step S176 shown in FIG.25A.
In step S176, diréctory /VOLUME is generated in the record unit
12. In the following step S177, the edited scenario is moved into

15 the directory /VOLUME. The control then proceeds to step 5180
shown in FIG.27A.
2.8: Gen ion of —~Pi

FIG.27A is a flowchart showing the procedure of

generating sub-picture elementary streams by the edit unit 15
20 based on the setting in the interactive control add mode.

The variable i appearing in this flowchart specifies an
arbitrary menu item among a plurality of manually input menu
items. The variable i is regarded as an ordinal number.
Accordingly, in the present flowchart, "menu item i" indicates the

25  i* menu item. The variable i also specifies an arbitrary encode
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25 The managenent information generation operation is shown 38
in the flowhart of FIG 27B and will be described in Chapter 3. 2.7:
Pr-ocess Managenent Unit The process managenent unit 17 perforns a system
encode in which the video, audio, sub-picture, and managenent information 5

el enent ary pgerafteal fnofg chl ga@adliitysYOEhensbdat ipataviette risheawtonm ically
of* the reproduction scenario edition by the edit unit 15. The construction

of the prO(E_f‘esffef?{@&eﬂﬁmth‘émiq@%%éétf‘;@weohﬁrgie*aﬁ@- fSaSNoWn AdcdF®ingly,

drawi ng, the process nanagenent unit 17 1s conposed of a system encode

Encade. par S CoRaF APPEREDAT TRATERERE TRk o shFRael HarameVet Tyl e

unit 17a ' . :
maximum value of the variable i is represented as "max" in the

5 . present flowchart.

| In step S180, variable i is set to "1." 1In step S181,
‘menu item i is encoded into a sub-picture e;ementary stream in
accordance with the encode parameter i. In step S182, the VOB
number #k corresponding to the encode parameter i is read. 1In
10 step S183, the chaﬁnel number #j corresponding to the encode
parameter i is read. In step 8184, a directory /VOB
#k/SubPicture/CHj is generated. In step S185, the file of the
sub-picture elementary stream is moved into the directory /VOB
#k/SubPicture/CHj in the. record unit 12. In step S186, a
15 directory /VOB #k/Navigation is generated. In step S187, the
reproduction control information is moved into the directory /VOB
#k/Navigation. In step S188, it is judged whether variable i is
equal to "max.” When it is judged as negative, control goes to
step S189. 1In step S189, the variable i is incremented by one.

.20 Control then returns fo step S181.

: rati In
FIG.27B 1is a flowchart showing the procedure of
generating management ihformation elementary streams by the edit

unit 15.

25 The variable i appearing in this flowchart specifies an
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generates VOB construction informati on and VOB connection relation 15

I nformati on as paraneters used for the systemencode. The VOB construction
Fnformati on shows what el enentary streans nake up a VOB as a system stream
This information is used by the systemencode wunit 16 when it perforns

i nt er| eavia@pitraryh@ir&éBoep naidnie td @lurafldtyabifodirécgenbeat ftl thonrddurd
directory/file 20 construction under VOB directories stored in the record

unit 12. Fhak 1D RI¢RsplRAMAERRY %hree%@s%@%&v%aws\é% @hreeq;taqméﬁl% gaGly

el enentary streanlnaklng up each VOB. The VOB connection rel atlon
he VEEs BEGRREN S S BrOth ALl GRS Ol PR e
01 o TR0 RcyEded KULISLLATRIET PIOCEONER pr el SAEILONIRE e
s gengrahgglgﬁﬁﬁLéghéfg} the variable i is represented as "max" in the
present flowchart.
In step S200, variable i is set to "1." 1In step S201,
a management information elemenfary stream being composed of
management information packs having a time period of VOBi is
10 generéted under directory /VOB #k/Navigation. In doing so, the
edit unit 15 obtains a transfer rate required to reproduce the
video, audio, and sub-picture of around 0.5 seconds calculated in
the first path of MPEG2 encode. The edit unit 15 also calculates
the transfer rate for each of the video, audio, and sub-picture
15 streams. The edit unit 15 also calculates the buffer size. The
management information for specifying these pieces of information
is converted into the pack data format defined in MPEG to generate
management information packs. The management information
elementary stream is generated by arranging these maﬁagement
20 information packs in a time series.
In step S202, it is judged whether reproduction control
information i is set in VOBi. When it is judged so, control goes
to step S203. In step S203, VOB units (hereinafter VOBUs, *note

4), VOBUj-VOBUk, which correspond to the time zone set in the

25 reproduction control information i are identified. In step S204,
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reproduction scenario recorded in the record unit 12. FIG 7A shows the data
format of the VOB connection 5 relation information. As shown in the
drawing, the data format is represented as a table. The table includes
colums "VOB," "pre- connection type," "pre-connection VOB,"

" post - conpet | Dbt yPect i6W0oTont@dNe Cin Herndli on and i'd nwehikeaune il aghe THoX
"VOB" col um shows VOB nanes belonging to a node. 10 The node is an idea

represent p3gxa 9" ®HBLE 5V B8 - IR0 MaRfRRTY nifdehdESoRNBalk 8" Se \EBSar
common, ;p@ers ma(ly note SXS aresult, a pdtﬁianlty of 8|f§aerent pl eces ofcijOB

connecti on.r ti espect 311 A

VOBs in cg'rrﬁ"rg:?% déesgfr @ﬁéﬁy ‘;d%rm{ “hi gﬁlcaéstee?) ﬁ?&z \}éc"'&&&:eeprofz%g%
15 nore than.once. .The " onnecjion type. col.ym, sho e _connecti.on
rel ation B’é‘ﬁﬂé’éﬁ'et e b?eg &? aftf¥ he p%@@@di ﬁ?geghé Sc RfEAR B
relation is divided into SINGE and MERGE FIG 7B shoms t he VOB

connec?i oFOREER| oFOeH SPnettieh $8P6:he I’éprsmcﬁ%%rzoth?}céfﬁaﬂ@]s%om i

FI G 6A. According to FIG 7B, VOB V #4 is
incremented by one. Control then returns to step S201. The

processes from step S201 to S205 are repeated until it is judged
as‘ positive in step 8S205. Then the process of the present
flowchart ends. By this time, management information elementary
10 stream has been generated for each VOB. The first round of the
editing of the reproduction scenario ends with this.
Now, the operation of the process management unit 17 is
described below. |
3 ion P ni
15 The operation of the piocéss management unit 17 is
described with reference to the flowcharts shown in FIGs.28, 29,
and 30A.
nn ion i i
FIG.28 1is a flowchart showing the procedure of
20 generating VOB connection relation information by the system
encode paraﬁeter generation unit 17a.
The variable m appearing in this flowchart specifies an
arbitrary VOB among a plurality of VOBs corresponding to the
respective ovals in the reproduction scenario. The wvariable m is

25 regarded as an ordinal number. Accordingly; in the present
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reproduced after either VOB V #8 or V #10. That is, two VOBs in the

excl usi ve reproduction nerge into VOB V #4. Accordingly, when the present
VOB has two precedi ng VOBs, the columm shows MERGE; when the present VOB
has one or no preceding VOB, the colum shows 25 SINGE. 40 The
"pre-conneclbwsh¥©B; calweotehgwyobhe phacedieg YEB. iMWeAredtery VOB. The
pre-connection type is MERGE, the colum shows a plurality of VOBs.

The "post - GARA ek %M@eofSﬁ'ﬂé\'svhﬁaﬁ%n‘iﬁl'sor}:é;?ﬂé’éérp&cﬁ adebygen ghe the

present VOB and t he next VOB(S) he connection relation 1s divided into
SI NGLE and E here |s the sane as the pre-connection type.
VOB v #a | RERPR L eRcabEE "ol Lo rhat is, a VOB before the

exclusive reproduct|(¥h é%eﬁﬂg9qedaaie%g§§ e of the VOB connection relation

5 information #m which includes VOB #m corresponding to the oval #m
is generated. 1In step S92, it is judged whether there are two or
more link sources for the oval #m. When it is judged as negative,
control goes to step S93. 1In step S93, the pre-connection type of
the VOB éonnection relation information #m is written as SINGLE.

10 When it is judged as positive in step S92, control goes to step
S94. 1In step S94, the pre-connection type of the VOB connection
relation information #m is written as MERGE. In step S895, the
oval #n, which is the link source of the oval #m, is identified.
In step S96, the pre-connection VOB of the VOB connection relation

15 information #m is written as VOB #n. 1In step S97, it is judged
whether there are two or more link destinations for the oval #m.
When it is judged as negative, control goes to step S98. 1In step
S98, the post-connection type of the VOB connection relation
information #m is written as SINGLE. When it is judged as

20 positive in step S97, control goes to step S99. 1In stép S99, the
post-connection type of the VOB connection relation information #m
is written as BRANCH. In step S100, the oval #p, which is the
link destination of the oval #m, is identified. 1In step S101, the
post-connection VOB of the VOB connection relation infofmation.#m

25 is written as VOB #p. In step S102, it is judged whether the VOB
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10 The "post-connection VOB" shows the next VOB. Wen the

post - connection type is BRANCH, the columm shows a plurality of VOBs. The
“interleave flag" columm indicates whether the present VOB is reproduced in
a VOB interleave (*note 7). In the 15 case of the VOB interleave, the VOB

i's dividedin it vadeirubal bky10bivet pepesdectitn DIk | Whea Lechsdéddyedaas
disc. The flag is set to ON for the VOB connection relation information in

an_excl usi cf‘siftﬁweqd%hit%lbbegg-tgl &8 stoys adf lspwphanozof tﬁénfﬁﬁékiﬂggﬁge

VOB 20 cornection relation information from.the reproduction scenari o.

flomchart wll be Gl i 4N ter 3 ' |t
managenent . tlﬁ7%ee€o%‘% P’g‘P's t h@%ﬁtll{r elsprﬁ%%%%d %%ﬁ%ﬁ slggﬁ %‘}1%2’
e e aqntol gpesiio siep 5104 1® £ S¥& W60 ke TnteiPeatt S148" B

5 set to "0."
3.3.2: Process Management

FIG.29 is a flowchart showinglfhe procedure of the
process manégement unit 17a.

The variable i appearing in this flowchart specifies an

10 arbitrary rectangle (reproduction route)'among a‘plurality of
rectangles in the edited illustrated composition of a reproduction
scenario. The wvariable i is regarded as an ordinal number.
Accordingly, in thé present floﬁcharf, "reproduction route i”
indicates the i* reproduction route. The maximum value of the

15 variable i is represented as "max" in the present flowchart.

In step S300, it is judged whether the illustrated
composition has been edited. When it is judged as positive,
control goes to step S301. In step S301, the variable i is set to
"l1." 1In the succeeding step 8302, the reproduction route i is

20 obtained from the illustrated composition. In step S303, the
reproduction order of VOB in the reproduction route i is compared
with that in the preceding editing. In case there is no preceding
editing, the reproduction order in the encode table is used for
the comparison. In step S304, it is Jjudged whether the

25 reproduction order of VOBs has changed. When it is judged as
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out put apparatus 20. On receiving an instruction fromthe attached
keyboard, the managenent unit 17b refers to the reproduction control

i af ormati on and paraneters for the elenmentary encode check whether the
tenporary reproduction order of VOBs for 5 the seam ess reproduction has

been changedshtitke ednitrdll lgoks oy RUHPHA. OTrPeteReBI0HBIehehdid Gas

wll go out of adjustnent due to the difference between the sanpling rates

of the i mageandeugl eath. t en OLAST el GIAPAL N SIRASAN S0 ! Hirte W dedif

expl ained later in pter 3 inrelation to the audi extraction
process. \Wen judging.that the. t rary reproduction, ord V h
been chang? <o euﬁﬁﬁabénﬁﬁta HYaetlr% tl%ﬁeﬂ?%ta%et ﬁ‘eSXE‘dg‘B géf%%%t %n u%feps
14 to extract the certain section again in accordance with the change

d
reproduct i S 1dr de? . SALPer thee dHEC LoFHRE | GRANNGTEN AU 1P eXFr ACEIRTES (TO

14, the managenent unit 15 17b instructs the systemencode unit 16 to
i nt er | eBve gemegradet Packisd 40@ige-el enentary stream the video, sub-picture,
and 3.3.3; Audio Extraction

FIG.30A is a flowchart showing the procedure of the
audio extraction.

The vafiable j appearing in this flowchart specifies an

10  arbitrary VOB among a plurality of VOBs in a reproduction route
whose reproduction order has beeﬁ confirmed to have changed. The
variable i is regarded as an ordinal number; Accordingly, in the
present flowchart, "VOB j" indicates the jth VOB in the
reproduction route whose reproduction order has changed. The

15 maximum value of the variable j is represented as "max" in the
present flowchart.

In step S321, the variable j is set to "11" In the
succeeding step 8322, it is judged whether "variable j - 1" is
equal to "0." When it is judged as negative, control goes to step

20 S323. 1In step $323, a time lag dT between the end times of video
elementary j-1 and audio elementary j-1 is calculated. 1In the
following step 8325, an wvideo extraction start time Ts is
calculated based on the time lag dT. Such a time lag occurs due

to the difference between the sampling accuracies of the audio and

25 video. For example, the sampling accuracy of the NTSC-method
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managenent information elenentary streans in one VOB. After the system
encode process, the managenent unit 17b instructs the disc format convert
unit 18 to generate a disc i mage. 20 FI G 29 shows a flowchart
of the process managenent process perforned by the nanagenent unit. The

flowchart widdo heidglescrideasbdut QoM ed, Wwhid: tiy séap ey decditdcyhef the

system encode unit interleaves the video, audio, 25 sub-picture, and

minage”EnthlfHQP-TAI@%i—ﬂiétﬁba”EﬁB%YSJ?&:E&:E“@S | BSutd B2msedubsirit ¥hai shees thdd
Sept enber 1998 one VOB in accordanceé wth system encode paraneters

i | _ e -~
2 s0 cal | dte Ly AL C IRREE bt Ok el rerlBs? BRLARLET EnRLEC Kink Fing

enbodi ment_is divided into a first stgge and a second stage.
accuracies, causing a time lag.

5 FIGs.16A and 16B show a procedure of calculating.the
time lag dT, extraction start time Ts, and extraction length Ta
when the reproduction order changes from VOB #1-VOB #2-VOB #3 to
VOB #15-VOB #2-VOB #3. When VOB #1 is replaced with VOB #15,
audio packs Al-Al0 are replaced with audio packs Al-A7. Howe#er,

10 there is time lag dT between the reproduction end times of the
audio pack A7 and the video elementary stream. This indicates
that the audio elementary stream of VOB #15 ends later than the
video elementary stream of the same VOB by time lag dT. When this
happens, the extraction start time Ts of the audio elementary

15 stream for VOB #2 is delayed by the time lag dT.

When "variable j-1" is not equal to "0," the extraction
start time Ts is set to the start time of video elementary j. In
step S326, a time period Tv of a video elementary to be
interleaved into j™ VOB in the reproduction route i is calculated.

20 In the following step $327, the extraction time period Ta 1is
determined so that the time lag between the end times of the wvideo
elementary and the extraction is equal to a certain time dx
(Ta=Tv). 1In the example shown in FIG.16B, the extraction time
period Ta is determined so that the audio elementary stream ends

25 earlier than the video elementary stream by time dT and the time

[



5 The first stage is performed to secure the seanl ess
reproduction. In the first stage, the video and audi o conponents
transferred between continuously reproduced VOBs "are identified and the
transfer anount is calculated. In the present enbodi nent, the "conponent”
I S used alagnibethéant ccHe @hdr edings2KiE paties. viBed "ebomemesaty izndil She
called a block. Wth regard to the reason why the conponents need be

transferrgdebgbeesn YoBequhdl @b ke’ BakRafn RifBARKET 4n EhepSec0R] e
is perforned to systemernicode each el enentary streamin accordance with the

VOB const Lyghion. 15 4 nfarimiion and.d he ir gasten aaount (gaboulaled in the
o ? Jrgceh t

first stage as par ters to generate the system stream sc Fornma
Convert Unit The disg.fornpt convert unit 18 geperatgs t | sc ,i,mge
oty ancBTaReRTananfibl CHnERTa Rl i eamagorift Shep S840 tHE Sddlo
"generation of the disc inmage" indicates that the reproduction sc?pﬁé%

e

edi t ed® by SLRBERBATY Ui 15 MEVRY infe \Woss dixeetrExy %O y#ﬁi&w% g@e

unit 16 are assigned | ogical addresses on the
record unit 12. Then, control goes to step S322. 1In step S$322 in

the present example, it is judged that"variable j-1" is equal to
"0." In step S323, a time lag dT between the end times of wvideo
elementary j-1 and audio elementary j-1 is calculated. 1In thé
10 following step 8325, an audio extraction start time Ts is
calculated based on the time lag dT. There is a time lag dT
between the reproduction end times of the audio pack Al9 and video
elementary stream V6. That is, the audio elementary stream ends
earlier than the video elemenfary stream by time dT in the
15 reproduction of VOB #15. When this happens, the extraction start
time Ts of the audio elementary stream.for VOB #2 is advanced by

the time lag dT.

. of En ni

The system encode unit 16 performs a transfer amount
20 calculationlprocess and a system encode process. In the transfer
amount calculation process, the VOB connection relatiqn
information is referred to and the transfer amounts of the audio
and video components at the start and end of a VOB are calculated
for a seamless connection in accordance with the connection

25 relation between VOBs. The system encode process is performed in
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DVD area, and that the bitstreamfor recording (*note 9) is generated. 25
The information storage area on DVD is achieved on a 43 spiral track
forned in the direction fromthe center to circunference. The di sc format
convert unit 18 outputs the bitstreamfor recording in which the VOBs and -
the di sc arderdandeewdth ghed caldnudates drani€eipiamduntysack. 5

The "di sc i ndex" (*note 10) is |nfornat|on I ncl udi ng the reproduction
scenari o edigt.ad I didn WH L5 Ay 3 Emul ation Unit The pl ayer
emul ation unit 19 recelves t he -|tstrean1to pe recorded into the DVD disc
fromthe disc fornatg [ J%&g EPr QRS t
bitstream by enul ati nlgg%@%eeépgrqé U(J:C%lcjjcgl unct oner%l%(r)facr]ﬁ]ﬂéf(? I SC reproduét}fltone
appar at us.

audio and video components between VOBs is described below with
5 reference to FIG.30B. The variable k appearing in this flowchart
specifies an arbitrary piece of VOB connection relation
information among a plurality of pieces of VOB connection relation
information automatically generated in accordance with the
reproduction scenario. The variable k is regarded as an ordinal
10 number. Accordingly, in the present flowchart, "VOB connection
relation infoimation k" indicates the k™ piece of VOB connection
relation information. The maximum value of the wvariable k is
represented as "max" in the present flowchart.

In step S212, variable k is set to "1." 1In step 5213,
15 it is judged which of SINGLE and BRANCH the post-connection VOBm
type of the VOB connection relation information k is. In step
S214, the post-connection VOBm of the VOB connection relation
information k is analyzed. In step S216, the audio packs being
the audio components concentrating at the end of VOB #k are cut

20 and transferred to the start of the VOB #m. |
Suppose VOBs #3, #7, and #9, as shown in FIG.21A, are
obtained after the interleaving process by the system encode unit
l6. It is wunderstood by referring to FIG.21A that audio
components concentrates at the end of VOB #3. Suppose the VOB #3

25 is subjected to the transfer process of step $221. Here, it is
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2.11: Data Qutput Apparatus The data output apparatus 20, connected to a
tape deck, records the input digital data into digital magnetic tape. As a
15 result, the bitstreamto be recorded into disc generated by the disc
format convert unit 18 is eventually stored in the magnetic tape by the

dat a. out pureapgaiaeds that Titee f bosshednhetsioramobay i£CcooBsNg7i ardet $9edy
from the authoring apparatus and shipped to the factory for pressing the

DVD. In theféaeingy,td hendi tvos e@an%%ctll%ncomaﬁféntqrﬁo%a% i, datzgs
sequence. The physical data sequence include volunme data wth ECC (Error

Check dee}esgiﬂhtfhéch&ﬂf%;ﬁ§%? UGS L@n hga%gtggrtgglkegghVBBaﬁgaaggdcut

| ead- out area mast er I'SC IS pro i} 25
ot Seauegees . fuSee. PR U Al FRLEE B8, (BT S TEE
5 shows the construction of these VOBs after this process.
In step 5219, it is judged whether the pre-connection
VOB type of the VOB connection relation information is MERGE.
When it is judged so, control goes to step S220. In step S220,
the pre-connection VOBn of the VOB connection relation information
10 k is analyzed. 1In step S221, the videé and audio packs being the
video and audio components concentrating at the start of VOB #k
are cut and transferred to the end of the VOB #n video stream.
In step S223, the audio packs being the audio components
concentrating at the end of VOB #n are cut and transferred to the
15 start of the VOB #k. 1In step 5226, it is judged whether variable
k is equal to "max." When it is judged as negative, control goes
to step 5227. 1In step S227, the variable k is incremented by one.
Control then returns to step S213. The steps S213 to S225 are
repeated until the variable k reaches to "max" when the process of
20 the present flowchart ends.
3.4.2: System Eggggg
After the audio extraction process, the system encode
unit 16 performs the system encode process. In step S306 in
FI1G.29, variable g is set to "1." 1In the follbwing step S307,_the

25 directory of the qth VOB in the reproduction route i is identified.
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Conventional CD manufacturing nmachines may be used for manufacturing the
above-constructed DVDs except a part of |ogical data sequences related to
the-DVD data construction. Wth regard to this matter, please refer to

Heitaro Nakajima and Hiroji Ogawa: 5 Conpact D sc Dokuhon, Chnu Ltd. and

Appl i ed PhySistepSos3e8y ©Rkl Garhfdnidis LREbemht DbAC eIkmiedBari aktfdam of

-Shoten. 2.12: Role of Each Elenent in Entire Process Each conponent el enent

of the auphoeig,@PPAEH Uel/madeBaiiBR] APRYC audil ol bRchPhey dridih of

conponent el enent nt’i re process own in FG descri bed.
In the el epentary e e pracess steps S4 t 7, ,the pt er erates
encode paﬁéﬁSFgPﬁyuM% afp @@aﬂ@{*&i’i a%)%%:'cfl? O%{:ﬁrg &I re]:r?entrgéi}g.‘:)e'ncggg 3?#,[
14. By referring to the paraneter table, .the prodq;er ogtaing i,nf ormation
on the paP%§tt16ebeeJeﬁ¥%b‘?€§‘3érr§ﬁ§eﬁﬁe A dddreqtarsy, 189/ SURPpFEUE e CHY
materials and al so obtains information on the video information that may be
i ncl uded raging steomeds teplBauldiorand\hshei istdet edemeniazyt heerme, othe
el enentary encode unit 14, in

directory /VOB #g/Video in the record unit 12 are interleaved into

one VOB. -Then, VOB #g obtained by this process is stored under
directory/VOB #gq. FIG.15 shows that.the management information
elementary streanl of directory /VOB #3/Navigation, the audio

10 elementary streams of directories /VOB #3/Audio/CH1, /VOB
#3/Audio/CH2Z, and_/VOB #3/Audio/CH3, the sub-picture elementary
streams of directory /VOB #q/SubPicture/CH1 and /SubPicture/CH2,
and the video elementary stream of directory /VOB #3/Video in the
record unit 12 are interleaved into one VOB.

15 In step 8309, it is judged whether variable q is equal
to "max." When it is judged as negative, control goes to step
S310. lIn step S$310, the wvariable g is incremented by one.
Control then returns to step S$307. The steps S307 to S309 are
repeated until the variable g reaches to "max" when the control

20 proceeds to step S311. In step 8311, it is - judged whether
variable i is equal to "max." When it is judged as negative;
control goes to step S312. In step.3312, the variable i is
incremented by one. Control then returns to step S302. The steps
S302 to S3il are repeated until the variabie i reaches to "max"

25 when the control proceeds to step S314. In step S314, the disc
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accordance wth the generated encode paraneters, instructs the data input
apparatus 13 to reproduce the video, audio, and sub- 20 picture materials
fromthe external magnetic tape or magneto- optical disc. The elenentary
encode unit 14 then encodes the reproduced materials to generate video,

audi 0, angogHBtpPEEhUEet cheENtRrassilgrRals relatpeoet adetyss The tieleroB table
information that nay be included in the seanm ess reproduction is encoded

with a re%gcpe%c%ﬁ vad! Al Cstep T8818NCRICH18LETBNLRT ¥nSiheRE eBRR HrAed d N
the 45 irectories in the record unit 12. I'n step S8 of the scenario

att ;Lﬁdet‘v%ﬁt%ﬁéne%Hetﬁé°ﬁ§€¥%o 5 T Y dn % ARRierR, MtRmation
oo T on peasgeeya S B UAL Y 1 Ve ot ot e et cepnece boul o 1
achi evi ng

5 written. Control then returns to step S300.

e i h f Di For. nver nit 1
The disc format convert unit 18 generates the bitstream
for recording by assigning logical addresses on the DVD to the
reproduction scenario edited by the edit unit 15 and to the VOBs

10 into which various kinds of data are interleaved by the system
encode unit 16.

: in
The addresses are assigned to the VOBs and disc indexes
in accordance with the flowcharts shown in FIGs.31A and 31B.

15 ‘ In the flowcharts shown in FIGs.31A and 31B, "adr"
represents a variable used to determine the record start address
of each VOB. Also, "mark" represents a tag uéed to remove
address-assigned VOBs from the processes of the flowcharts.

In step S500, each of a plurality of VOBs included in

20 the same exclusive reproduction block is divided into a plurality
of interleave units based on a presence of correlation to a
previous frame, wherein each interleave unit has a certain time
period. In the following step S120, the variable adr is set to

the start address of the VOB table, "VOBtable_Entrey.”"” In step

25 5121, it is judged whether there is a VOB to which the mark has
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the interactive operations in the reproduction by the reproduction
apparatus is al so set. When all the editing processes are conplete, a GU
is used to store the generated reproduction 10 scenario in the record unit
12. The sub-picture el enent stream and managenent infornation el enent
stream ar aosl beegeaetatield Aswiide ridpy ey iiowlicatieso ithat! dheavoBn has daten
These el enentary streans are stored in the VOB directories in the record

unit 12. hes3gfbli 8A al@Be£CO0MARIABILH URfIE asS péRdati®d, Fontrol goes
In step S9 of "the system encode process, the producér activates the process

ranagerent UgkboLyby | NGHTLLEY 4058 T UPNGS Grlls KED9RLY. LILCHAT b

the process managenenf unit 0 g€nerate system enc par anet e efore

th t de. . Th t d t i pclude the VOB 20
const 1 uct PATACHERT bPnEPFoRed Snd/OE Jok. TBoRREBL PhRS: 1oI Y| DHAYTY oM.
After the system encode paraneters are generated, it is checked whether the
t enporary theprRRIct oA SoridiGlusged/cR 88r ¥rd WS cRRPFRINGELRR | BAOCkh ity

has been nade with the encode
When it is judged as negative, control goes to step S124. 1In step

8124, the wvariable adr is set to the record start address of the

VOB #u. In the following step S125, the VOB #u is assigned the

mark. In step S126, the data size of the VOB #u is added to the
10 variable adr. Control then returns to step S121.

‘When, in step S123, it is judged that the VOB #u is
included in ah exclusive reproduction block #u, control goes to
step S127 shown in FIG.31B. 1In step S127, variable p is set to
"1." 1In the following step S128, variable i is set to "1." The

15 variable i appearing in this f;owchart specifies an arbitrary VOB
among a ﬁlurality of VOBs included in a singe-out reproduction
block. The variable i. is regarded as an ordinal number.
Accordingly, in the present flowchart, "VOB i" indicates the it
VOB in the'singe-out reproduction block. The maximum value of the

20 variable i is.represented as "max" in the present flowchart.

Also, the variable p appearing in this flowchart
specifies an arbitrary interleave unit among the plurality of
interleave units included in the i®™ VOB in the singe-out
reproduction block. The wvariable p is regarded as an ordinal

25 number. Accordingly, in the present flowchart, "interleave unit

74



25 paraneters, has been changed. When it is judged that the 46
tenporary reproduction order has been changed, a certain section of an
audio elenentary streamis extracted again in accordance with the changed
reproduction order to prevent synchronization between inages and voices
fronlgoingpbuﬁndﬁcadhssthenp?‘iﬁﬂurrbaﬁﬁuunﬁﬁﬁﬁntwné_ﬂ7bVOB$trmﬁbsmb&ﬂmum
system encode unit 16 to interleave the extracted audio el enentary stream

the video, vallbe RMEL 4he, Wi JFIRIETEN H0EQT FRlH s RARENL ST y-néy-eamoiéﬁae
one VOB. In the system encode process, the transfer amount of the 10 VOBs

for seanl e o] ' ks calculated and VOBs are generated based on the
calcuIatedﬁ?fgﬁgFegygﬁ%ﬁﬁf#'ln the calculation of the transfer anount, it

's Jjudged, in accordance i fhghhg VR LCoMRCEION L& ARk PN I N of IRl O out
5 reproduction block #u, which includes VOB #u, is read. In the
following step S130, the variable adr is set to the record start
address of the interleave unit p of the VOB #i. 1In step S131, the
data size of thg interleave unit p is added to the variable adr.
In step 5132, it is judged whether variable i is equal to "max."
10 When it is judged as negative, control goes to step S133. 1In step
S§133, the variable i is incremented by one. Control then returns
to step S129. The steps S129 to Sl32-are repeated until the'
variable i reacheé to "max" when the control proceeds to step
S134. 1In step S134, it is judged whether variable p is equal to
15 "max." When it is judged as negative, control goes to step S135.
In step S135, the variable p is incremented by one. Control then
returns to step S128.
The steps S128 to S135 are repeated until the variable
P reaches to "max" when the control proceeds to step S136. In
20 step S136, the mark is attached to all the VOBs in the exclusive
reproduction block #u. Control then returns to step S121.
FIG.18A shows the VOB access table in which VOBs have
been assigned addresses after the above processing. It is
presumed that.ohly VOB #2 has a time period of 20 seconds and that

25 the other VOBs each have 10 seconds. It is also presumed that
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whet her the audi o conponent and vi deo conponent of the end of a 15 VOB need
be transferred to the start of the next VOB. Wien it is judged so, the
transfer anount of the audi o conponent, and video conponent if necessary,

of the end of the VOB is calculated. After the transfer anount is

cal cul at edeaghsyoBeRaoihg§alDi Seg6H€5ahas Qytanserbeayi 8gBecessary
€l enentary streans in 20 accordance with the VOB construction information

and the cal cul ated trgpsfer (aa4Bk) EQIﬁﬁﬁ?e&lgopihéhﬁiEQEUBMBPEQEQS%f ‘the
producer activates the systemencode unit ™16 by inputting instructions to

e 2 L2chidh KEULOR! 0 OO 3 PIGRERL o TS 6 SRUICTEY Yok (IE cne
e o o bR AT 44 ol b RLREECr i "ES oy PV 12
5 1is mapped to a 1l6MB-area following the second 8MB-area (+16MB to
+32MB). In the following 32MB-area, interleave units of VOB #7
and #9 aré mapped alternately in order,.where each interleave unit
has a time period of one second and 0.8MB.
3.5.2: Writing into DSI Packe
10 A process 6f writing information into the DSI packet of
the management information pack in an interleave unit is described
with reference to the flowchart shown in FIG.32A. The variable i
appearing in this flowchart specifies an arbitrary VCB among a
plurality of VOBs included in a singe-out reproduction block. The
15 variable i is regarded as an ordinal number. Accordingly, in the
present flowchart, "VOB i" indicates the i*® VOB in the singe-out
reproduction block. The maximum wvalue of the variable i is
represented as "max" in the present flowchart.
Also, the variable m appearing in this flowchart
20 specifies an arbitrary interleave unit among the plurality of
interleave units included in the i™ VOB in the singe-out
reproduction block. The variable m is regarded as an ordinal
number. Accordingly, in the present flowchart, "interleave unit

m" indicates the m™ interleave unit in the i™ VOB. The maximum

25 value of the wvariable p is also represented as "max" in the
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paranmeters are generated, the disc format convert unit 18 arranges the VOBs
stored in the record unit 12 in accordance with the data 5 structure for
DVD and generates the bitstream In doing so, the VOBs for the VOB

i nterl eave are subjected to necessary processes in accordance with the

par anmet er preskatpfaowelvaptocess is then perfornmed. In step S14, it is

j udged whet her the size of the bitstreamis within the capacity 10 of the

DVD. If it is judgedrsostdg) s¥08) $%14st HadgbayRhethdt aihdr Lt ve _Jﬂa&; i of
enul at e-reproduces the bitstreamto preview the reproduction defined by the

o 512, it 1 Seiud . ¢ :
Scene to The SO 4 18, g | ettt A e b R PR R e
j udged so

T STl R BB bR L e

when an NG scene is detected, control goes to step_S13. In step S13, .the
produc®r ZQiLRWa8g: sEepc 828 iro thGaitddrP st Oh iR erd eayis dpiitafe WML A0

repl acenent fromother elenentary 20 streans. Control then returns to
step S8. beniscépdsd &n anjexclusive reproduction block, is written in the

DSI packet of the management information pack corresponding to the
interleave unit m. In the example shown in FIG.18A, interleave
units of VOB #7 and #9 are arranged alternately, each interleave
10 unit having 0.8MB. Accordingly, as shown in FIG.14A, the start
address of the interleave unit of VOB #9 as 0.8MB ahead is written
in the DSI packet of the management information pack corresponding
to the VOB #7. also, the start address of the interleave unit of
VOB #7 as .0.8MB ahead is written in the DSI packet of the

15 management information pack corresponding to the VOB #9.
In step S208, it is judged whether variable m is equal
" to "™max." When it is judged as negative, control goes to step
S200. In step 8209, the wvariable m is incremented by one.
Control then returns to step S207. The steps S207 to S209 are
20 repeated until the variable m reaches to "max" when the control
proceeds to step S210. In step S134, it is judged whether
variable i is equal to ™max." When it is judged as negative,
control goes to step S211. In step S211, the wvariable i is
incremented by one. Control then returns to step S205. The steps

25 S205 to 5210 are repeated until the variable i reaches to "max"™
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round, the producer uses a GUI to edit the scenario by replacing a defect
scene to the fetched scene. Chapter 3: Operation of Each Conponent 3. 1:
Gper ati on of Encode Control Unit 25 The encode control unit
perforns a managenent control, 48 vi deo encode control, audi o encode

control, sﬂte:pumtaupa:oemsmeaf:mner PresEIRs ElapRRittoshday e descri bed bel ow
Wi th reference to the flowharts. 3.1.1: Managenent Control 5

FIG24A is a flowchasteshowid tBeapiogeirodsddc JRANERETn CRABIA! are

performed by the el enentary encode control unit 14e e varlab

appeari ng ddghiet kLOYBRAr hndPERRILES STk A NI TACRAE HRFOBELEL. aMopg. @

plurality of nual I'y i'nput encode paraneters

table. 1*“31§@' %gexee for reproducing these VOBs are generated, and logical

5 addresses on the spiral track are assigned to the disc indexes.
ritin ; nf i
The most important component of the disc index is PGC
information. The PGC information defines the order of VOBs to be
read. The PGC information also defines various controls performed
10 by the disc reproduction apparatus while the VOBs are reproduced
in this order. The various controls include, for example, a
reproduction control for achieving a viewing limitation
differently imposed on adults and children. The various controls
are not described in detail since they are described in many
15 documents. |
The disc format convert unit 18 writes the VOB aceess
information (a table defining, for each piece of PGC information,
the order of VOBs to be accessed) in the PGC information based on
the illustrated composition. This process, which is very
20 important, is described with reference to the flowchart shown in
FIG.32B.
The variable m appearing in this flowchart specifies an
oval among a plurality of manually input ovals as a 1link
destination of rectangle #Pi in the illustrated composition of a

25 reproduction scenario. The variable.n appearing in this flowchart
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10 is regarded as an ordinal number. Accordingly, in the present

flowchart, "encode paraneter i" indicates the ith encode paraneter in the
encode paraneter table. The maxi num value of the variable i is represented
as "max" in the present flowhart. In step S21, the process waits for the
producer tspeedifdeslan avalnsimour) i0pliuradtidyt diheneneads: inhan dvdals as a
judged in this step that the producer has entered the instruction, control

goes t0 StepkSAestinktithtRiS2he idvails #inidged whether the encode |
paranmeters, videotape, audiotape, TIFF file are |oaded into the data input

apparatus 13. V\he”dzh':‘dﬁfﬂsé,o’th%o'grftqueg%%szet XEHER e ié%ovﬁnt#ijt{gq:a%%?’e

the TIFF file recorded I n a magneto-opt1 disc 1s enco

run-| ength _ne dto nerate, a sub-. picture elementary stream In the
succeedi ngsst'%%fgiiétgﬁd?’(?sc?& a°Bf qﬁlr?paﬁwlf%?ﬁpé’ i sr%ﬁ!&%’a%é WASFSS| BY RES
nmet hod_t o a primary audi.o el enentary stream 25 In the

.gener at .mary .
foIIom?nglgﬁgﬁméfgpnvﬁpﬂﬁﬁléﬁ Gad cydatiesl 'from fdie number of rectangles in

the illustrated composition.

Five rectangles are shown in the illustrated composition
of FIG.6A. Hence the number of required pieces of PGC information
is determined as five. When it is presumed that the data size of

10 the PGC information is 128KB, the entire size of the PGC
information is calculated as 640KB (128KB X 5). Note that the
value 128KB is determined by estimating the amount of informétion
requiréd for the various controls.

After the above process, in sfep S105 in FIG.32B, oval

15 #m as a link destination of rectangle #Pi is identified. In the
following step S106, VOB #m corresponding to the identified oval
#m is identified.from the PGC information corresponding to the
rectangle #Pi. The address assigned to the VOB #m in the VOB
table is written into the access information of the PGC

20 information #Pi.

Here, assume that the variable i is "1" and that the
rectangle #Pl specifies PGC information #1. In the illustrated
composition shown in FIG.6A, the link destination of rectangle #P1
is ova1.V1 which corresponds to VOB #1. Meanwhile, in the VOB

25 table shown in FIG.18, relative addresses for OMB-8MB are assigned
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In step S26, encode paraneter i is read fromthe encode paraneter table. In
step S27, it is judged by analyzing the read encode paraneter i whether the
data to be encoded is video data. Wien it is judged so, control proceeds to
the flowmhart shown in FIG 24B 5 to performa video data encode control. In

step S28, totthé VOBOED, byrtasyd ficre)d thize regadioacaddrpssaseifetr OMBREMBeariehe
data to be encoded is audio data. Wien it is judged so, control proceeds to

the flowchaittshoyAtbNthkGadlbss! BaBi&Pin28nel bebSihddamdth¥nanal yzi ng the
read encode paraneter 10 i whether the data to be encoded is sub-picture

data Vhen it is judged.sq 5§09t Ohe REOCES 4G LRE LLOVRDALIS SHAMR | s

FI G 24C. Control returns to's b he "present owchar romthe

| Gdbed whoPREPhEnGhyQFAGE £0; IPalolgaR EBS RIRL: VES: HEnCh: RS PERBederikh

the variable i is not equal to "max," control goes to step S301. In step

S301, % hewikhj agl @ L1ipk destination, as a link source and trace the ovals
ahead of the oval Vin.

In step S108, it is judged whether the link destination
of the newly set oval V#n is an oval. When it is judged so,
control goes to step S109. In step S109, the link destination is

10 recognized as oval V#m. |

Here, it is presumed that the oval V#n is set to oval
V#1l in step S107. Then, it is judged in step S108 that the link
destination of the oval Vi#l is'oval. In the succeeding step S108,
the oval #2 being the 1link destination of the oval #1 is

15 recognized as oval #m. The oval #2 corresponds to VOB_#Z. In the
VOB table shown in FIG.18A, relative addresses for 8MB-16MB are
assigned to the VOB #2. Therefore, the relative addresses for
8MB~16MB are.written into the access table in the PGC information
#1.

20 As described above, ovals #1 and #2 are traced from the
rectangle #1, and relative addresses of the VOBs #1 and #2
corresponding to the ovals #1 and #2 are.written into the access
information of the PGC information.

When the link destination of the oval #n is a triangle,

25 it is judged as negative in step S108 and control goes to step
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increnmented by 1, and control returns to step S26. 3.1.2: Video Encode
Control FIG24B is a flowhart show ng the procedure of the 20 video data
encode control. In step S31, encode paraneter i, which is input nanually by
the producer, is read, a section specified by the start tinme code and the

end time sade.i nThugedpi siihe Tcaih eiri@de phetherethe 19nkedestinedidh JT
encodi ng target, and the data i nput apparatus 13 is instructed to reproduce

the secti@le RewT{iCs8B!SvalPiin AP Arihinkd of, ePFAdYHRS p%%@éntth% 1ig0n 3¢
t he 50 vi deo tape specified by the start time code and the en I me

code. In igei%s .d {/é]%inﬁ?{sﬁfgggg ol %nf.tz{l)eps%?g; fﬁét fs,tt%g oy Lhe efﬁf)%g:e&

par amet er ~i 'S Judged in's seam ‘ess

i, t.o_ste 33..1n ste ,
5 the encggﬁzPa£ﬁgEé§£ll#ﬁsiéxggt%ﬁ?%&?%v%&eahich ispt e link deg%inatlon

5 of the triangle. Control then returns to step S108.

In step S113, it is judged whether the link destination
of the newly set oval #n is a rectangle. When it is judged as
positive, control goes to step S501. 1In step S501, the relative
address of the PGC information #qg is written into the 1link

10 information of the PGC information #Pi.

Here it is supposed that the PGC information #Pi is PGC
information #1 and that the oval #n is oval #2 which links to
fectangle #2. The rectangle P#2 corresponds to PGC information
#2. Therefore, the relative address of the PGC information #2 is

15 obtained. Here, the size of the PGC information table has been
calculated as 640KB. Here, it is presumed that an area starting
from "128KB" is assigned to the PGC information #2. Then, the
relative address "128KB" of the PGC information #2 is written into
the link information of the PGC information #1.

20 After the step S501, control goes to step S502. In step
S$502, the PGC information #Pi is set to PGC information #q. In
the preset example, the PGC information #Pi is set to PGC

- information #1 since the PGC information #Pi corresponds to PGC
information #2. Control then returns to step S105. When, in step

25 8113, it is judged as negative, the link destination of the newly
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S33, a transfer rate for the video data is cal cul ated based on the nunber
of voices and sub-pictures specified in the paraneter table, where the
maximum transfer rate here is 10Mops. In step S34, a video el enentary
streami is generated 10 by encoding the video data which has been

. reproducegew dbhal avinl bd epidgean Hse NULAL eantheont ol sgpesigssl stestsd 4532 In
that the seanless flag of the encode paraneter i is ON, control goes to

step S37. stbp §1€0, S eRfrds %{b?fcﬂ.riﬂgab%og:%st 08 pofeorAada ithe ProdaLeds

where the maxi numtransfer rate heré is ps. I'n the 15 follow ng step

S38, a vidgg eg;@%gwyfmea%it i%h%ﬁ”ere hgd- Th I&?ﬁ%at %ﬂoggde%ﬁ PGC
el enrentary stream1 1 s conposed of only closed S. 'n step 5, the

cod : t I, d.VOB nunb " HK" .read. .l t S36, t id
cl et ar §A4PFERITON SMARE TR0t A AERREL R A aReY SR Tt <P deRey
directory "/VOB #k/Video." Through the above-described video el epentary

encode® aRf§erofthiconeather pépcest &f inEermahboruRf| ithey di¥meindgx are

repl acenent .
generated. Absolute addresses of the PGC information table and

the VOB table are assigned. The bitsream that can be recorded in
the DVD is generated thus. FIG.19A is a scheﬁatic representation
of the DVD in which the bitstream for recording has been arranged
10 after the first editing of the reproduction scenario. In the
present drawing, the bitstream for recording is stored in the
curving aréa on the spiral track. The drawing also shows that PGC
information #1-#5 and VOBs #1-#10 are sequentially read as the DVD
is rotated by the disc reproduction apparatus for reproduction.
15 This indicates that PGC information #1-#5 and VOBs #1-#10 are
arranged in best positions and read with little disc seek.

The player emulation unit 19 performs a test previéw for
checking a plurality of versions recorded in the DVD by
temporarily reproducing the bitstream for recording. FIG.23 shows

20 contents of a test preview. The present drawing shows images in
frames included in the wvideo elementary streams in each of VOBs
#1, #2, #3, #7, and #9. The reproduction order, which is
determined in accordance with the reproduction scenario shownfin

FIG.6A, is indicated by the arrow signs. The menu items "Zoom in

25 on the heroine" and "Zoom out"™ shown in the image of VOB #3 have
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3.1.3: Audio Encode Control 25 FIG 24D is a flowhart show ng
the procedure of the 51 audi o data encode control. In step $44, the
audi 0 extraction unit 14c extracts a section specified by the start time
code and the end tinme code included in the read encode paraneter i to

gener at e apeéd it BIBAE MY tB@Mnhna§ement informatibr A dedMiadys stiredm
S24, the whole digital audio data of an audi otape is encoded to generate a

primary auggoyss e#@gzxgrahest RYPactivhl EoHEr@irm%&@ t Red trY flenet4teth

section is extracted from the primary audio el ementary streamto generate

an audi o e}, tary stream " "
read fromt gggngédé)%pzﬁ%ne ]rr lne n:"steri’)t§1%d cﬁi%sg pr%/gB%{gilg%—!gh g‘g’ écad
fromthe encoQ& paranet er i tep S47, the_apdio ele nt%uy stre i s

7; when the menu item "Zoom out" is entere t reprodu ctlon

5 shifts to VOB #9.

When the data size of the generated bitstream for

recording exceeds the capacity of DVD, in the present example, the
10 producer deletes VOB #7 as shown in FIGs.19A and 19B by activating
the elementary encode unit 14 and displaying the illustrated
composition. After the deletion, VOB #13 with a small data size
is added to in front of VOB #8 in the VOB add mode, as shown in
FIG.19C.
15 When it is determined that still the data size of the
| bitstream exceeds the capacity of DVD and that VOB #1 should be
replaced with another VOB, the producer deletes VOB #1 as shown in
FIGs.20A and 20B by activating the elementary encode unit 14 and
displaying the illustrated composition. Then, the producer adds
20 VOB #15 with a small data size is added to in front of VOB #2 in
the VOB add mode, as shown in FIG.20C.
After the second editing of the reproduction scenario
is performed as described above, the audio extraction ﬁnit l4c
‘extracts the audic elementary stream.' The length of video stream

25 of VOB #13 is longer than VOB #7. As a result, audio extraction
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stored in the record unit 12 as a file under a directory "/VOB

#k/ Audi o/ CH ." To achieve this, first, the VOB nane is read from 15 the
audio elenmentary streami to create a directory having the same directory
nane as the read VOB nane. Eight audio elenment streans can be interl eaved

into the WBat 1aexigrtradther eher aaudie diefehebyyshptddhmbeogecrsed#13 the
fecord unit 12 so that eight audio elenent streans are separately stored

under the it Uil Y JRedMliedid Of SRIPR1IIC 1 NMoing

directory of the correspondi ng V Furt her, Irectories for respecti

e 5 5, 15 ehuater kDRl (BEE PN 40" AU CerFBERY e guaio

| ;/ yﬁﬁﬁg%ﬁ%-{ L t%g%ﬂ%(é%y%gebﬁ 'f uri_glfg:[lcccoedeedsCotrg rvoolB 5#213. FIG 24C is

5 _ FIG.16B shows the audio elementary stream extracted in
the second editing of the reproduction scenario.

After the extraction, the process management unit 17
instructs to calculate the amount of audio packs transfefred
between VOBs. After the second editing of the reproduction

10 scenario, the VOB connection relation information of VOB #3 shows
that the post-connection VOBs are VOBs #13 and #9. Therefore, the
post—connection VOBﬁ is identified as VOBs #13 and #9. When this
happens, the latter half of the audio component of VOB #3 is cut,
as shown in FIG.22B, and transferred to the former half of the

15 VOBs #13 and #9, as shown in FIG.22B.

After the transfer, the wvideo, audio, sub-picture
elementary streams are interleaved. Then, the disc format convert
unit 18 determines the arrangement of the VOBs, maps each VOB into
the VOB table as shown.in FIG.18B, and the DSI packet of VOBs is

20 written again.

After the mapping, the disc format convert unit 18 is
re-activated to convert the reproduction scenario edited by the
elementary encode unit 14 into the disc index. FIG.17B shows PGC
information after the conversion.

25 FIG.19B is a schematic representation of the DVD in
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pi cture data encode control. In step S40, the sub-picture elenentary
encode unit 14d encodes, with the run-length nethod, a TIFF file output by
the data i nput apparatus 13. The start tinme 5 code and the end tine code
are read fromthe read encode paraneter i. Atinme stanp is generated using

the read sindich atide ebdthitieaodRss ré€oidilgShasp b Catraggédakrithe dirse
reproduction displays the digital sub-picture data for a period specified

by the timR&Adesditad iJFE tHAMRPro>RI48AS deha Mepderr daha It}fe?:aetrﬁéﬁléo o

run-1 ength nmethod datato generate a sub-picture elenmentary st

t 41, .aunb " ol ead fro enco r.amet I ...lh.ste
42 chandiPiseche st el iy AR 10aecReL efﬁ?.czrmtagrpea

S43, th b- pi ct ur, | tream,j is _stored in the record unit 12 as
2 1i1e undd the18PUTRLCEBRS~ / VIS AN AL/ ABYYS: ARt G R farmat fon
first, the VOB nane is read fromthe audio el enmentary streami to create a
di r ect Br y #a#ion @nch YOBsnd 1§ ddrohB mdides raanchd G @ reRuentdaldy read as

sub-picture el ement streans can be interleaved into the VOB at maxi num
Ther ef or e thehe D¥IDr eésoryosabed d e dheur ddscn téproduotilon apparatus for

reproduction.
7 nclusion
As described above, the present embodiment enables the
10 encoding process to be separated from the entire process. With
this arrangement, the reproduction order of the VOBs can be
changed, even for an exclusive reproduction block, after the
generation of elementary streams.
When the temporary reproduction order of the VOBs in an
15 exclusive reproduction block, which is determined during
elementary encoding, is changed, the synchronization between Audio
and Video is maintained by, immediately before the interleave
process, re-generating the audio elementary streams for the

changed VOBs.

20 : Detail ription Term
*note 1;: Encoding with a Reduced Bit Rate

The bit rate of the video information included in VOBs
for the interleave blocks should be smaller than that of the
ordinary VOBs. The "bit rate" mentioned here indicates the amount

25 of digital data assigned to compressed images of a certain time
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20 unit 12 so that 32 sub-picture elenment streans are separately stored
under the directory. A sub-directory for sub-picture is created under the
direttory of the corresponding VOB. Further, sub-directories for respective
channel s are created under the sub- directory for sub-picture. The

sub- pi ct uperdodrentidith ¥ redlidedl 2itStrAtR] ftdle QAYItHIAa d% &dngredyuier
directory "/VOB 53 #k/ SubPi cture/CH ." Now, the operation of the edit

unit 15 i godaapigebddtieloiva Ind1 1l tantd¥idt 5 and of coursd’! @k@ﬁi&aﬁ.iac% of

fl omchart showi ng the procedure of the scenario editor of the edit un

FI Gs. 8A- 8 he9A%§1§>geﬁn- ; 1ﬁ§teg%r£%]é‘alz& Wi eh 5?8%”3,%' spl ay, Xaﬁ?%?@rbl_:%per

also cited to er standi ng of the present art. ese

exanpl es reducing the bit rate is that the VOB interleave block is

5 reproduced by repeating.disc seeks. In the seek operation, the
pickup moves on ‘the disc to read data. The time taken by the seek
operation is called a seek time or a seek wait. It is needless to
say that data is not read from the disc during the seek
operation.

10 For the above reason, the data fetch and transfer rate
of the disc reproduction apparatus decreases_during the interleave
block. As a result, the wvideo elementary streams with thé
seamless flag ON need be encoded with a reduced bit rate since the
video elementary streams may be used in the VOB intéfleave block.

15 More particularly, the data fetch and transfer rate is reduced to
about 8Mbps during reproduction of the VOB interleave block from
about 10Mbps of the ordinary reproduction. The bit rate of the
video data is reduced in accordance with the data fetch and
transfer rate. Note that the value "10Mbps" is determined based

20 on the jump performance of the optical pickup and the buffer
capacity of the reproduction apparatus. Practically, a plurality
of pieces of audio data and sub-picture data are also interleaved
into each VOB as well as the video data. Accordingly, the bit
rate of the video information is determined inlconsideration of

25 the bit rates of these kinds of data. For example, for five
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show, in time series, screens displayed on a display unit 10 correspondi ng
to the processes shown in FlIGs.25A-25E. In step S50, it is judged whether
any-of the small inmages in the tool box has been specified. 3.2.1: Route
Add Mbde When it is judged in step S50 that the route add node 15 has been

speci fi edpjeeskr ek 68830t enFoeRa®Ion Wilthe af beChate SHowBout ROORBPE and
‘st ep Sb4, a rectangle is displayed on the screen as shown in FIG 8A, the

rectang! CapeRISARIN 198 8ubeRiRTHEL! AR Al ig #6P §5%ltt et ehrtalut

the rectangl € to an appropr ate position e user etéermnes t

position rati.ng the e jqu

Phe posi« PORBRP ¢ RE< Bitarste MRE PRSP udtoHonaT SR 1Y %?‘ﬁﬁ%‘df%@d
control goes n.step S53, _the detern1ned ositjonis
recogni zed* agg&%‘&n@emposﬂﬂ (')'ﬁlls CPﬁestEBeSB%’t FRke e Prtiaky video
receives a route nunber for the present rectangle 25 as shown in FIG8B. In
fo||ow§ng1§ﬁgpm5§gon|;s|% JeMhpal (#Hetlhéd=$436); the bit rate of the video

information for the VOB interleave block is 6.36Mbps (8-
1.64=6.36).

As described above, the bit rate of the VOB video

information is determined in consideration of the number of pieces

10 of audio and sub-picture information to be interleaved into the

same VOB and whether the VOB may be used for the interleave

block.

*note 2: Closed GOP
The | "GOP" is the minimum unit in
15 compressing/decompressing the video elementary streams. One GOP
is composed of a set of serial picturesf Ordinary GOPs have
correlation with components of the preceding and'succeeding GOPs.
However, closed GOPs do not have such correlation. It should be
noted here that the reproduction can start from any GOP in the
20 interleave block since the in£erleave block is composed of only
closed GOPs.
*n : Interl ing i
The interleaving of compressed video and audio data into
a VOB is described with reference to FIG.15.

25 FIG.15 shows video data sequences, audio data sequences,
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the source is one of oval and triangle or neither of them Wen it is
judged in step S58 that the source is one of oval and triangle, the
rectangl e and the source is connected by a line in step S59, and the
present process ends. 5 3.2.2: VOB Add Mode Wien it is judged in step S50
that the 4 adih-pideries deed sepedddasl, £OnI0l HOSFORD. St ERe$H 3t ypes hef

fl owchart shown in FIG 25C. In step S63, an oval is displayed on the screen
as shown 'cﬂaﬂﬂ Gon¥rn B8 M¥RG2T EBHESEM AL Ui hv%elrjgz g%@s§§6n 1B8€nY§ and0
drags the oval to an appropriate position. e user erm nes the position
by operatkﬁg: q§ se. In step S65, it is judged whether the position of
the oval KHS been determined. Wen it is j udged so, control goes to step
S62. In step S62, the det er osition is recogni zed as sour ge
position Pin et ep 888, B0 SabensregeREERoA AR CCPTRE S SoSdn SRrid: daka

the present oval. In . _
5 sequences. The video data sequences are represented in the

present drawing as videol, video2, video3... in units of GOPs
(Group Of  Pictures). The "GOP" is a unit in
compressing/decompressing the video elementary streams. One GOP
is composed of about 12-15 frames of vide§ data, and corresponds
10 to video data of about 0.5-1 seconds. The video data of one GOP
is further divided into packs being 2KB-units. The s;ze of the
pack, 2KB, corresponds to the sector size of the DVD optical disc.
That means, each pack of data is stored in a sector of the DVD.
The audio data sequence is composed of audio signals
15 including the LR components of the stereo audio and the surround
components. The audio data sequences are represented in the
present drawing as audio A-1, audio A-2... audio B-1, audio B-2...
sudio C-1, audio C-2... Each of these pieces of audio data is
composed of one or more audio packs, each pack having 2KB of
20 data.

The sub-picture data sequence includes graphics. The
sub-picture data sequences are represented in the present drawing
as Sp A;l, SP A-2... SP B-1, SP B-2.;. Each of these pieces of
sub—picture data is composed of one or more sub-picture packs,

25 each pack having 2KB of data.
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the followng step S67, it is judged whether the source is one of oval and
rectangle or neither of them Wuen it is judged in step S67 that the source
i.s one of oval and rectangle, control goes to step S51. In step S51, it is
20 judged whet her seanl ess flags of the oval and the source are both ON

Wien at | east one of ithenowldORbe @otedo haesthatstiep BHR.15n thep BhdeoA

Warning is displayed to convey that the seanl essness may fail. The warning
i's achi evedidio Chandi 88pthEcERLET gatat BRgBRHEESS %‘f@' éﬂ&él‘%%t&%&hﬁé\f‘
in FIG 11A. The 25 process ends after stéep Sb2. ubstitute sheet -

L SEPL e SR ITEE c@ggédl%%e%svzsﬂgv&%%ﬁﬁtg%%gtezc.égf N
as shown I(PatFa{ %rgeB staonxde EEI. rrensaetné[l rlorf elfnslts of packs.
5 *n : VOB

"VOBU" is short for the VOB unit which is the minimum
unit including the management information and other types of data.
FIGs.35A-35E show the data formats of the video, audio, and sub-
picture data and the management information stored in packs to be

10 interleaved into VOBs.

Each piece of data in VOBs is stored in a packet or a
pack conforming to MPEG2. In the present embodiment, one pack at
least includes a PES (Packetized Elementary Stream) packet. The
management information paék is composed of two packets. Each of

15 the videq, audio, and sub-picture data pack is composed of one
packet.

Each pack, having 2KB, is composed of a pack header, a
packet header, and a data field. The pack header indicates the
start of a pack. The packet header indicates the start of a

20 packet. The pack header and the packet header are not detailed
here since they conform to MPEG2. Here, the synchronization
information for the reproduction of packs and information
concérning with data types are described below.

The pack header includes SCR (System Clock Reference)

25 as synchronization. information for reproduction. The packet
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ends. As the above steps are repeated, VOBs are added as shown in

FI Gs. 9C- 9D and FI G 10A. The oval and the source is connected by a Iine each
tim the 5 scenario editor receives a VOB nunber in S66. Wen the scenario
receives an addition end operation in S66, it is judged in steop S801 that
the addi t headeas ierludenicRlS afBredeneation Pimeessanp)t hadpDISEN(Decoding
flowchart ends. 3.2.3: Exclusive reproduction Bl ock Add Mbde. Wen it is

j udged i nTdmep siEhg)hat The Brs! Yak¥eateRr’ odusind N ocknadg;arde ofia%th‘f&
specified, control goes to step S73 in the flowhart shomn |n FIG. 25D.

step S73, gathOint thaNghekbe i SBLAYEhH ON 1€ pYY 88 dd1e d Y when t
it

representing an exclusive reproduction bl oc 'm's e user

t dete t he pos
by oper Z??'L%% BTN G LA e sbf%fdézf& ?&'9 ossnpamciﬂrcﬁf
the tr an l.e termned. Wien it 15 1is Judged Sso, control goes to
step tix %§Fé§%§7%&3 epd @E§ern1ned position is recognized as a source
p05|t|on In step S76, the scenario editor receives an excl usive

reproduction bl ock ﬁUHheFeléFl©h§hpPésbﬁtwﬁenamyaeSCRJ\PT$JOEEEg sindp t3iky,

it is
reproduction apparatus are described as follows. The reproduction

apparatus has a clock (STC) inside. The reproduction apparatus
résets the clock by referring to the SCR of the first pack of a

10 VOB after reading the VOB from a disc and storing the VOB in a
buffer. The reset clock is updated over time. The reproduction
apparatus transfers a pack from the buffer to the decoder when the
value of the clock matches the SCR of the pack. The docoder
docodes the transferred pack when the DTS of the packet of the

15 pack matches the value of the clock. The pack is then output when
the PTS of the pack métches the value of the clock.

The SCR is set so that the pack transfer rate is 8Mbps
for the interleave VOBs, namely, VOBs whose interleave flag in the
connection relation information is ON. The SCR is set so that the

20 pack transfer rate is 10Mbps for the other VOBs.

Now, the information concerning with data types is
described.

The "stream ID" field, having an eight-bit length, in
the packet header indicates which of the wvideo packet, private

25 packet, and MPEG audio packet the present packet is. The video
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j udged whet her the source is one of oval and rectangle or neither 20 of
them Wen it is judged in step S77 that the source is one of oval and
triangle, the rectangle and the source is connected by a line in step S78,
and the present process ends. FIG 10B shows the screen after the rectangle

and the sogwsekdts LoeDedésdabyididd at25se§hbftel eClEy| poivateVvpaskate is
added to the present bl ock as shown 56 in FIG 10C. It should be noted

that after g?fti&fe@‘@ye the MHRD A% ARBH RYY AL 2 MONSHANI P e BNRSY W]

be connect to the ovals succeeding to the triangle. FI'G 11B shows a

oval . 9. o 45 P obERals " WRRRTASRY, TRt [RRT R BT BRI thar it e

change node . _ .
g store audio or sub-picture data and the private packet 2 is

5 defined to store the management information.

The private packet 1 further includes a sub-stream ID
field. The sub-stream ID field, having an eight-bit length,
indicates either of audis or sub-picture data. For the private
packet 1, eight types of audio data, #0-#7, can be set at maximum

10 for each of the linear PCM method and the AC-3 method, and 32
types of sub-picture data, #0-#31, can be set at maximum.

The data field stores video data compressed with the

'MPEG2 method, audio data compressed with the linear PCM method,
AC-3 method, or the MPEG method, and sub-picture data being
15 graphics data compressed with the run-length method.
* e 5: PCT * e 8: DST ke

As shown in FIG.35D, the management information pack
includes two types of packets, the PCI (Presentation Control
Information) packet and the DSI (Data Search Infdrmation) packtet.

20 The PCI packet includes control information used to achieve
interactive feproductions in response to an instruction input from
the producer. The DSI packet includes control information used to
achieve special reproductions such as "fast forward."

*not : Tr fer Pr

25 The transfer process basically denotes a process in
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has been specified, control goes to step S80 in the flowhart shown in
FIG25E. "I n step S80, the scenario editor recognizes an 10 object to be
changed which is specified by the user with an operation of the nouse. In
step 881, the user drags the object to an appropriate position. The user

det er m nes yhienhPeakt QA1 HYcORSSREN Y ddidi¥®ing bk ShePeS82of i éné VORI e
whet her the position of the object has been determ ned. Wen it is judged

so, 15 conthal, 065 df %Beptﬁés'sizg'rﬁtet%\ﬁ%e | hebet | yegedigheihier 4 ess
determ ned position 1s on a link line. en 1t 1s judged so, control goes
to step S84, In st S84, ﬁe object at .,the source positipon_ i %ﬁ%ﬁt d.
In the ol FSRRSTT e sss, THEe Beptse® dsamey tyaiednto nRinpd, Histafisoray
position. 20 3.2.5: Interactive Control ,Add Mode Wen_ it is judged in step
S50 that tRF@test dfaSEARE IRl ACPIAIURIIO AL FdleSs 9B5ieGtSd, control goes
to step S151 in the flowchart shown in FI G 26A. In step S151, the user
noves the cursor by Jdferatpagtifulablye. the sudiosreomponents jqanpentiaiing
25 any oval has been entered by the user. Wien it is judged so, the
at the end of the audio data to be included in one VOB are cut and
the cut audio components are added to the start of the audio data
to be included in the next VOB, which is also called a correction
process. In the above correction process, the audio components
10 that are arranged behind the last video component in the VOB are
cut.
Now, the reason for performing the correction process
is described below with reference to FIG.36.
FIG.36 is a schematic representation of the transfer of
15 VOB packs from the track buffer. The drawing is used to explain
the timing of the transfer and the change of the buffering amount
for video and audio decoders. Note that in the disc reproduction
apparatus, the video, audio, and sub-picture decoders are
implemented on the AV decoder unit. Accordingly, the AV decoder
20 unit is a generic name of decoders of the disc reproduction
apparatus. In FIG.36, G3 represents the track buffer storing
VOBs. Gl represents video packets transferred from the track
buffer of G3 to the video decoder. G2 represents audio packets

transferred from the track buffer of G3 to the audio decoder. @G1,

25 G2, and G3 are on the same time axis which is shown above Gl. The
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57 . VOB] as the entered oval is identified in step S153. The
managenent information elenentary streamis to be interleaved into the
entered VOB. In the follow ng steps, the reproduction control information
that' is to be witten into the managenent information 5 el enentary stream

I s gener asRgll | FesSt@igIdHlin &I eepreesnp putHENY THE | PiXst Ppablc@fathe VOB
position change node and a newly generate edit node, is displayed. The user

selects agnghi 9 ch" i3 AheSHthaddndiit | HEGHIORIatke SThECHREKEPL:h

is the newy generate edit en it 1s 10 judded so, control goes to

P S kAT i Vel B pRehS P s e, 7y
SIST. en Lagul ol o eltociet scayenge, ol o L3 Lo et splayed g g%e”zw
5 decoder unit when the SCR of the pack header matches the system
clock (STC) of the reproduction apparatus. The packs input into
the AV decoder are classified into video, audio, and sub-picture.
These packs are input to the wvideo, audio, and sub-picture
decoders, respectively. The STC is reset by the SCR of the first

1o pack of each VOB.

Gl represents video packets input from the system
decoder into the buffer in the wvideo decoder. The small
rectangles represent packets. | The area below Gl is a graph
showing the amount of data stored in the buffer in the wvideo

15 decoder. In other words, the graph shows the buffer consumption
amount. The buffer consumption amount increases as the number of
stored video packets increases and decreases as the data is
decoded to be output as images. As understood from FIG.36, the
video packs for the first image are stored in the buffer during

20 times Tbl-Tb2. At the same time, the number of stored video title
sets increases as indicated by slant line SvVi. At time Tdl when
the video pack data is decoded and output, the number of stored
video packs decreases by dl.

The video packs for the second image are stored in the

25 Dbuffer during a period betweenltimes Tdl-Tvpl. At the same time,
\

—
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15 r.eceived character sequence on the wide oval. FIG 12A shows a nenu

i mge whi ch includes the character sequence received in step S157. The two
wi de ovals arranged vertically in FIG 12A are nenu itens. The nenu item
may i-ncl ude nunerals which correspond to nuneral keys of a renote

control | erthe hhmbeumerfalstored Galde o2l Ned t H HCFSasds NBHUi hHEBRERR BY
specified by a channel nunber input by the user. Hereinafter, the nenu

itens are sphhedoh@nng. ISWRs 3mA18erSYASH' S Zatdply 'igs%fﬁgaqsgngﬁgyg%g |

Mode After the channel Ttens are created, control proceé

in- I [ [ | H8 eneration. Ln -
200" S ORI MBI S RLERN Shaon 8 S e
kPC;QSBth 6§n%g%?ﬁérgﬁé§gnisaggcggggpel itemj in the vertica irec .

5 The transfer of all the video packets in Gl is complete
at time Tvfl. The decoding and output of these video packets are
complete at time Tvf2. As described above, there is a time lag
between the transfer cqmpletion time and the data output
completion time in the vidéo decoder. That means, there is a wait

10 time between the start of transferring a VOB from the track buffer
to the AV-decoder and the actual display of the second image. 1In
FIG.36, the wait time is a period between times Tbfl and Tbf2. On
the ofher hand, after the transfer is complete, the image output -
continues. In the example of the present drawing, after the

15 transfer of the video packets is complete at time Tvfl, the image

output using the data stored in the buffer continues until time

TvEZ. .
G2 represents audio packets input from the system
decoder into the buffer in the audio décoder. The small
20 rectangles irepresent packets. The area below Gl is a gréph

showing the amounf of data stored in fhe buffer in the audio
decoder. The relationship between the buffer consumption amount
and the number of stored audio packets is the same as the video
decoder. The data input at time Tadl is output at time Tapl. It

25 should be noted here that the buffer in the audio decoder has a
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chart which includes channel itens with j=1,2 for channels CH1 and 5 CH2.
In step S160, it is judged whether a channel itemj has been selected. Wen
it is judged so, control goes to step S161. In step S161, a part of the

sel ected channel itemj is reversed in color as the user drags the cursor

i nsi de the.ghaniel 41k} epehathae bRetHeustded MedajerSl62s ia result,
judged whether a tine zone has been entered by the user. Wien it is judged

S0, cont ! okpg083eld SLEP {3 Gt LRoTLAPiRIeRe BubfdR 4000 Urie ISR IdikAfigPMs

the wwdth © e reversed part, ere the nmenu itemis displayed in

hr oni i on, duri he t.in , :
f?ﬂéhéﬁsgé %Z%gﬁélQﬁetar-lioh'sﬁ‘ée??ﬁﬁeéﬁ&%ﬁ@aﬁ%ﬁiai T
synchroni zat i t i . 2.7 ;
A or mat | GRDERT RS \BHRLO4aNa (it G 1059 SHE BRALOBACO%SPe et ol AR

control proceeds to step S165 shown in FIG 26C for the 20 reproduction . .
cont r o5 i ninmediabelynbeforedshel gorrepronesnga videre dasaddic Outpite | Fhis
di spl ayed. The
is why no audio packs are arranged around the start of the VOB of
G3. The first audio pack starts to be transferred to the audio
decoder arranged at time Tdl when the first image is displayed.
On the 6ther hand, audio packs for storing the audio data
10 corresponding to the image having been transferred to the video
decoder by the time Tvf are arranged at the end of the VOB of
G3.
As understood from the above description, generally,
audio packs gather at the end of a VOB. The next VOB is not
15 processed until all the audio packs at the end of the current VOB
are transferred eveﬁ if all the video packs of the current VOB
-have been transferred.
For the reason described above, the system encode unit
16 transfers the audio packs concentrating at the end of one VOB
20 to the next VOB. It should be noted here that this process is
available due to the establishment of the VOB route information.
For achieving branches from the routes, special processes are
further required. For example, for the VOB connection relation

information shown in FIG.7A, certain processes should be performed

25 for VOBs v#3, #7, and #9 which relate to the reproduction at a
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(general ly
informatio
and "right
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15

20

ence table includes a reproduction control information entry

the horizontal direction, and channel itemj in the vertical
In step S166, it is judged whether a 25 channel itemj has

ted. Wien it is judged so, control 59 goes to step S167. In

bitavrchy RS dtspr @adcliogs ea&d,r oF¢i0f oanat e ivhicdH er€tatat ot the
on control information entry colum for the sel ected channel item

i cont kol inf j4 in . : |
RPSuRE i 5AN GO0l t&dgfgreeng;gelg& Gd1de e J?gyarag%rtggﬁﬁearta d Yoranch

hiTght 5 conmmand) ‘ed by the uction

YRS LS5 TEILY LRSS Yt o B LISy v

menu It a Co

A5 B B B B S i, BT o D
"ofkeosé %?#% I’;F;‘:I;U sletn(:i:mi:ot Ci:h%e Sstglr%cst %cj‘.' both VOB #7 and VOB #9. .As
for the reproduction at a merge point, the reproduction proceeds
from either of VOB #v4 and VOB #v8 to VOB #v4. Therefore, it is
not available to simply transfer the audio packs concentrating at
the end of one VOB to the start of the next VOB. As a result, all
the GOPs of the merge point, VOB #v4, are transferred to the ends
of VOBs #v8 and #v10. This makes both images immediately before
the transfer the same. With this arrangement, the same image is
reproduced at the end of VOBs #v8 and #v10 when the reproduction
proceeds from either of them to VOB V#4. After this process,
audio packs are transferred in the same way.
* : I rleav ith Inter

The VOB interleave with interleave units is
indispensible for achieving the seamless reproduction.

The seamless reproduction éf two different VOBs is
achieved in spite of the occurence of the disc seek if the buffer

of the reproduction apparatus has a sufficient capacity. That is,

images are displayed without gaps if the disc seeks end and the

first screen of the next image is prepared before the data stored

25

in the buffer has been reproduced. The maximum distance in the

disc seek for achieving the seamless reproduction, namely, the
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After the reproduction control information including these contents is
I nput as shown in FIG 12C, control goes to step S169. In the exanple shown
in FIG 12C, the reproduction 15 control information instructs the disc
reproducti on apparatus to proceed to reproduce route P #2 shown in FIG 6A

when the pRPEichaMdietaade ivetsRlartvohs ardgedpodthe aosteib dbtalisied
the menu rtemfor CHL is selected. In step S169, the granmar of the entered

reproduct keegﬁgccxg%ﬁpfef négfgaei'tgn | spitfiecked. tHBeRORS SfSPT Enar @chaikdd N

t he grammar control es t0 step S170. In step S170, encode

P T e Sk BhaiL BhC R I A el Bl AR
interactiye control_ add node. 25 , Control then goes to st%&i§;71
shown i n BPEEYeEr 13}l gepe disc reproduction apparatuses are not necess Y
5 be equipped with a memory with sufficient capacity. Especially,
commercial AV apparatuses used as the disc reproduction
apparatuses are subject to a strict restriction on the capacity of
the memory. As a result, the maximum seek distance is about
10,000 sectors in case of such commercial AV apparatuses. 10,000
10 sectors correspond to 20MB. It cannot be said that this wvalue is
great from the viewpoint of the achievement of the seamless
reproduction.
The reason for the above statement is that the maximum
seek distance corresponds to image reproduction time of only about
15 40 seconds when the bit rate of the video information is set to
4Mbps. Even when only two types of video data are provided as
options for the exclusive reproduction, each option is reproduced
for only about 40 seconds.
To achieve seamless, exclusiye reproduction, each VOB
20 is divided into interleave units which each have about one second,
and all interleave units of the VOBs for the exclusive
reproduction are alternately stored in a disc. The section on the
disc alternately storing interleave units is called the interleave

block. Note that VOBs'themselves are interleaved based on MPEG.

25 Accordingly, interleaving of VOBs are called the VOB interleave to
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changi ng the display position of the menu item In step S171, it is judged
whet her a nmenu itemis specified with the cursor. Wien it is judged so,
control goes to step S172. In step S172, the user noves the nmenu item
specified with the cursor by operating 5 the nouse. In step S173, it is

j udged whepherqi e FErit dt&dn Faombeehee M eE €l edEN bllodks j Udged tie  above
control goes to step S174. In step S174, coordinate information is

gener ated 4,ag68h08ECEALN! GoRNEnE 1R8ErRASLL! ARIPL, ! BReMRAiNUATb Aeight
par anmet er abl & T hs ruc?lng the 8ISC reproducti on apparatus to display the

menu 10 it I n_accqrdance with the coordipa I_nf.or mt ' a .
s | woofbn SR SRk BRPPRRUCET b colenainedl nbpBlErERE te8”
control goes to step, S176 shown in FIG 25A. In step $176, directory ./ VQ UVE
i's generat@HSFﬁH?ﬁéW¥¥RxﬁQFQHﬂqhguﬁeqm4eﬁﬁerPBFPQ%F281§téﬁ BPFPL ﬁglgdikt%
scenario is noved into 15 the directory /VOLUME. The control then
proceeds tBI6t383 ShRWssHuwh images ava. eaceded basedatatorths QUACEF cofr dhe

seamless flag. As shown in FIG.33, the image information with the
seamless flag OFF is encoded into a plurality of interleave units
which each have one second.
* : Bi ream fo rdi
10 In the present embodiment, it is defined that the
authoring apparatus creates data called a "video title set." The
video title set is a unit including a.plurality of wvideo work
titles. Each video title set includes a plurality of pieces of
video information and information for controlling the reproduction
15 of the plurality of pieces of video information. Note that it is
desired that the plurality of titles in a video title set are
managed together. In one method, for example, a plurality of
titles having the same images in common are included in one video
title set. 1In case of film applications, for example, various
20 versions, such as a TV broadcast version and a theéter version, of
the same film are managed in one title set.
* 10: Disc Index
The disc index used in the present embodiment is defined
as information unique to "video title set management information"

25 which is uniquely used for the video title set. The video title

.
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FIG 27A is a flowhart show ng the procedure of generating sub-picture

el ementary streans by the edit unit 15 20 based on the setting in the

i nteractive control add node. The variable i appearing in this flowhart
speci-fies an arbitrary nenu itemanong a plurality of manually input nenu

items. g€ mat{deamdrft infSrmd 186 datblffes & vididh N@ t1dWde management
Accordingly, in the present flowchart, "nmenu itemi" indicates the 2 ith

Teny |t eMeaprtie i3eAles rn 590 S0 ChiEdeth 0 HE A RUFOUNPTa program

paraneter anong a plura encode par ers automaircal l'y gen
the interagtiyve control .add e. Accordi ngly, "encode paraneter i"
i ndi cat es G Qt%PéhﬁHﬂﬁ§?ﬁuég§L%w. The maxi mum val ue of the variable i
is represented as "max" in the 5 present flowhart. In step S180, variable
i is set to "1." |InTBeeyidegititle set management table shows the index,
5 namely, the internal construction, of the video title set
management information, such as information or tables included in
the management information.
The program chain information table includes a plurality
of pieces of program chain information, and a plu;ality of program
16 chain attributes corresponding to respective pieces fo program
chain information. The whole program chain attributes are called
an attribute table.
The title search pointer management information is an
index showing relationships between each title and each of a
15 plurality of PGCs included in a video title set.
Chapter 5
The above embodiment describes a system only as an
example that is considered to show the best éffects at present.
However, the present embodiment can be-mbdified as follows:
20 (a) The process management unit 17 of the present embodiment
extracts audio elementary streams for the VOBs which may generate
a time lag obstructing synchronization. However, this process may
be replaced by anéther process as far as conditions on the audio
data are satisfied when it is reproduced in accordance with the

25 edited reproduction scenario. Alternatively, the encode
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menu itemi is encoded into a sub-picture elenmentary streamin accordance

with the encode paraneter i. In step S182, the VOB nunber #k correspondi ng
to the encode paraneter i is read. In 10 step S183, the channel nunber #]
corresponding to the encode paraneter i is read. In step S184, a

directory paYametlerauhBiyCc e @riddesiseagenerated. In step S185, the file of

the sub-picture elenentary streamis noved into the directory /VOB

#k/ SubPi cture/ CH ing %igé’d&r}tmetmbojcﬁme iclggﬁ,teﬁ rocys n% enflid e ey

/ VOB #k/ Navi gati on |s gener I'n step reproduc n contro

0Lk AL FUbEE SohESLGEly VEBAR PR e o
negative, control %pes to step S189. ste S189, the varlable
i ncr enent edFIRE ezcﬁoéorﬂhteole%?lr"@c aqductign effer the 9‘35{%%31%

of Managenent Information FIG 27B is a flowhart show ng the procedure of
gener at P ng seenagérehasi heennedied el P anpoegsed® 4hpa IRerdpinmadigo fHhat

conditions on the audio data are satisfied when it is reproduced
in accordance with the edited reproduction scenario. Accordingly,
this prdéess may also be replaced by another process.

(b) In the present embodiment, the authoring apparatus creates

10 video works for the DVD as thé recording medium. However, the
apparatus may create video works for digital broédcastiné in which
MPEG streams are broadcast in the satellife broadcasting. In
achieving this, a method, such as the frequency interleave mathod
or the time-axis interleave method, 1is used to transmit a

15 plurality of MPEG streams while keeping the MPEG streams available
for the exclusive reproduction. In the time-axis interleave
method, transmission of an MPEG stream for +the exclusive
reproduction is waited for, and the MPEG stream is reproduced with
the transmission timing.

20 (c) In the present embodiment, the VOB access table in the PGC
information stores address information which includes addresses of
VOBs, and the disc reproduction apparatus reads the VOB based on
the information. However, a part of the area recording each VOB
may be written into the VOB position information so that a part of

25 each VOB is read through the optical pickup. The part'of the VOB
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25 . The variable i appearing in this flowhart specifies an 62
arbitrary directory anong a plurality of directories in the record unit 12
corresponding to the respective VOBs. The variable i is regarded as an

ordi nal nunber. Accordingly, in the present flowhart, "directory VOB i"
i ndi cat es jisheahiBgdar ee& 21y VOB £ fuch X iaFanyeineft of chll9 ¥apapP! 6f ieddn
represented as "max" in the present flowhart. I'n step S200, variable i is

t to "1lyagl t : ts i . i TRE ' '
composed SPPngay B8, HEa B EBPRAET A QTR HAG, BRRIERLALY SF'GRROTLY,
gener at ed ugper dirgﬁkﬁ;y [ VOB #k/ Navigation. In doing so, the edit unit

15 obt ai nd & te required to reproduce the video, audio, and

sub-pi cture of around 0.5 seconds_calculated in the first_ path of MPER
encode. TH&)ed™t the Present smbadifefites the sub-picture data is the image

5 data of sub-titles. However, the sub-picture may be vector

graphics or three-dimensional computer graphics (CG). By using
such image data, it is possible to provide a game which is
composed of a combination of compressed moving pictures taken on
a spot and CG.

10 (e) In the present embodiment, one VOB unit corresponds to one
GOP. However, one VOB unit may be composed of two or three GOPs
as far as the time taken for reproducing the video of the VOB unit
is about one second. In this case, the management information
pack is arranged at the start of a plurality of consecutive GOPs,

15 the management information pack including reproduction control
information effective on the plurality of consecutive GOPs.

(£) In the present embodiment, the audio data is PCM data or AC-3
data. However, the audioc data may be of another type as far as it
can be interleaved into the system stream. For example, the audio

20 data may be compressed PCM data, MPEG audio data, or MIDI data.
(g) In the present embodiment, the wvideo déta is digital wvideo
data based on the MPEG2Z method. However, the video data may be of
another type as far as it can be interleavéd together with the
audio and sub-picture data. Fér example, the video data may be

25 digital video data based on the MPEGl method. Alternatively, the
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the transfer rate for each of the video, audio, and sub-picture 15 streans.
The edit unit 15 also calculates the buffer size. The managenent

i nformati on for specifying these pieces of information is converted into
the pack data format defined in MPEG to generate managenent information

packs.

vikdeo ratagawentbe i di@i tal | gatel EoenivhAlyhsbr eaiviex sjone radigad iltyhm

arrangi ng these managenment 20 information packs in a tine series. In step

S202, it icthiedd@pdnvidlchecTd qm@,@i@tleo CosAle FranfrdriBt 1@Nuselds set in
VOBi . When it is judged so, control goes to step S203. In step S203, VOB

' h t \Y/ V
;J P:rzeszc()ngr(gé? ﬁln?’%lﬁeg?gg?%%r&%cﬁ%enr%n%ﬁeoﬁélﬂ%ge}ﬁ%%ﬁ]&nﬁJ are F%l k%(# | eds

In step S204,, 6 t he r r uct.i.o contr

t he PCI
5

10

15

20

f,
A OEBEE it 67 BT e Ty chBnt e Tl Son TRAER SHROM e

However, it will be obvious that when the compression method
changes to another one, the manégement information pack is
included in the unit unique to the method.

(i) A recording medium recording a machine—languége program of the -
procedures of the data input unit 13, edit unit 15, system encode
unit 16, process management unit 17, and disc format convert unit
18 (refer to FIGs.24A-32B) may be marketed. For example,
recording mediums such as an IC card, optical disc, and floppy
disk can be used for this purpose. The machine-language programs
recorded in such mediums are installed into generic computers for
use. The computers achieve the function of the authoring
appafatus described in the present embodiment by sequentially

executing the installed programs.

N R E IBILITY
As apparent from the above description, the method and.
apparatus of the present invention for generating bitstream help
broducers create film applications of a multi-version type in
which different versions are managed together, where the different
versions include, for example, versions with a viewing limitation

differently imposed on adults and children, versions with
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in the start of VOBU -VOBWk. In step S205, it is judged whether variable
is equal to "max." Wien it is judged as negative, 5 control goes to step
S206. In step S206, the variable i is increnented by one. Control then
returns to step S201. The processes fromstep S201 to S205 are repeated
until it dffféﬁgﬁﬁiééméﬁﬁiéﬁ?Fééﬁ S EPi SRY5for Theatéhe, pandessrofonsefor
present flowchart ends. By this tine, managenent information elenentary 10

stream hag, B RENAALd hRcoRAtRgYPP. 1180 tesént I oitventlok hes cdrfeonivb

t he reproduction scenario ends wt t he operation of the process

managerent, Yol ledving, SOS5 LA BSLOEadh Shs BEMAAL Al OLs Y OESRSn MapEgeTeNt

Unit 15 € process managenent unit 1 S

described with reference to the flowharts shown in ELGs. 28 .

3.3.1: Generation ofl§es EBRnEEEhQ ?%‘?a?QQﬁFarQ‘rﬁsorq}atti npﬁeae%% f"gggnggén

flomchart show ng the procedure of 20 generating, VOB connection_rekatton

i nf or rhat | Hor byenératingchitstream are effective in creating optical discs
storing film applications of a multi-vé:sion type for commercial

AV apparatuses which are not expensive and have a limitation on

the capacity of the memory installed in the apparatuses.
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encode paranmeter generation unit 17a. The variable m-appearing in this
flowchart specifies an arbitrary VOB anong a plurality :
corresponding to the respective ovals in the reproduct&m@cenarl 0. The -

variable mis 25 regarded as an ordinal nunber. Acc Mmum,mm
present 64 Substitute sheet - 1 1 Sepigrier 1998 fl et ry
VOBnt' "i ndi cates the nth directory VOB. The maxi mum val-we—of the valiable m

is represented as "max" in the present flowchart. In step S91, a tenplate
of the VOB connection relation 5 information #m which includes VOB #m
|

Cor oooT P9 Aophssalah GEeR A0S el B8 Shietdidrty 4 Ff e ream
L;‘g?ﬁgﬁﬁz Cl{]r}ecg]raﬁcﬁ\;tg% %ron%liglragggi_ t 8f Stvei%esog3 bbljgc?:tse ptggsbe t hsetored in an
3 information recording disc, the bitstream generation apparatus
4 comprising:
5 a video eﬁcoder for encoding a plurality of pieces of
6 input video information to obtain a plurality of pieces of video
7 data;
8 an audio encoder for encoding a plurality of pieces of
9 input audio information to obtain a plurality of pieces of audio
10 data;
11 a recording means for recording the plurality of pieces
12 of video data and the plurality of pieces of audio data;
13 a structure information receiving means for receiving
14 structure information which shows correspondence between each of
15 the plurality of video objects and each piece of video data and
16 each piece of audio data recorded in the recording means;
17 . an editing means for editing repfoduction route
18 information in accordance with an instruction from an operator,
19  the reproduction route information indicating a reproduction order
20 of the plurality of video objects when the information recording
21 disc is reproduced by a reproduction apparatus;
22 a correcting means for correcting each piece of audio

23 data coriesponding to each of the plurality of video objects in
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the VOB connection rel ationy ' S Witten as SINGLE. 10 Wen
It Is judged as positive m”l“'ﬂ"ﬁ!ngmﬂub "goes to step S94. In step
S94, the pre-connection type*oftthe scohihection relation information #m
is witten as MERGE. In step S95, the oval #n, which is the Iink source of
the ovdl #agcosdamentwitieda 1imbt&piSY6impbSedr 6n CORBRCSE OEhY B aFal hey VOB
connection relation 15 information #mis witten as VOB #n. n step S97,
L1 S A0l SRc S GedeRliBnt VBn O ndTF pt ddic it | dRid0IhdiRa bl Ehe

#m Wien it is judged as negative, control goes to step step

the pogt- | f. L negcfion relation information #mi s
witten as %E ﬁ%gtk mer?q‘l_et Efﬂgoj}’ﬁ%ggﬂas%% %%Ef??@%nﬁiﬁng?e SEg Showp, Lp
goes tQ st S99. In ste 99, the post-connection type of the VOB

connec ionﬁf%%‘i%%t%? of?g?’F%ths witten as BRANCH. In step S100, the
oval #5#2% which is the Iink destination of the oval #m is identified. In
step $£01, the post - 8BnHRESTRAYAT greante foopdtvhfibey j@ach @fatthencorrected

information #m 25 is witten as VOB #p. In step S102, it is judged whether
the V@8 6¥ieces of audio data and the plurality of pieces of video data

30 into blocks and interleaving the blocks to obtain the plurality of
31 video objects by arranging the blocks in accordance with a
32 predetermined rule; and

33 a generating means for genérating the bitstr_eam from the
34 plurality of video objects and the reproduction route

35 information.

1 2. The bitstream generation apparatus of Claim 1, wherein

2 the limitation imposed on each of the plurality of video
3 objects dependent on the reﬁroduction order is a limitation
4 required to a;low the reproduction apparatus to change, in
5 reproduction, from one video object to a next video object with a
6 predetermined display rate, wherein

7 - the correcting means includes:

8 a first correcting unit for cutting one or more blocks
9 located at the end of a piece of audio data corresponding to a
10 video object and adding the cut blocks to the start of anotﬁef

11 piece of audio data which corresponds to a next video object.
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#m is under an excl usive re roduct i . Wien it is judged as positive,
control goes to step SlO “u EﬂtEﬂ the interleave flag is set to "1."
When it is judged as neg 2, control goes to step S104. In
step  S104, the interl eave flag |s 5 set to "0." 3.3.2: Process Managenent

FIG 29 is3a frRechatstebam Qénébatﬂbﬁcaﬁpéﬁaﬁﬁstbf plLatmsg, nehagetmnt unit
17a. The variable i appearing in this flowhart specifies an 10 arbitrary

rectangl e (reproductdon yiuiie) Eﬁ“ﬁgléh@lEE@%'EﬂeOén&eéfaagbﬁécénofh%udlo_
edited illustrated conp05|t|on of a reproduction scenarlo The variable i

TS AR ALt R R R R A e

val ue of the 15 vari lei isre nte ' g
romcH%rtthe vgdeo og?ect corres on Eng goa%he plece o%h uaio Saga.

1 4. The bitstream generation apparatus of Claim 2, wherein

2 the reproduction route information includes
3 specification information specifying the video object and link
4 information of the next video object,

5 the editing means includes a link unit for settiﬁg the
6 specification informetion and the link information into the
7 reproduction route information, and

8 the correcting means includes

9 . a second correcting unit for cutting one or more blocks
10 located at the end of a piece of audio data corresponding to a
11 link source video object which 1links to a plurality of link
12 destination video objects and adding the cut blocks to the start

13 of other pieces of audio data which correspond to the plurality of

14 link destination video objects.

1 5, The bitstream generation apparatus of Claim 4,.wherein

2 the correcting means includes:

3 a third correcting unit for cutting one or more blocks
4 located at the start of each piece of video and audio data

5 corresponding to a link destination video object which is linked
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In step S300, it is judged Ilustrated conposition has been
edi t ed. When it is judged EI ﬁ"l"iﬁﬂl ﬂm goes to step S301. In step
S301, the variable i is set t ceedi ng step S302, the

reproduction route i is 20 obtained fron1the illustrated conp05|tion. In

step S303frémearppupdUitiyobfol iRk 8b6u¥YEB vidébeobgpebguahdoadadtiethei sut
conpared with that in the preceding editing. In case there is no preceding

edi ting, Mlscksprced%@ Ol lotiHe At 5 WD ASE t@m@olén&ssédisrda{as which
conpari son. In step S304, it is judged whether the 2

reprogyct Yg of . V. %; e %ﬁg S egb
posi tive, é%%ﬁ§é ?ﬁ%oég ?%és gg? an %g%%é Y%gggu @é?ggex racted
again._In the foll ow st eps 8306 to S310 st.em encode uni_t
Zotivated o generafe BUEE! ERFEPFLLRD wét% ST BT Mareshlocks
format convert unit 18 is activated to
located at the end of a plurality of pieces of audio data which
11  correspond to the plurality of link source video objects and have
12 been corrected by the third correcting unit and adding the cut
13 blocks to the start of another piece of audio data which

14 corresponds to the link destination video object and has been

15 corrected by the third correcting unit.

1 6. The bitstream generation apparatus of Claim 1, wherein

2 each of the plurality of pieces of audio data obtained
3 Dby the audio encoder uniquely includes a reproduction start time
4 and a reproduction end time,

5 the limitation imposed on each of the plurality of video
6 objects _dependent on the reproduction order is a limitation
7 required to allow the reproduction apparatus to change, in
8 reproduction, from one video object to a next wvideo object,

9 keeping a synchronization of a video display with an audio output,

10 and
11 the correcting means includes
12 an adjusting unit for, based on a reproduction end time

13 of a piece of audio data corresponding to a wvideo object,

14 adjusting a reproduction start time of a piece of audio data
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5 generate a di isc | mage. 3.3 Audi o Extract:on FIG 30A is a flowhart
showi ng the procedure of the um mll uwnllum The variable j appearing in
this flowhart specifies an anong a plurality of VOBs in a
reproduction route whose reproductlon order has been confirmed to have
changed. cbirrespdmiilgy itd & mRGAS dadiers ¥y tdi nal nunber. Accordingly, in

the present flowhart, "VOB " indicates the jth VOB in the .
reproduction route whose reproduction order has changed. The 15 naxi num
value of the variable j is represented as "nmax" in the present flowchart.

"l t S322,
1 Ts fudged ake Bt ERAR et AL apbarandh o1 LSRR Mt haged s

negati ye, control go Se to,ste 20 83 In step S323, a tinme |ag dT between
thg eng times of vid eﬁgﬁgﬁE&Fﬁj QﬁRPE&RHorQFéﬁgﬁgaﬂ@?Jt@%:ﬁtrUCture

cal cul at ed. In the audio
3 " information receiving means includes a plurality of pieces of

4 specification information which each show correspondence between
5 each of the plurality of video objects and one or more pieces of.
6 video and audio data to be interleaved into each video object
7 among the plurality of pieces of video data and the plurality of
8 pieces of audio data recorded in the recording means,

9 the correcting means includeé

10 a judging unit for judging whether the reproduction
11 order indicated by the reproduction route information matches a
12 temporary reproduction order which is shown in the structure
13  information to detect a wvideo object group with a changed
14 reproduction order,

15 the adjusting unit adjusts reproduction start times of
16 a plurality of pieces of audio data corresponding to a plurality

17 of video objects included in the video object group.

1 8. A bitstream generation method for generating a bitstream
2 including a plurality of video objects t§ be stored in an
3 information recording disc, the bitstream generation method
4 comprising:

5 a video encoding step for encoding a plurality of pieces
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followi ng step S325, an au aft time Ts is calcul ated based
on the tinme lag dT. Such “Mﬁm due to the difference between
t he sanpling accuracies of vi deo. For exanple, the
sanpling accuracy of the NTSC-net hod 67 V|deo signal is about 33nsec,
whi | e et heoBatippufg veeisy abyfefmd titootby obEainTed hplluaalli by siognadiece sibost
32nsec. It indicates that there is about 1nsec of difference between their

sanpl iNg |Lddl Ad18S aref eicddddnll FRe! éﬁtaﬁned CFl_lurality RfCHitehsane¢ ¥#88eo
show a procedure of calculating™the tine |ag extraction start tine Ts,

and extrag é?%ﬁ?%kxﬁﬁéﬁ roducti on or der changes from VOB

#1- VOB #2 q#?Q?QéC%% %%B #3. VWien VOB #1 is replaced with
VOB #15, audi o packs_ Al - AlD are r Ia e audi o cks wever,
L0 there 15 tine T agRAT e ERCPRE Be WHHcEP BN TIRPTiiies S0k el L ' 8F

10 pieces of input audio information to obtain a plurality of pieces
11 of audio data and recording the obtained plurality of pieces of
12 audio data into a recording means;
13 a structure information receiving step for receiving
14 structure information which shows correspondence between each of
15 the plurality of video objécts and each piece of video data and
16 each piece of audio data recorded in the recording means;
17 | an editing step for editing reproduction route
18 information in accordance with an instruction from an operator,
19 the reproduction route information indicating a reproduction order
- 20 of the plurality of video objects when the information recording
21 disc is reproduced by a reproduction apparatus;
22 a correcting step for correcting each piece of audio
23 data corresponding to each of the plurality of video objects in
24 éccordance with a limitation imposed on each of the plurality of
25 video objects dependent on the reproduction order indicated by the
26 reproduction route informatién, the correspondence being shown in
27 the structure information;
28 ' an interleaving step for dividing each of the corrected
29 pieces of audio data and the plurality of pieces of video data

30 into blocks and interleaving the blocks to obtain the plurality of
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audi © pack A7 and the video el r This indicates that the
audi o el enentary stream of Vﬁﬂiﬁiﬂ“ﬂ[’mmgﬁmt han the video el enentary
stream of the sane VOB by ti _— i s happens, the extraction
start time Ts of the audio elenentary 15 streamfor VOB #2 is del ayed by

the t3me vagedT.odN@its vayy alkeahging SstiglUd1dcks' Oin tAEcEXA&REE T Gt algt

time Ts is set to the start time of video elementary j. In step S326, a
time geripgded¥toimdn¥lideq el egrgtary to be interleaved into jth VOB in the
reproduction route i is calculated. 20 In the follow ng step S327, the

ond 11 of t he vi GegoREabiflg; BEaR1E0r GRS S DAl A e B
' Ta=Tv) . I h I h in FIG 16B, th traction tine
bert off TSP LETRALEY i (R SBILRRT (9 SORT o @Rhrentaey HERERIETAOS CAMERe:

than the video elenentary streamby tinme dT and the time 68 REPLACEMENT

SHEETSSLEFERformation.

1 9, A bitstream generation method for generating a bitstream
2 including a plurality of video objects to be stored in an
3 information recording disc, the bitstream generation method
4 comprising:

5 aﬂvideo encoding step for encoding a plurality of pieces
6 of input ﬁideo information to obtain a plurality of pieces of
7 video data and recording the obtained plurality of pieces of wvideo
8 data into a recording means;

9 an audio encodin§ step for encoding a plurality of
10 pieces of input audio information to obtain a plurality of pieces
11 of audio data and recording the obtained plurality of pieces of
12 audio data into a recording means;

13 - a structure information receiving step for receiving
14 structure information which shows correspondence between each of
15 the plurality of video objects and each piece of wvideo data and
16 each piece of audio data recorded in the recording meéns;

17 an editing step for editing reproduction route
18 information in accordance with an instruction from an operator,

19 the reproduction route information indicating a reproduction order
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| ag between the end tines ntary and the extraction is
equal to the certain tine Bm,"rmllnﬁ EHE audio elenentary j with
extraction time period Ta'ié extractedsiremthe primary audio elenentary
stream In step S329, the audio 5 elenentary j is noved into the

di r ec20r yof VEBe #pLAndL ot PHsE ofidebeobgeetd whkh tBe TREBrmEeALAOe@B2Aihg
step S322. In step S322 in the present exanple, it is judged that"variable

j-1" 215 eqguak 19 rgg a&ﬁcé&eﬁ S§2§epﬁo&heﬁlbﬁga§ %g$£&$§n the end times of

video el enentary | nd audio elenentary j-1 at ed. In the 10

cal cufat 6d based ?ﬁ%?her?gcﬂﬂéc’sa%ét A L
d.t f th k A19 and .video el ementary stream
Vo, Thh PE! EnBURER 0B cHERHEr P oG ERIBOBAINEr Condh FRESA deBIect,

el ementary streamby tinme dT |n the 15 reproduction of VOB #15. Wen this
happeffs, gﬁ@u§§%pgcﬁ(ﬁpgggggctlon start time of a piece of audio data

25 corresponding to a next video object:;

26 an interleaving step for dividing each of the corrected
27 pieces of audio data and the plurality of pieces of video data
28 .into blocks and interleaving the blocks to obtain the plurality of
29 video objects by arranging the blocks in accordance with a
30 predetermined rule; and

31 a generating.step for generating the bitstream from the
32 plurality of video objects and the reproduction route

33 information.

1 10. ' A recording medium recording a program which is run on a
2 Dbitstream generafion apparatus for generating a bitstream
3 including a plurality of video objects to be stored in an
4 .information recording disc, the program includes:

5 a vidéo encoding step for encoding a plurality of pieces
6 of'input video information to obtain a plurality of pieces of
7 video data and recording the obtained plurality of pieces of wvideo
8 data into.a recording means;

9 an audio encoding step for encoding a plurality of

10 pieces of input audio information to obtain a plurality of pieces
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time s of the audio elenentarﬁ stream for VOB #2 is advanced by the tine

lag dT. 3.4: Operation of S II ﬂtmmmlﬂ The system encode unit 16
perfornms a transfer anount rocess and a system encode

process. In the transfer anoun tal®ulfat fon process, the VOB

connecti onofr ahaki bodaital ANtAlHe¥brdE e ittid asbiLimedl pherdT1 el 6f pIELEES OFf
the audi o and video conponents at the start and end of a VOB are cal cul ated

for a ﬁgang§§§00ﬁgggciheg 5nr@859agﬁ§0ﬁe§hgh the connection 25 relation
bet ween VOBs e system encode proCess I1s performed in 69 accordance

AP L cal cul ated ) el R Thtorlfdh, BBy olo THARS L BEebORHY
conponﬁptssggaggggevgg okgaggggr% 1ghbg 8$gm%ggrespondence between each of
15 the plurality of video objects and each piece of video data and
16 each piece of audio data.recorded in the recording means;
17 an editing step for editing reproduction <route
18 information in accordance with an instruction from an operator,
19 the reproduction route informatioﬁ indicating a reproduction order
20 of the plurality of video objects when the information recording
21 disc is reproduced by a reproduction apparatus;
22 a correcting step for, based on a reproductidn end time
23 of a piece of audio data correspoﬁding to a video object,
24 adjusting a reproduction start time of a piece of audio data
25 corresponding to a next video object;
26 an interleaving step for dividing each of the corrected
27 pieces of audio data and the plurality of pieces of video data
28 into blocks and interleaving the blocks to obtain the plurality of
29 video objects by arranging the blocks in accordance with a
30 predetermined rule; and
31 a generating step for Qenerating the bitstream from the
32 plurality of video objects and the reproduction route

33 information.

1 11. A recording medium recording a program which is run on a
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5 reference to FIG 30B. Th [ earing in this flowhart
specifies an arbitrary pi eqmmjﬂ@m?ﬂjﬁﬁn on relation informati on anong a
plurality of pieces of VOB GO i on information autonmatically
generated in accordance with the reproduction scenario. The variable k is

regar ded wist Str&dmli NgéndPatoibeappafaeakdi Faly, gohdriipiesent bHivvehesn,
"VOB connection relation information k" indicates the kth piece of VOB

connegt i hon 4 nhe i @R T | guhevisuergf gdie srjdedpl enk ha
repr esen%é%&#rlr%x'd [ % F%igcregse?lf ?Iﬁodv\%art . }é%sstgg S%lz,s vari abl g K is

post - oSt Tndrairty it YRR, BRI T Tt on K 15,

In step S214, the post-cgonnecti on VOBm of the VOB, connection.relation
nfor fat i on k 15 andl YRee0 SHratifly SEE8, CoRoSRRtR AR AR ArALIGH RE BuaFsS
conponents concentrating at the end of VOB #k are cut 20 and transferred to
t he stéartobf ipputveEden MmEpesatiepste3obkpingmy pburasitkodd inigges 298,
are obtained after the interleaving process by the system encode unit
7 video data and recording the obtained plurality of pieces of video
8 data into a recording méans;
9 ' an audio encoding step for encoding a plurality of
10 pieces of input audio information to obtain a plurality of pieces
11  of audio data and recording the obtained plurality of pieces of
12 audio data into a recording means:;
13 a structure information receiving step fof receiving
14 structure information which shows correspondence between each of
15 the plurality of video objects and each piece of video data and
16 each piece of audio data recorded in the recording means;
17 an editing step for editing reproduction route
18 information in accordance with an_instruction from an operator,
19  the reprodﬁction route information indicating a reproduction order
20 of the plurality of video objects when the information recording
21 disc is reproduced by a reprodﬁction apparatus;
22 a correcting step for, based on a reproduction end time
23 of a piece of audio data correspohding to a video object,
24 adjusting a reproduction start time of a piece of audio data

25 corresponding to a next video object;

26 an interleaving step for dividing each of the corrected
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16. - It 1is understood by ' FI G 21A that audio conponents
concentrates at the end of V(%! "mm,,tm,u' VOB #3 25 is subjected to
the transfer process of step ¢ e, sitams 70 recogni zed that the
post - connection VOBmis VOBs #7 and #9 by referring to the VOB connecti-on
rel at37on phécesnbiformudicAsiata esnd t thé hplawndiotgosFopdricePiot heidébdt 8ata
hal f of VOB #3 are cut and.transferred to the forner half of VOBs #7 and
#9. 28 G 2ifo Dol \ard 4 nterbhvehhoth8f bibere MBHIA Pt HN b uRa?$eSSos! N
step S219, it is judged whet her thebpr e-connecti on VOBltype o?ituﬁg V@SO
connegdt i opy §&b atdpiedyy opat | h &1 MERE, bl 1S ] d sq.  conLrol
goes to step SZZ(ﬁ%I n stegaségg?ﬁ§h%@pre-ec\(;\%ﬁ'gg?(%on%\l/%g&g rfa%cg/cglt% a
connegyt | .RD [aformation. 10 k is analyzed. |In step S221, the video
and audi %%%égé%el %&tg%f%l‘i a%%dand audi o conponents concentrating at the

start_,of VOB #k , .
31 a generating step for generating the bitstream from the

32 plurality of video objects and the reproduction route

information.
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are cut and transferred to the end of the VOB #n video stream In step
S223, the audi o packs being the audi o conponents concentrating at the end
of VOB #n are cut and transferred to the 15 start of the VOB #k. In step
S226, it is judged whether variable k is equal to "max." Wen it is judged

as negative, control goes toAB 20F THES ( Ethe variable k is

I ncremented by one. Control then returns to step S213. The steps S213 to

S225 are repeated umlich td\gstiaii abkealn RAYHIESLSOhaWRX ddpaiidlte PEPSE$SnOf
20 the present flowhart ends. 3.4.2: System Encode After the audio

extracti OpePROERS Thel ggréd’é:t?:%g ggﬁ&d%u'é@eted:!iﬁgp%%é;t{é}? Oéegeézﬁfﬁ.@[ ﬁ%cggfm

process. In step S3 I n variable q°i s ( .
[OLt oM Noasp ARt dd's, amnedLLEELEK £ipd "R ' BdibdilR TRRERAICLSR
| function. In such a structure, a once-determined reproduction
order of the system streams cannot be changed halfway through a
process of generating the film application.

To solve the above problem, the present invention
corrects each piece of audio data corresponding to each video
object in accordance with_a limitation imposed on each wvideo
object dependent on the reproduction order. With this
arrangement, it takes a short time before a whole film application
has been created by repeating partial modifications and deletions
of video data from the viewpoint of total design. This renders

the production of a film application of the multi-version type

realistic for producers.
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Substitute sheet - 11 Septenber 1998 In step S308, the nmanagenent

informati on el ementary stream of thg'audio el enentary Stream of directory
directory /VOB #qg/ Navi gation, the audio elenmentary stream of directory

/ VOB #a/ Audi o/ CHx(x =1 to nmax). the sub-picture elenentary stream of
directory /VOB #al/ SubPi cture/ CHy(y=1 to nmax) picture elenentarry stream of
directory /VOB #q/SubicturcclG 5 , and the video elenentary stream of
directory /VOB #q/Video in the record unit 12 are interleaved into one VOB.
Then, VOB #q obtained by this progcess is stored under directory/ VOB #q. .
FI G 15 shows that the nmanagenent f‘ﬁér nktion el ement ary streamof directory
/ VOB #3/ Navi gation, the audio 10 elenentary streans of directories

/ VOB #3/ Audi o/ CHL, I VOB #3/ AypRSeHR] Aand / VOB #3/ Audi o/ CH3, the
sub-picture elenentary streans VOB #q/ SubPi cture/ CH1 and

/ SubPi cture/ CH2, and the vjdeo el enentary stre f directory /VOB #3/ Vi deo
in the record unit 12 are Ji ngerteavee—+A qne VOB. 15 In step
S309, it is judged whe R :

IMAGE 1 IMAGE 4

IMAGE 3
VERSION B |

FIG. 2A

REPRODUCTION
ROUTE DATA SET

DVD

CENTER HOLE

IMAGE 1 —IMAGE 4
| IMAGE 2

FIG. 2B

REPRODUCTION ROUTE DATA SET
CONTENTS

REPRODUCTION [REPRODUCE IMAGE 1, REPRODUCE IMAGE 2,
ROUTEDATA1 |AND GO TO IMAGE 4

REPRODUCTION|REPRODUCE IMAGE 1, REPRODUCE IMAGE 3,
ROUTE DATA 2 |AND GO TO IMAGE 4

[} L ]
[ ] *
[ ] *




to "nmax."

step S310,
step S307.
reaches to

When it is judged as negative, control goes t

the variable g is i-ncrenented by one. Contr
The steps S307 to S309 are repeated until t
"max" when the control 20 proceeds to step

0 step S310. “In
ol then returns to
he vari able q
S311. In step

S311, it is judged whether variable i is equal to "max." \Wen it is
judged as negative, control goes to step S312. In step S312, the

vari abl e i
steps S302

to 3? a repea
when the contr eeds
f or mat conv- j

VOB. In ste
packet (*notig
] 8316, PGC (”\Y\f"-]; A"‘ APTY UTA

i's incremented by one. Control then returns

4. In step S314,

nn:-r---_l | n thg

E N AUD ’

RIAL 1}
POSTRECORDIN G OR THE LIKE .

INPUT A SUBTILE USING A COMMERCIAL GRAPHICS EDITOR ]

to step S302. The

ntil the variable i reaches to "max" 25

the disc 72
e VOB table to each
witten.-in the DSI

RAATRRIAL, " °teP

COLLECTION
PROCESS

[INPUT ENCODE PARAMETERS|/S4 T

ELEMENTARY-ENCODE VIDEO MATERIAL, AUDIO S5
MATERIAL, AND SUBTITLE MATERIAL IN ACCORDANCE

ON A ROUGHLY CREATED CONTINUITY SKETCH

[AGITATE SCENARIO AGAIN

[WITH MANUALLY INPUT ENCODE PARAMETERS ELEMENTARY

g7 |ENCODE
AGITATE A SCENARIO OF REPRODUCTION BASED} »f [PROCESS

EDIT SCENARIO OF REPRODUCTION S8 'ECENARIO
USING GUI 1PROCESS
N ] AY/ A PILTIRA Y S9 T SYSTEM
ELEMENTARY STREAMS TO BE P NEODE
REPRODUCED IN SYNCHRONIZATION ENSQDE:
|INTO A VOB PR

T

ASSIGN LOGICAL ADDRESSES ON DVD 10

TO VOBS AND TO SCENARIO OF FORMAT
REPRODUCTION TO GENERATE PROCESS
BITSTREAM TO BE STORED IN DVD |

BYF N
APPROPRIATE SCENE FOR REPLACEMENT
FROM OTHER ELEMENTARY STREAMS

FOR PRESSING DVD
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5 witten. Control then returns to step S300. 3.5: QOperation of D sc Format
Convert Unit 18 The disc format convert unit 18 generates the bitstreamfor
recordi ng by assigning |ogical addresses on the DVD to the reproduction
scenario edited by the edit unit 15 and to the VOBs 10 i nto which various
ki nds of data are interleaved by the systemencode unit 16. 3.5.1: VOB
Mappi ng The addresses are assigned to the VOBs and di sc indexes in
accordance with the flowharts shown in FIGs.31A and 31B. 15 In
the flowmharts shown in FIGs.31A and 31B.  "adr" represents a variabl e used
to determine the record start address each VOB. Al so, "mark"
represents a tag used to renove addr '

the flowharts. In step S500, each 20
t he sane excl usive reproduction blo di vi de
I nterl eave units based on a presenc [ e,

wherein each interleave unit has a
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peri-od. In the follow ng step S120, the variable adr is set to the start
address of the VOB table, "VOBtable Entrey." 1In step 25 S121, it is judged
whet her there is a VOB to which the mark has 73 not been attached, where
the-mark indicates that the VOB has been assigned an address. Wen it is
judged as positive, control goes to step S122. In step S122, a VOB to which
the mark has not been attached is fetched as VOB #u. In step S123, it is

j udged whether 5 the VOB #u is included in an exclusive reproduction bl ock
#u. When it is judged as negative, control goes to step S124. In step S124,
the variable adr is set to the record start address of the VOB #u. In the
follow ng step S125, the VOB #u is assigned the mark. In step S126, the
data size of the V@B(Fu4lB added to the 10 variable adr. Control then

returns to step S121. Wien, in step S LEod S hat the VOB #u is
> SHDIGrTAL NI CE "™

14 ELEMENTARY
Yaps oHC 13 - /" ENCODE UNIT

ENCODE CONTROL] 1 4,

E] l:{} ' AUDID EXTRACTION UNIT
MONITOR

MAGNETO- AUDIO ELEMENTARY

B%ECICAL | ENCODE UNIT
L | VIDEO ELEMENTARY

KEYBOARD ENCODE UNIT

%

SUB-PICTURE ELEMENTARY
ENCODE UNIT

fhil

FIG. 4C

11 DIGITAL INTERFACE

17 PROCESS MANAGEMENT UNIT

~
| 17b
UNIT
MONITOR |  [SYRTEMENCODE 17,
IEI— GENERATION UNIT
P A~
KEYBOARD

4/53



i ncl uded in an exclusive reproduction bl ock #u,
shown in FIG31B. In step S127, variable pis set to "1." In the
followi ng step S128, variable i is set to "1." The 15 variable i appearing
in_this flowhart specifies an arbitrary VOB anong a plurality of VOBs

I ncluded in a singe-out reproduction bl ock. The variable i is regarded
as an ordinal nunber. Accordingly, in the present flowhart, "VOB i"

control goes to step S127

" indicates the ith VOB in the singe-out reproduction bl ock. The maxi mum

value of the 20 variable i is represented as
flowchart. Al so, the variable
arbitrary interleave unit annd%I

"max" in the present
pearlng in this flowhart specifies an
rallty of interleave units included

in the ithMOB in the singe:ou rpnrnrlnr"r on bl ock The variable pis
'r'_egarded asD;L(II_‘Ardi NYIOR SSEAMIRsEer .STACR‘,]DI’dI ngl ENI) n ”WMBER ent flowchart,
| nterleavenaNE “INAMEIAC  |TIME CODE | TIME CODE |gryorc
VSamplel | VOB1| 0 {00:12:00:00 | 00:12:10:00] 2 [J\TEMPORARY
VSample2 | VOB2| 0 100:13:32:00 | 00:13:42:04| 2 >REPRODUCTION
VSample3 | VOB3| 0 ]00:14:00:00 | 00:14:20:00{ 4 |/ORDER
PAUSE BETWEEN CONTINUOUS REPRODUCTIONS -
Voampled | VOB4]- 1 [00:00:00:00 | 00:00:10:00] 4 TEMPORARY
VSample5 | VOB5| 1 [00:05:11:00 | 00:05:21:00] 2 REPRODUCTION
VSample6 | VOB6] 1 00:06:00:00 | 00:06:10:00| 2 |/ORDER
PAUSE BETWEEN CONTINUOUS REPRODUCTIONS
VSample? | VOB7] 0 [00:15:00:00
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FIG. 5B
DATA |VOB CH START END
_NAME | NAME TIME CODE | TIME CODE
ASample! | VOB1 | 0 { 00:12:00:35 | 00:12:10:35
ASamplel | VOB2 | 0 | 00:12:10:35 | 00:12:20:35
ASamplel | VOB3 | 0 | 00:12:20:35 | 00:12:30:35
|___PAUSE BETWEEN CONTINUQUS REPRODUCTIONS
ASample2 | VOB4 | 1 [ 00:12:30:35 | 00:12:40:35
ASamplez | VOB5 | 1 ] 00:12:40:35 | 00:12:50:35
ASample2 | VOB6 | 1 | 00:12:50:35 | 00:13:00:35
FIG. 5C
DATA | VOB CH SYNCHRONIZATION |SYNCHRONIZATION
NAME | NAME START TIMECODE § END TIME CODE
SPSamplel | VOB1 | 0 | 00:12:00:35 | 00:12:10:35
SPSample2 | VOB1 | 0 | 00:13:32:00 | 00:13:42:04
SPSample3! VOBI { 0 § 00:14:00:00 1 00:14:20:00
SPSample4 | VOB1 | 1 | 00:00:00:35 | 00:00:10:35
SPSample5 | VOB1| 1 | 00:05:11:00 | 00:05:21:04
SPSample6 | VOB1 | 1 | 00:06:00:00 | 00:06:10:00



p" .indicates the pth interleave unit in the i VOB. The maxi mnum val ue of the
variable p is also represented as "nax" in the present flowchart. In step
S129, the ith VOB (VOB #i) in the singe-out 5 reproduction bl ock #u,
whi.ch includes VOB #u, is read. In the follow ng step S130, the variable
adr is set to the record start address of the interleave unit p of the VOB
#1. In step S131, the data size of the interleave unit p is added to the
variable adr. In step S132, it is judged whether variable i is equal to
"max." 10 Wien it is judged as nizgtive, control goes to step S133. In
neA

step S133, the variable i is inch by one. Control thepsaklturns to
step S129. The-steps—S1i20t0-Sl32 are s . : :

e le i
reaches to "rnepe—when the control proceeds to step S134f | S134, it
I s judged whgt rTable p is equal to 15 "max." \\hgn j udged as
negative, cortro Q Step S135. In step S135, the jar pis
I ncrenment ed I ol then returns to step S128. fhe S128 to

S135 are repe

FIG. 6B
ROUTE

NAME CONTENTS
P#1 |REPRODUCE V# 1 REPRODUCE V# 2 LNKTO P#2 .

P # 2 |REPRODUCE V # 3 REPRODUCE EXCLUSIVELY A # 1 REPRODUCE V# 4 LINKTO P #
P#3 |REPRODUCE V# 5 REPRODUCE V # 6

P#4 |REPRODUCE V# 7 REPRODUCE V# 8

P#5 |REPRODUCE V# 9 REPRODUCE VE1 0

FIG. 6C
XS o -
BLOCK NAME CONTENTS
A#1 IFLVILINKTOP#4 FLV2LINKNTOP #5
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p reaches to "max" when the control proceeds to step S136. In 20 step S136,
the mark is attached to all the VOBs in the exclusive reproduction bl ock
#u. Control then returns to step S121. FIG 18A shows the VOB access table
in which VOBs have been assigned addresses after the above processing.

It is #3 presuned that only VOB #3 has a tine period of 20 seconds and t hat
25 the other VOBs each have 10 seconds. It is also presuned that 75

. each VOB having 10 seconds has data size of 8MB. VOB #1 (10 sec) is mapped
to the first 8MB-area of the VOB access table (+OVB to +8VB). VOB #2 (10
sec) is mapped to the second 8MB- arm O,ﬂlg VOB table (+8MB to +16MB). VOB
#3 (20 sec) 5 is mapped to a 16MB-a 1 w ng the second 8MB-area (+16MB
to +32MB). H—the—followi ' '

PRE- RE- POST-
VOB {CONNECTION | CONNECTION | CONNECTION
TYPE VOB TYPE

POST-
CONNECTION INTERLRAVE

V#1| SINGLE | NONE | SINGLE | Vv#2
v#2 | SINGLE | V#1 | SINGLE | V#3
V#3| SINGLE | V#2 |BRANCH| vii

0
0
0
V#4 | MERGE | 41y | SINGLE | Vi#5 0
0
0
1
1
1

V#5| SINGLE | V#4 | SINGLE | V#6
V#6 | SINGLE | V#5 | SINGLE | NONE
V#7| SINGLE | V#3 | SINGLE | V#8
V#8 | SINGLE | V#7 | SINGLE | V#4
V#9| SINGLE | V#3 | SINGLE | V#10
V#10| SINGLE | V#9 | SINGLE | Vi#4

FIG. 7B
INTERLEAVE BLOCK

| INTERLEAVE INTERLEAVE
UNIT UNIT

PRE-UNIT POST-UNIT

e - ———-—

]
]
1
)
)
]
]
H
]
)
]
)
[}
1
[}

{INTERLEAVE  INTERLEAVE
UNIT UNIT
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and #9 are mapped alternately in order, where each interleave unit has a
tinme period of one second and 0.8MB. 3.5.2: Witing into DSI Packet 10

A process of witing information into the DSI packet of the managenent
information pack in an interleave unit is described with reference to the
fl omchart shown in FI G 32A. The variable i appearing in this flowhart
specifies an arbitrary VOB anong a plurality of VOBs included in a

si nge-out reproduction block. The 15 variable i is regarded as an ordi nal
nunber. Accordingly, in the present flowhart, "VOB i" indicates the ith
VOB in the singe-out teproduction block. The maxi num val ue of the
variable i is represdgated as "max" in the present flowhart. Al so, the

vari able m appearing+n this flowchart 20 specifies an arbitrary
interleave unit anon he plurality of interleave wunits included in the
ith VOB in the si -out reproduction bl ock. The variable mis
regarded as an ordin nunber. Accordingly, in the present flowchart,
"interleave unit nm igdicates the nth interleave unit in the ith VOB. The
maxi mum

REPRODUCT
ADD MODE

%

NN

oAy [=eNOA

FIG. 8A
FIG. 8B
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25 value of the variable p is also represented as "max" in the 76

present flowchart. In step S205, it is judged whether interleave flag i of

the VOB i is ON. Wen it is judged as positive, control goes to step S206.

In .step S206, the variable mis set to "1." In the 5 follow ng step S207,

t he address of interleave unit n, which can be included in an exclusive

reproduction block, is witten in the DSI packet of the managenent

i nformati on pack corresponding to the interleave unit m In the exanple

shown in FIG 18A, interleave units of VOB #7 and #9 are arranged

alternately, each in?ﬁﬂ%gq@?&lo unit having 0.8MB. Accordingly, as shown
a

in FI G 14A__the star ress of the interleave uni VOB #9 as 0. 8MB
ahead is itten in the DSI packet of the nmanagemfeni p.nfjprmati on pack
correspondi [iy#t Y t he VOB #7. Also, the start addrfesg Qﬁjénterleave uni t
of ADD

MODE

QB VOB
ADD
MODE

%
O
>

P#1 2 REPRODUCTION
ROUTE ADD
@ 'é MODE
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VOB #7 as 0.8MB ahead is witten in the DSI packet of the 15 managenent

i nf or mati on pack correspondi ng to the VOB #9. In step S208, it is judged
whet her variable mis equal to "max. When it is judged as negative, :
control goes to step S209. In step S209, the variable mis increnented
by one. Control then returns to step S207. The steps S207 to S209 are 20
repeated until the variable mreaches to "nax" when the control proceeds to

step 8210. In step S134, it is judged whether variable i is equal to
"max." Wien it is | dnﬁ negative, control goes to step S211. In step
S211, the variable i nt ed by one. Control then returns to step

S205. The JTE€pS 25 SZ05 10 SZI0U are repeated un |I efjjvari able i reaches
to "max" 73 P#W t he process of the present affit ends. After the
rel ati ve adqdress = the VOB table are
VOB ADD
H#2 MODE

FIG. lOB
—

EXCLUSIVE
REPRODUCTION
BLOCK ADD
MODE

%




assigned to VOBs and addresses are witten in the DSI packets, the disc

i ndexes for reproducing these VOBs are generated, and | ogical 5 addresses
on the spiral track are assigned to the disc indexes. 3.5.3: Witing into
PGC Informati on The nost inportant conponent of the disc index is PGC
informati on. The PCGC i nformation defines the order of VOBs to be read. The
PGC information al so defines various controls perforned 10 by the disc

reproduction apparatus while the VOBs are reproduced in this order. The
various controls include, for exanple, a reproduction control for
achieving a viewing limtation differently inposed on adults and

children. The various controls are not described in detail since they are
described in many 15 docunents. The disc format convert unit 18 wites the
VOB access information (a table defining, for each piece of PGC
information, the order of VOBs to be accessed) in the PGC information based
on the illustrated conposition. This process, which is very 20
inmportant, is described with reference to the flowhart shown in

FIG. 10E

P # 1 i I %

V#D

| @,
|E

(#3
A#1 P#4
G432

P#3

P#5

V#7
@3
#5 QIHED
@1
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FI G 32B. The variable mappearing in this flowhart specifies an oval anong
a plurality of manually input ovals as a l'ink destination of rectangle #Pi
in the illustrated conposition of a 25 reproduction scenario. The

var.i abl e n appearing in this flowhart 78 specifies an oval anong a
plurality of manually input ovals as a link destination of the oval #m At
first, the entire size of the PGC information table is cal cul ated based on
t he nunber of required pieces,of PGC 5 information which is calcul ated
fromthe nunmber .of rectangles in the illustrated conposition. Five
rectangl es are shown in the illustrated conposition of FIG 6A. Hence the
nunber of required pieces of PGC information is determned as five. Wen it
is presuned that the data size of

FIG. 11A
P # 1] WARNING: % REPRO-
4 7)| THISREPRODUCTION ORDER ALLOWS 4 A pucTion
SEAMLESS AND NON-SEAMLESS VOBY 2224 ROUTE
@ TOBE MIXED TOGETHER ADD
[> MODE

FIG. 11B
P# 1 ' | B
C#D  mamme
THIS AREA,
G #32 SET AS A SEAMLESS BLOCK, |
CANNOT HAVE NON-SEAMLESS >
P # 2| VOBS.
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10 the PGC information is 128KB, the entire size of the PGC

I nformation is calculated as 640KB (128KB X 5). Note that the value 128KB
is determ ned by estimating the anount of information required for the
various controls. After the above process, in step S105 in FI G 32B, oval 15
#mas a link destination of rectangle #Pi is identified. In the follow ng
step S106, VOB #m corresponding to the identified oval #mis identified
fromthe PGC information corresponding to the rectangle #Pi. The address
assigned to the ﬁ #min the VOB table is witten into the access

i nformation of t @echA. nfornakINq)ERﬁ@rNEﬁEﬁU that the variable i

is "1" ang—that—the—tectangre—+#PHFARE QF}@ o] ilon #1. In the
illustrat e 9.7pir05| tion shown in %J%;A% nk —phation of rectangle
#P1 is ovalk ch corresponds [ ION  Mean n the VOB 25 table
shown in Fl G 18 ati ve address %O@I@N'B

0 gnhed 79

RMATION
DEFINITION
END
# 2 (Z00MINON THEHEROINE)
#4 ( zoomour )

D — 0 —h(n

P # 3

#

FIG. 12B

(ZOOM IN ON THE HEROINE)
( zoomour )

Osec . dsec  Bsec gsec  lUsec

[ i
I

FIG. 12C

N— I =
v+ C ZOOMOUFI
P # 3] Zsec 4sec  bsec osec  lUsec

(] [ ]
CHO I
(¢ # B[ THI I
1 1

SPECIFY REPRODUCTION CONTROL DURING THE ABOVE
L] TIME ZONE FOR EACH CHANNEL

CH 0 HIGHLIGHT COMMAND GOTO P#4 SELECTION
COLOR BLUE ENTER COLOR RED
UP/DOWN KEY DESTINATION CH1
LEFT/RIGHT KEY DESTINATION —
- {CH 1 HIGHLIGHT COMMAND GOTO P#5 SELECTION
COLOR BLUE ENTER COLOR RED
UP/DOWN KEY DESTINATION CHI1
LEFT/RIGHT KEY DESTINATION —
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to the VOB #1. Therefore, the relative addresses for OVB-8MB are witten
into the access table in the PGC information #1. In step S107, the oval V#n
is setf to the oval V#m This is done in order to deal with the oval V#n,
whi ch has been dealt 5 with as a link destination, as a link source and
trace the ovals ahead of the oval V#n. In step S108, it is judged whet her
the link destination of the newly set oval V#n is an oval. When it is
judged so, control goes to step S109. In step S109, the link destination is
10 recogni zed as oval V#m Here, it is presuned that the oval V#n is set to
oval V#1 in step S107. Then, it is judged in step S108 that the link
destination of the oval V# is oval. In the succeeding step S108, the oval
#2 being the link destination of the FI% ﬂ\I;,l s 15 recogni zed as oval #m
In the

The oyal % TRV VOB #2. OB tabl e shown in FI G 18A,
relative ad 1N 3 6MB are

DSIpacket{

CHO HIGHLIGHT COMMAND GOTOQO P#4 SELECTION
COLOR BLUE ENTER COLOR RED
UP/DOWN KEY DESTINATION CH1
PCIpacket LEFT/RIGHT KEY DESTINATION —
CH 1 HIGHLIGHT COMMAND GOTO P#5 SELECTION
COLOR BLUE ENTER COLOR RED
UP/DOWN KEY DESTINATION CH1
LEFT/RIGHT KEY DESTINATION —

FIG. 14A

FIRST EDITING OF SCENARIO
VOB#7 MANAGEMENT

INFORMATION Pack. DSIpacket 1|+ 800KByte(for VOB#9. Interleave * Unit)
PClpacket - NULL |

VOB#9 MANAGEMENT

INFORMATION Pack. DSIpacket 1 [+800KByte(for VOB#7. Interleave Unit)
: PClpacket 1 NULL

FIG. 14B

—

SECOND EDITING OF SCENARIO
VOB#13 MANAGEMENT

INFORMATION Pack. DSIpacket { + 800K Byte(for VOB#9. Interleave * Unif)
PCIpacket{ NULL

VOB#) MANAGEMENT

INFORMATION Pack. DSIpacket {|+800KByte(for VOB#13. Interleave * Unit)
PClpacket - NULL
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assigned to the VOB #2. Therefore, the relative addresses for 8VB-16MB are
witten into the access table in the PGC information #1. 20 As
descri bed above, ovals #1 and #2 are traced fromthe rectangle #1, and

rel ati ve addresses of the VOBs #1 and #2 corresponding to the ovals #1 and
#2 are witten into the access information of the PCGC information. Wen the
link destination of the oval #n is a triangle, 25 it is judged as negative
in step S108 and control goes to step 80 S111. In step S111, it is

j udged whether the link destination of the newy set oval V#n is a
triangle. In the present exanple, it is judged as positive and control goes
to step S112. In step S112, the oval #n is set to an oval which is the |ink
destination 5 of the triangle. Control then returns fo step S108.
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In step S113, it is judged whether the link destination of the newWy set
oval #n.is a rectangle. Wien it is judged as positive, control goes to step
S501. In step S501, the relative address of the PGC information #q is _
~witten into the link 10 information of the PGC information #Pi. Here it is
supposed that the PGC information #Pi is PGC information #1 and that the
oval #n is oval #2 which links to rectangle #2. The rectangl e P#2
corresponds to PGC information #2. Therefore, the rel ative address of the
PGC i nformation #2 is 15 obtained. Here, the size of the PGC information
tabl e has been cal cul ated as 640KB. Here, it is presuned that an area
starting from"128KB" is assigned to the PGC information #2. Then, the

rel ative address '|128KB" of the PGC informatidn #2 is witten into the I|ink

information of the P& information #1. 20 | »-—--—- -A&teL_LhensLep;8501[
control goes to stlep S502. In st S502, the |PGC i nformation #Pi isiset to
PGC information #q.)1n the presety;exanplie, thg ﬁGC informati on BPi is set
to PGC informatiof ?1 since the PEC informati gn #Pi correspond%gto PGC
I : H i
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I nformati on #2. Control then returns to step S105. Wen, in step 25 S113,
It Is judged as negative, the link destination of the newy 81 set oval
V#n is judged as NULL, and control goes to step S114. In step S114, an
error handling process is perforned. The process of the present flowhart
then ends. FIG 17A shows the PGC infornmati on whose access

I nformation includes VOBs to be read. 5 After this, other pieces of

i nformati on of the disc index are generated. Absol ute addresses of the PGC
information table and the VOB tabl e are assigned. The bitsreamthat can be
~recorded in the DVD i s generated thl€;. BITGAI9A is a schematic |
representation of the DVD in which the bitstreamfor recording has been

arranged 1 f i di FIRSY EDITINGOFSEENARI:t i on scenari o. In the
pr esent drgvﬁg&&mmoi@:@égfnfor recording is stored in the curving area

o e P ™ TINK DR TIVATION PC_ o, START Sk e PCCHadres)
Kbyte iIfI\IIFORMATION ACCESS DESTINATION VOB. Table, START+OMByte~+8MByte(VOB#laddresy
+3MByte~+1

18 e LINK DESTINATION PGC_Table_START+256KByte(PGCH3adchess

Kbyte [INFORMATION JACCESS DESTINATION VOB_ Table_ START:+16MByte~-+37MByte{VOBHaddress
# 164MByte~-+80MByte(VOR#Haddress

425 bpec LINKDESTNATION _ NULL

Kbyte |INFORMATION |ACCESS DESTINATION VOB, Table, START+S0MByte~-+96MByte(VOB#Saddress)
#3 +06MByte~+1 28MByte(VOB#6address

438 JpGe LINKDESTINATION _ NULL

Kbyte ﬁFORMATION ACCESS DESTINATION VOB, Table_START+32MByte~+64MByte(VOBH #Badress)

+512 {Pcc LINKDESTINATION  NULL

Kbyte |INFORMATION [ACCESS DESTINATION VOB_ Table_START:32MByte~+64MByte(VOB9 H10addresy)
45

FIG. 17B
P GC NFORMATIONTABLE  SECOND EDITING OF SCENARIO

0 [PGC LINK DESTINATION PGC_TABLE START:+28KBYTEPGC#ADDRESS)

Kbyte| INFORMATION | ACCESS DESTINATION VOB_TABLE START+OMBYTE~+8MBYTE(VOBHSADDRESS)
ji | +8VBYTE~+ 6MBYTE(VORKADDRESS

+128 |PGC LINK DESTINATION PGC_TABLE START+25EKBYTEPGCHSADDRESS)

Kbyte| INFORMATION | ACCESS DESTINATION VOB_TABLE,START+16MBYTE~+32MBYTE(VOB#3ADDRESS)

# - +64MBYTE~+80MBYTE(VOBHADDRESS

+256 |PGC LINKDESTINATION ~ NULL - \

Kbyte }gFORMATION ACCESS DESTINATION VOB TABLE START+80MBYTE~+9MBYTE(VOB#SADDRESS)

+384 [PGC LINKDESTINATION ~ NULL

Kbyte ﬂFORMATION ACCESS DESTINATION VOB TABLE START+32MBYTE~+64MBYTE(VOB#3 #8ADDRESS)

512 [P6C LINK DESTINATION ~ NULL

Kbyte| INFORMATION | ACCESS DESTINATION VOB_TABLE,_START+32MBYTE~-+64MBYTE(VOB#S #10ADDRESS)

#
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i nfformation #1-#5 and VOBs #1-#10 are sequentially read as the DVD is
rotated by the disc reproduction apparatus for reproduction. 15 This

i ndicates that PGC i nformation #1-#5 and VOBs #1-#10 are arranged in best
positions and read with little disc seek. The player enulation unit 19
perforns a test preview for checking a plurality of versions recorded in
the DVD by tenporarily reproducing the bitstreamfor recording. FIG 23
shows 20 contents of a test preview. The present drawi ng shows inages in
frames included in the video elenentary streans in_each of VOBs #1, #2,

#3, #7, and #9. &G dBPduction order, whi chER(Gde] 818i ned in

accordance with the reproduction scenario shown in FI G 6A, is indicated by

the arrow si gfRSTED! OFSCENARKDm i n 25 SEGONT2EBEFINGOF SEENARIEbm out "

igg\gn in the i mage of \\;8?13#13&&,% 82 ' Substitute %TAJBIEESGM errber

START_ADDRESS START_ADDRESS
+0Mbyte +0Mbyte
VOB#1(1 OSec) VOB#15(8sec)
+8Mbyte +8Mbyte
VOB#2(10sec) VOB#2(10sec)
+16Mbyte . +16Mbyte
VOB#3(20sec) VOB#3(20sec)
+3Z2Mbyte +32Mbyte
+0Mb$e +0OMbyte
OB#7_1/10sec OB#13_1/10sec
+0.8Mbyte +0.8Mbyte
' VOB#9_1/10sec VOB#9 1/10sec
+1.6Mbyte . +1.6Mbyte
VOB#7_2/10sec VOB#13_2/10sec
+2.4Mbyte +2.4Mbyte
VOB#9_2/10sec VO B#9_2/10sec
+3.2Mbyte +3.2Mbyte
VOB#7_3/10sec VOB# 13_. 3/ 10sec
+4.0Mbyte +4.0Mbyte
VOB#9_3/10sec VOB#Q_S/ 10sec
+4.8Mbyte +4.8Mbyte
VOB#7_4/10sec VOB# 13_4/10sec
+5.6Mbyte +5.6Mbyte
VOB#9_4/10sec VOB#9_4/10sec
+6.4Mbyte +6.4Mbyte
VOB#7_5/10sec VOB# 13_5/10sec
+7.2Mbyte +7.2Mbyte
VOB#9_5/10sec _ VOB#9_5/10sec
+8.0Mbyte +8.0Mbyte
VOB#7_6/10sec VO B#13_6/10sec
+8.8Mbyte +8.8Mbyte
VOB#9_6/10sec VOB#9_6/10sec
+48Mbyte +48Mbyte
+0Mbyte _ +0Mbyte
VOB#8_1/10sec VOB#S 1/10sec
+0.8Mbyte ' +0.8Mbyte
VOB#10_1/10sec VOB#10_1/10sec
+1.6Mbyte’ +1.6Mbyte
VOB#8_2/10sec VOB#S 2/10sec
+2.4Mbyte +2.4Mbyte
VOB#10_2/10sec VOB# 10_2/10sec
+3.2Mbyte +3.2Mbyte
"VOB#8_3/10sec VOB#S 3/10sec
+4.0Mbyte +4.0Mbyte
VOB#10_3/10sec VOB#10_3/10sec
+4.8Mbyte +4.8Mbyte
VOB#8_4/10sec VOB#S 4/10sec
+5.6Mbyte +5.6Mbyte
VOB#10_4/10sec VOB# 10_4/10sec
+6.4Mbyte +6.4Mbyte
VOB#8_5/10sec VOB#8_5/10sec
+7.2Mbyte +7.2Mbyte
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been interleaved into the managenent information elenentary stream of VOB
#3 in the interactive control add node. Wen the nenu item"Zoomin on the
heroine" is entered, the reproduction shifts to VOB #7; when the nmenu item
"Zoomout" is entered, the reproduction 5 shifts to VOB #9. 3.6: Operation
of Re-Editing Reproduction Scenario and Re- Generating Bitstream for
Recordi ng When the data size of the generated bitstream for recording
exceeds the capacity of DVD, in the present exanple, the 10 producer

del etes VOB #7 as shown in Fl Gs.20A and 20B by activating the el enentary

encode unit 14 and displaying the illustrated conposition. After the
deletion, VOB #13 with a small data size is added to in front of VOB #8 in
the VOB add node, as shown in FIG 20C. 15 - When it is determ ned
that still the data size of the bi I creemale, { he capacity of DVD and
that VOB #1 should be repl aced y1h anot her VOB, ~NMgoOroducer del etes VOB
#1 as shown in FIGs. 20D by ag#lvating the el enentar yNgW&gode unit 1q:§nd

/5

FIG. 19A
FIRST EDITING
OF SCENARIO
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di splaying the illustrated conposition. Then, the producer adds 20 VOB #15
wrth a small data size is added to in front of VOB #2 in 20E the VOB add
mode, as shown in FI G 20E. After the second editing of the reproduction
scenario is perforned as descri bed above, the audio extraction unit 14c
eXtracts the audio elenentary stream The |l ength of video stream 25 of VOB
#13 is longer than VOB #7. As a result, audio extraction 83 unit 14c
extracts the audio el enmentary stream of VOB #13 in accordance with the

| ength of video stream of VOB #13. In doing so, the audio extraction unit
1l4c al so extracts the audio el enentary stream of VOB #9 that succeeds to
VOB #13. 5 ' FI G 16B shows the audi o el enentary stream extracted
in the second editing of the reproduction scenario.

=

(=)

OB#
64Mb

€

= (2
o7
ml\
Ol &
> 1 &
ﬁ% S
ol 2
o\2

8

FIG. 19B
SECOND EDITING
OF SCENARIO
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After the extraction, the process managenent ‘unit 17 instructs to calculate
t he anobunt of audi o packs transferred between VOBs. After the second
editing of the reproduction 10 scenario, the VOB connection relation

i nfermati on of VOB #3 shows that the post-connection VOBs are VOBs #13 and
#9. Therefore, the post-connection VOBmis identified as VOBs #13 and #9.
When this happens, the latter half of the audio conponent of VOB #3 is cut,
as shown in FIG 22B, and transferred to the forner half of the 15 VOBs #13
and #9, as shown in FIG 22B. After the transfer, the video, audio,
sub-picture el enentary streans BI€| @@A eaved. Then, the disc format

convert unit 18 determ ne ; ps each VOB into

the VOB table shown in (A & BSh ppckat of gVOBs is 20 witten

again. After the mapping, [th Isc formaf donverk .umi-k, Is re-activated

~to convert the jreproducti ari o edifed by th~e el efrept ary encode unit

14 into the dislc index. FI ¥ #H#)shows P informatigi afffer the conversion.
P #5

FIG. 20B

FIG. 20D

FIG. 20E

P#1
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#13,

#3,
and #9 are sequentially read as the DVD is rotated by the disc reproduction

the bitstream

track. The
#2,

recordi ng has been arranged after the second
In the present draw ng,

FIG 19B'is a schematic representation of the DVD in 84

recording is stored in the curving area on the spiral
drawi ng al so shows that PGC information 5 #1-#5 and VOBs #15,

whi ch the bitstreamfor
editing of the reproduction scenario.
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the.image is deteriorated in sonme degrees. The reason for reducing the
bit rate is that the VOB interleave block is 5 reproduced by repeating

di sc seeks. In the seek operation, the pickup noves on the disc to read
data. The tine taken by the seek operation is called a seek tine or a seek
wait. It is needless to say that data is not read fromthe disc during the

seek operation. 10 For the above reason, the data fetch and
transfer rate of the disc reproduction apparatus decreases during the

i nterl eave bl ock. As a result, the video elenmentary streanms with the
seanl ess flag ON need be encoded mntgFEgE %ﬁged bit rate since the video
el enentary streans may be used inth erl eave block. 15 More
particularly, the datg ed o about 8Mops
during reproduction of\zma’%lnt e]ve b from 'm OMops of the
ordi nary reproduction Tatle of. SRS ~Hduced in
accordance with the dht a 4-ei.ch and, trt- feﬁ“&i t he val ue
"10Mops" i s determ nef b,. el Epﬁ*- the optica

pi ckup and the buffer

ZOOM INON THE HEROINE
OOM OUT

ZOOM OUT
VOB#9

Z00M NONTHE HERONE
VOB#7/, 14
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capacity of the reproduction_apparatus. Practically, a plurality of pieces
of audi o data and sub-picture data are also interleaved into each VOB as
well as the video data. Accihis@heegiiasBednReplhdel rate of the video information
is determined in consideratio Wji'ﬁ ﬁwlt rates 'of these kinds of data.

For exanple, for five 86 information with a bit rate of
about 200Kbps and 32 pi eces of sub- |c ureinformation with a bit rate of
about 20Kbps, the bit rate for these pi eces of data is 1.64Mips (200X
5+20X32=1, 640). In this case, the b|t rate of the ordinary video 5
information is @‘I@szquo-l. 6478 s¢ bELENIENTARY ENCGODE

I nformation for the VOB interl ea¥ | 6. 36|\/bps (8 1.64=6.36). As
descri bed above, the bit rate of t e eE—\-018-0 a0 determned in

consi derati on of the nunber of o+
INSTRUCTION TO

START SYSTEM EN CODE HA

BEEN INPUT

NCODE PARAMETERS,
IDEOTAPE, AUDIOTAPE, TIFF FILE HAV
_ BEEN LOADED ?

- S23

ENCODE TIFF FILE WITH RUN LENGTH METHOD TO
GENERATE SUB-PICTURE ELEMENTARY STREAM

ENCODE AUDIO DATA OF AN AUDIOTAPE S24
WITH Dolby AC-3 METHOD

S25

- S26

[ READ ENCODE PARAMETER i FROM ENCODE
PARAMETER TABLE

S27

DATA TO BE
ENCODED IS VIDEQ
_ DATA?

Yes

S28

DATA TO BE
ENCODED IS AUDIO
DATA®? _

Yes

S29
DATA TO BE
ENCODED IS SUB-PICTURE
DATA®

THlS SHEFT HAS BEEN
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10 of audio and sub-picture information to be interleaved into the sane VOB
and whet her the VOB may be used for the interleave block. *note 2: C osed

GOP The " GOP" S t he m ni num uni t in 15 :
conpr essi ng/ deconpressing the video elenentary streans. One GOP i s conposed
of a set of serial pictures. Ordi nary GOPs have correlation with

conponents of the precedi ng and succeedi ng GOPs. However, closed GOPs do
not have such correlation. It should be noted here that the reproduction
can start fromany GOP in the 20 interl eave bl ock since the interleave

bl ock is conposed of only closed GOPs. *note 3: Interleaving into VOBs The
I nterl eaving of conpressed video and audio data into a VOB is descri bed
with reference to FIG 15. 25 FI G 15 shows vi deo data sequences,

audi o data sequences, 87
. FIG. 24B

<;) _S31

REPRODUCE A VIDEQO SECTION SPECIFIED
BY START AND END TIME CODES
INCLUDED IN ENCODE PARAMETER i

— SEAMLESS FLAG OF
ENCODE PARAMETER i
ISON?

_S33 * _S37
CALCULATE TRANSFER CALCULATE TRANSFER
RATE FOR VIDEO DATA RATE FOR VIDEO DATA
WITH MAXIMUM TRANSFER} |WITH MAXIMUM TRANSFE

RATE OF 10Mbps RATE OF 8Mbps

GENERATE VIDEO 534 ~S38
ELEMENTARY STREAM GENERATE VIDEO

i BY ENCODING VIDEO ELEMENTARY STREAM i
DATA REPRODUCED WITH ONLY CLOSED GOP'S
WITH CALCULATED

TRANSFER RATE

v R S35
READ ENCODE PARAMETER i AND VOB NUMBER #k

_S36

[STORE VIDEO ELEMENTARY STREAM i IN THE RECORD
UNIT AS A FILE UNDER DIRECTORY /' VOB#k /video
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and.sub-pi cture data sequences, as well as VOBs. These types of data
conformto MPEQ concerning with their conpression nethod and data format.
The vi deo data sequences are conpressed serial data 5 sequences. The

vi deo data sequences are represented in the present draw ng as videol,

vi deo2, video3... in units of GOPs (G oup O Pi ctures). . The

" GOoP" IS a uni t I n conpressi ng/ deconpressing the video el enentary
streans. One GOP is conposed of about 12-15 franmes of video data, and
corresponds 10 to video data of about 0.5-1 seconds. The video data of
one GOP is further divided into P3Cks 28(hg 2KB-units. The size of the
pack, 2KB, corresponds to the sector size of the DVD optical disc. That
means, each pack of data is stored g@®\a sector of the DVD. The audi o data
sequence i s conposed of audio signéﬁ%’iS i ncluding the LR conmponents of the
stereo audi o and the surround conpongnts. The audi o data sequences are

represent ed IQENIERATE SUB-PICTURE ELEMENTARY
STREAM i REGARDING PERIOD SPECIFIED BY
START AND END TIME CODES OF ENCODE
PARAMETER i AS SYNCHRONIZATION PERIOD

541

READ VOB NUMBER #k FROM ENCODE PARAMETER i
| ~S42
READ CHANNEL NUMBER CHj FROM ENCODE PARAMETER iI
- | ~S543

STORE SUB-PICTURE ELEMENTARY STREAM i IN THE RECORD
UNIT AS A FILE UNDER DIRECTORY /' VOB#k/ SubPicture/ CHj

S40

FIG. 24D

GENERATE AUDIO ELEMENTARY STREAM i BY
EXTRACTING PERIOD SPECIFIED BY START AND

END TIME CODES OF ENCODE PARAMETER i

S44

_S45

READ VOB NUMBER #k FROM ENCODE PARAMETER i |
_S46
READ CHANNEL NUMBER CHj FROM ENCODE PARAMETER i I
' L SAT

STORE AUDIO ELEMENTARY STREAM i IN THE RECORD
UNIT AS A FILE UNDER DIRECTORY /' VOB#k,/ Audio,/ CHj
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present drawing as audio A-1, audio A-2... audio B-1, audio B-2... Audio
C1, audio G2... Each of these pieces of audio data is conposed of one or
nore audi o packs, each pack having 2KB of 20 data. The sub-picture data

- sequence includes graphics. The sub-picture data sequences are represented

in the present drawing as SP A-1, SP A-2... SP B-1, SP B-2... Each of

t hese pieces of sub-picture data is conposed of one or nore sub-picture
packs, 25 each pack having 2KB of data. 88 It should be noted here that
in FIG 15, the video, audio, and sub pi cture data sequences are separately
stored for the sake of CEI\Gn . However, practically, these t pes of
data are stored.alternately in un| ts of KBATIN OFrREé’Rfv) 1\}/

SCENARIO

(@'

S50

ANY SMALL IMAGE
IN TOOL BOX HAS BEEN
| wPECIFIED ?

Yes

No

ROUTE ADD MODE |

VOB ADD MODE

EXCLUSIVE BLOCK
ADD MODE

ROUTE CHANGE MODE

6
b
E
&

INTERACTIVE CONTROL ADD MODE

EDITING COMPLETED ?
l / S176

GENERATE DIRECTORY.” VOLUME
S1T7

MOVE EDITED SCENARIO INTO
DIRECTORY,/VOLUME
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"VOBU' is short for the VOB unit which is the mnimumunit including the
managenent i nformation and other types of data. FlGs.35A-35E show the data.
formats of the video, audio, and sub- picture data and the nanagenent
information stored in packs to be 10 interleaved into VOBs. Each piece of
data in VOBs is stored in a packet or a pack conformng to MPER. In the
present enbodi nent, one pack at |east includes a PES (Packetized El enentary
Strean) packet. The nmanagenent information pack is conposed of two packets.
Each of 15 the video, audio, and sub-picture data pack is conposed of one
packet. Each pack, having 2KB, is _conposed of a pack header, a packet
header, and a data field. The paf{{(BeadbBi ndicates the start of a pack.
The packet header.indicates the start of a 20 packet. The pack header and

t he packet header .are not detail ed e since they conformto MPER2.

Here, the synchronization inforhaiié%;)cw t he reproduct'ga/of packs and

i nformati on concerning with data typgs are described,béé ] :

DISPLAY A RECTANGLE REPRESENTING A
REPRODUCTION ROUTE

[USER DRAGS THE RECTANGLE I°%

POSITION OF THE
RECTANGLE HAS BEEN
QETERMINED ©

Yes

RECOGNIZE THE DETERMINED POSITION
AS A SOURCE POSITION

S53

[ RECEIVE A ROUTE NUMBER S57

FOR THE PRESENT RECTANGLE

ADDED SHAPE IS
ONE OF OVAL AND
RIANGLEZ

Yes _S59

CONNECT SOURCE RECTANGLE
AND THE ADDED SHAPE BY
A LINE
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The pack header includes SCR (System O ock Reference) 25 as

synchroni zati on i nformati on for reproduction. The packet 89 header

i ncludes PTS (Presentation Tine Stanp) and DTS (Decoding Tine Stanp). The
DTS indicates a tinme when the video or audio data in the packet is decoded.
The DPS indicates a tinme when the decoded video or audio is output. The SCR
provi des the standard 5 tine for the PTS and DTS. The rel ationships
between the SCR, PTS, DTS, and the reproduction apparatus are described as
foll ows. The reprod O aratus has a ack (ST

reproducti on appar am.é t he cl ock by erri ng)\{éﬁsﬁgﬁaﬁéDEhe
first pack of a 10 VOB after reading the V@ froma disc and storing the-

buf f h '
Zgﬁalr gt ﬁs ?r aﬁ;f e;l_sear SZSL ﬁ[SELAX &ﬁd@v& W@M@ hegt o

S64

USER DRAGS
THE OVAL

POSITION O
THE OVAL HAS BEEN

ADDED SHAPE IS
ONE OF OVAL AND
RECTANGLE ?

SEAMLESS FLAGS
OF SOURCE OVAL AND
ADDED SHAPE

- S52 _S68

|DISPLAY WARNING - | |CONNECT SOURCE OVAL
THAT SEAMLESSNESS] |AND THE ADDED SHAPE
MAY FAIL BY A LINE

\

This Sheet Has

[T - [ s

REPLACED




value of the clock matches the SCR of the pack. The docoder docodes the
transferred pack when the DTS of the packet of the 15 pack matches the

val ue of the clock. The pack is then output when the PTS of the pack

mat ches the value of the clock. The SCR is set so that the pack transfer
rate is 8Mops for the interleave VOBs, nanely, VOBs whose interl|eave flag
in the connection relation information is ON. The SCR is set so that the 20
pack transfer rate is 10Mops for the other VOBs. Now, the information
concerning wth data types is described. The "stream I D' field, having an
eight-bit length, in the packet header indicates which of the video packet,
private 25 packet, and MPEG audi o packet the present packet is. The video
90 packet includes a video data sequence. The private packet is

FIG. 25D

EXCLUSIVE REPRODUCTION
@ BLOCK ADD MODE

DISPLAY A TRIANGLE REPRESENTING A}S73
EXCLUSIVE REPRODUCTION BLOCK |

USER DRAGS |
TRIANGLE

_S75
POSITION OF THE
| RIANGLE ?

Yes

No

| RECOGNIZE THE DETERMINED S72
POSITION AS A SOURCE POSITION

| RECEIVE A EXCLUSIVE REPRODUCTION S76

BLOCK NUMBER FOR THE PRESENT TRIANGLE

“ADDED SHAPE
IS ONE OF OVAL AND
RECTANGLE

Yes

| CONNECT SOURCE TRIANGLE AND] 578
- |THE ADDED SHAPE BY A LINE
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deftned by the MPEQR standard to store arbitrarily defined data. In the
present enbodi nent, the private packet 1 is defined to store audio or
sub-picture data and the private packet 2 is 5 defined to store the
managenent information. The private packet 1 further includes a sub-stream
I D field. The sub-stream ID field, having an eight-bit |ength, indicates
ei ther of audio or sub-picture data. For the private packet 1, eight types
of audi o data, #0-#7, can be set at maximum 10 for each of the linear PCM
met hod and the AC-3 nethod, and 32 types of sub-picture data, #0-#31, can
be set at maxinum The data field stores video data conpressed with the
MPER net hod, audi o data conpressed with the |inear PCM nethod, AC 3
net hod, or the MPEG nethod, and sub-picture data being 15 graphics data
conpressed with the run-length method. *note 5: PCl packet, *note 8: DS
packet As shown in FI G 35D, the managenent information pack includes two
types of packets, the PCl (Pre §§12€H3Cbntrol I nformati on) packet and the
Cktet. '

DSI (Data Search | nformation)

[ RECEIVE OBJECT TO BE
CHANGED THROUGH MOUSE

S80

DRAG THE OBJECT )8!

S82

POSITION OF THE
OBJECT HAS BEEN
QETERMINED

No

THE DETERMINED
POSITION IS ON
A LINK LINE ?

S84

| DELETE THE OBJECT AT THE
SOURCE POSITION

DISPLAY THE OBJECT ON S85
| THE DETERMINED POSITION
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20 -The PCl packet includes control information used to achieve interactive
reproductions in response to an instruction input fromthe producer. The
DSI packet includes control information used to achi eve speci al
reproductions such as "fast forward." *note 6: Transfer Process 25 -
The transfer process basically denotes a process in 91 whi ch the audio
conponents concentrating at the end of one VOB are transferred to the start
of the next VOB in the seam ess reproduction. This process is perfornmed
to change the display rates in sequential reproduction of video objects. 5
More particularly, the audi o conponents concentrating at the end of the
audi o data to be i ncIBJ€}l PHApe VOB are cut and the cut audi o conmponents
are added to the start of the audio data to be included in the next VOB,
which.is also called a ceryection

(Q) INTERACTIVE CONTROL ADD MODE

A 7 ~S151
USER MOVES THE CURSOR WITH MOUSE

ANY OVAL
AS BEEN ENTERED BY
E USER g

Yes S153
IDENTIFY VOBj AS THE ENTERED OVAL
" S154

DISPLAY A TOOL BOX PROVIDING OPTIONS,
A DISPLAY POSITION CHANGE MODE AND A
NEWLY GENERATE EDIT MODE

THE SELECTED
OPTION IS NEWLY
GENERATE EDIT s S155

L [DISPLAY A WIDE OVAL
No 5156

o RECEIVE SPECIFICATIONS FOR FONT
AND INTER-CHARACTER PITCH

_S157

Yes

[RECEIVE AN INPUT OF A CHARACTER '
SEQUENCE TO BE DISPLAYED AS A MENU ITEM
5158

GENERATE A MENU ITEM BY PASTING THE RECEIVED
CHARACTER SEQUENCE ON THE WIDE OVAL
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process. In the above correction process, the audi o conponents 10 that are
arranged behind the | ast video conponent in the VOB are cut. Now,
reason for performng the correction process is described below w th

reference to FIG 36. FIG 36 is a schematic representation of the transfer

of 15 VOB packs fromthe track buffer.

tirmng of the transfer and the change of the buffering anount for
audi o decoders. Note that in the disc reproduction apparatus, the

audi o,

and sub-picture decoders are inplenented on the AV decoder

‘Accordingly, the AV decoder 20 unit is a generic name of decoders
di sc reproduction appar at us. In FIG 36, G3 represents the track
storing VOBs. Gl represents vi di:oléglcé transferred fromthe track

buffer of G3 to the video decode
fromthe track buffer of G3 to the audi o decoder.

the same tinme axis which is shown above GL.SYNCHRONIZATION

INFORMATION
GENERATION MODE

- S159

DISPLAY A TIME CHART INCLUDING A TIME AXIS
HORIZONTALLY AND CHANNEL ITEM j VERTICALLY |

S160
CHANNEL ITEM j HAS
BEEN SELECTED

Yes

[REVERSE A PART OF THE SELECTED
CHANNEL ITEM j IN COLOR AS THE USER
DRAGS CURSOR INSIDE IT WITH MOUSE

S162
No

5161

A ITEM ZONE HA
BEEN ENTERED BY
USER ¢

-~ S163

[IDENTIFY SYNCHRONIZATION TIME
ZONE BY WIDTH OF THE REVERSED
PART

5164

| GENERATE START AND END TIME
CODES FOR SYNCHRONIZED
DISPLAY OF THE CHANNEL ITEM
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smal [ rectangles in G3 represent packs. The first pack of the VOB shown in
&3 is the managenent information pack. The packs with character "V
represent video packs. The packs with character "A" represent audi o packs.
Each pack in G3 is transferred to the AV 5 decoder unit when the SCR of

t he pack header matches the system clock (STC) of the reproduction
apparatus. The packs input into the AV decoder are classified into video,
audi o, and sub-picture. These packs are input to the video, audio, and
sub-pi cture decoders, respectively. The STC is reset by the SCR of the
first 10 pack of each VOB. Gl represents video packets input fromthe

system decoder into the buffer in the video decoder. The smal
rectangl es represent packets. i;aﬁﬁﬁﬁgelomlcﬂ is a graph show ng the
amount of data stored in the buf ' video 15 decoder. |In other

r
words, the graph shovs REpRETHECTIONBONTROL
INFORMATION ENTER MODE

Y

DISPLAY A CORRESPONDENCE TABLE INCLUDING

A REPRODUCTION CONTROL INFORMATION ENTRY
COLUMN HORIZONTALLY AND CHANNEL ITEM j
VERTICALLY

. S166
, HANNEL ITEM j HAS BEE
SELECTED?

Yes

_S167

| RECEIVE KEY-TYPED REPRODUCTION CONTROL
INFORMATION FOR THE ENTRY COLUMN

ENTER
OPERATION HAS
BEEN PERFORMED BY

5169

CHECK GRAMMAR OF THE ENTERED REPRODUCTION
CONTROL INFORMATION

_S170

GENERATE ENCODE PARAMETERS FOR SUB-PICTURE
ENCODE BASED ON START AND END TIME CODES,
CHANNEL NUMBER j,AND VOB NUMBER #k
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anount. The buffer consunption anount increases as the nunber of stored

vi deo packets increases and decreases as the data is decoded to be output
as images. As understood from FI G 36, the video packs for the first inmage
are"stored in the buffer during 20 tinmes Thl-Th2. At the sane tine, the
nunber of stored video packs increases as indicated by slant line SVi. At
time Tdl when the video pack data is decoded and output, the nunber of
stored video packs decreases by dl. The video packs for the second i mage
are stored in the 25 buffer during a period between tines Tdl-Tvpl. At the .
sanme time, 93 t he nunber of  stored video packs increases as indicated by
slant line SVj. SV is smaller than Svi. This is because only the

di fference between the first and the second inmages is decoded when the
second i mage i s decoded.

FIG. 26D

RRMBEEE— K
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A MENU ITEM
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Yes

| USER MOVES THE MENU
ITEM WITH MOUSE

S172

CHANNEL ITEM HAS
SEEN ENTERED ?

Yes _S174

| GENERATE COORDINATE INFORMATION
IN ACCORDANCE WITH CURRENT POSITION
OF THE CHANNEL ITEM

e

e

n mﬁed - s THIS %EPEITA gé\g BEEN |

i




5 - The transfer of all the video packets in GlL is conplete at
time Tvfl. The decodi ng and output of these video packets are conplete at

" time Tvf2. As described above, there is a tine |lag between the transfer

conpletion tine and the data output conpletion tine in the video decoder.
That neans, there is a wait 10 time between the start of transferring a VOB
fromthe track buffer to the AV decoder and the actual display of the
second image. In FIG 36, the wait tine is a period between tinmes Thfl and
Tbhf2. On the other hand, after the transfer is conplete, the inmage output
conti nues. In the exanple of the present drawing, after the 15 transfer
of the video packets is conplete at tine Tvfl, the inage output using the
data stored in the buffer contig@g% 497¥§ time Tvf2. & represents audio
packets input fromthe system decodér to the buffer in the audio

d der. Th Il 20 t angl T b
G(laciose; gr aph ghosm'rrﬁg t he a:rgﬁn?ngf eza'[ :%E@S@Mﬁﬁ@ﬁiﬂ&&ﬁ@i‘fﬁe :ug}No
decoder. The rel ationship between the buf®@ErSUBRPICTURE SaANIDt

(V) NAVIGATION INFORMATION

S180

S181

ENCODE MENU ITEM i INTO A SUB-PICTURE ELEMENTARY
STREAM IN ACCORDANCE WITH ENCODE PARAMETER i

~S182
READ VOB NUMBER #k CORRESPONDING TO ENCODE PARAMETER i

_S183

IREAD CHANNEL NUMBER # CORRESPONDING TO ENCODE PARAMETER iI
, | »S184
|GENERATE DIRECTORY ./ VOB#k. SubPicture CH]' I

5185

MOVE FILE OF SUB-PICTURE ELEMENTARY STREAM
INTO DIRECTORY /' VOB#k,SubPicture,”CHj IN RECORD UNIT

, - S186
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_S187
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S188 5189
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i =max? i=1+ ll—-
Yes

END
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and the nunber of stored audi o packets is the sane as the video decoder.
The data input at tine Tadl is output at tinme Tapl. It 25 should be noted
here that the buffer in the audi o decoder has a 94 capacity far snaller
than that of the video decoder. As a result, the audio data is not stored
n the buffer with the same timng as the video data. Hence, the audio data
Is interleaved in VOBs so that the audio data is input into the audio
decoder with a timng 5 inmediately before the corresponding video data is
output. This is why no audi o packs are arranged around the start of the VOB
of G3. The first audio pack starts to be transferred to the audi o decoder
arranged at tine Tdl when thedﬁiéft;izfge I s displayed. On the other hand,
audi o packs for storing the a d 0 corresponding to the image havi ng
been transferred to the video decoder by the tine Tvf are arranged at the

end of the VOB of

i=1
6

GENERATE MANAGEMENT INFORMATION| <501
ELEMENTARY STREAM BEING COMPOSED
OF MANAGEMENT INFORMATION PACKS
HAVING A TIME PERIOD OF VOBi UNDER
DIRECTORY /' VOB#k, Navigation |

S200

L~ S202

REPRODUCTION CONTROL
INFORMATION i IS SET

No

Yes ~S203

[IDENTIFY VOBUj~VOBUk CORRESPONDING
TO TIME ZONE SET IN REPRODUCTION
CONTROL INFORMATION i

_S204

' [WRITE REPRODUCTION CONTROL INFORMATION i
IN PCI PACKET OF MANAGEMENT INFORMATION
PACK TO BE AT THE START OF VOBUj~VOBUk
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G&3. -As understood fromthe above description, generally, audio packs gather
at the end of a VOB. The next VOB is not 15 processed until all the audio
packs at the end of the current VOB are transferred even if all the video
packs of the current VOB have been transferred. For the reason described
above, the system encode unit 16 transfers the audi o packs concentrating at
the end of one VOB 20 to the next VOB. It should be noted here that this
process is available due to the establishnment of the VOB route information.
For achi eving branches fromthe routes, special processes are further
required. Fo% @8e, for the VOB conGENERATION.ORWOBRCOMNECTION own in

FIG 7A, certain processes shﬂi‘E:]_A'EI:ONEINR{DRWI@N3 #7, and #9
which relate to the reproduct ~S91

GENERATE A TEMPLATE OF VOB CONNECTION RELATION
INFORMATION #m WHICH INCLUDES VOB #m
CORRESPONDING TO OVAL #m

_ S92
HERE ARE TWOQ OR
ORE LINK SOURCES FOR
OVAL #m

No ~S93

PRE-CONNECTION TYPE OF RE- ECTION TYPE OF
VOB CONNECTION RELATION {)/OB %%ITI\]I\I{IE%TIOI\I{I RELATION
INFORMATION #m.<-SINGLE § INFORMATION #m.<MERGE

IDENTIFY OVAL #n AS LINK S95

SOURCE OF OVAL #m _S96
PRE-CONNECTION VOB OF CONNECTION RELATION

INFORMATION#m<VOBin

THERE ARE TWO OR
MORE LINK DESTINATIONS
OR OVAL #m
a 2998 S99

POST-CONNECTION TYPE OF J|POST-CONNECTION TYPE OF
VOB CONNECTION RELATION] | VOB CONNECTION RELATION
L INFORMATION #m.<SINGLE §|INFORMATION #m.<-BRANCH

[IDENTIFY OVAL #p AS LINK |- S100
DESTINATION OF OVAL #m _S101

[ POST-CONNECTION VOB OF VOB CONNECTION
RELATION INFORMATION #m<-VOB#p

S102
VOB #m IS UNDER
A EXCLUSIVE REPRODUCTION
BLOCK ?

S103 _S104

l INTERLEAVE FLAG<0 I
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~branch point, and VOBs v#8, V#10, and v#4 which relate to the reproduction
at a nerge point. For the reproduction at a branch point, the reproduction
proceeds from VOB v#3 to either of VOB #7 and VOB #9. Therefore, the audio
packs concentrating at the end 5 of VOB v#3 are sent to the starts of both
VOB #7 and VOB #9. As for the reproduction at a nerge point, the
reproduction proceeds fromeither of VOB #v4 and VOB #v8 to VOB #v4.
Therefore, it is not available to sinply transfer the audi o packs
concentrating at the end of _one VOB to the start of the next VOB. As a

result, all h2Qeors of (SBARE g point, VOB #v4, are transferred to the
ends of VOBs #v8 and #v10. | pehBies~hot-h—inuges—imed-at-e beforg t he

transfer the sane. Wth thi

a0JEeMER{g he sameNosye is rerodU‘ed at

the end of VOBs #v8 apd-1IOUSTRA THIT<EDT oduct LeMSIRVCEERS{ Mewi [lher of
themto VOB V#4. SLLEOMROSITTIONOHASSBE RN gy i0Q I AN 1.’." ASoeg¥Tlerrd in
the same way. *note 7. eRJEDTEEDE e it er E Nildd® The y VDB
interleave with i nterl eaV é’ts i s | ndi spensHeT e (TR ro0h ing the
seamn ess reproducti on. S301

5302 —

OBTAIN REPRODUCTION ROUTE i FROM THE ILLUSTRATED COMPOSITION I

COMPARE REPRODUCTION ORDER OF VOB IN THE f 303
REPRODUCTION ROUTE i WITH THAT IN THE
PRECEDING EDITING.(IF THERE IS NO PRECEDING
EDITING, USE REPRODUCTION ORDER IN ENCODE
TABLE FOR THE COMPARISON)

REPRODUCTION
ORDER OF VOB'S HAS
HANG

S305

[IDENTIFY DIRECTORY OF THE qth VOB IN}- S307
THE REPRODUCTION ROUTE
[INTER-VOB TRANSFER PROCESS[}|” 313 g30¢
o

INTERLEAVE MANAGEMENT INFORMATION ELEMENTARY STREAM UNDER /'VOB#q,/ Navigation,
AUDIO ELEMENTARY STREAM UNDER /' VOB#q,/ Audio,/ CHx(x=1~max),

SUB-PICTURE ELEMENTARY STREAM UNDER /' VOB#q,/ SubPicture / CH{/(FI'Vmax),

AND VIDEQ ELEMENTARY STREAM UNDER /'VOBiq,” Video INTO ONE VOB STORE VOB #g
OBTAINED BY THIS PROCESS UNDER /'VOB#g

l I MAPPING TO VOB TABLE II S314

| IWRITE DSI PACKET | I/ S315
||WRITE PGC ACCESS INFORMATIONI r 5316
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The seanl ess reproduction of two different VOBs is 20 achieved in spite of
the occurence of the disc seek if the buffer of the reproduction apparatus
has a sufficient capacity. That is, inages are displayed wthout gaps if
the disc seeks end and the first screen of the next inmage is prepared
before the data stored in the buffer has been reproduced. The maxi num
di stance in the 25 disc seek for achieving the seam ess reproduction,
nanely, the 96 physi cal di stance between VOBs arranged on the disc is
obtained fromthe buffer capacity. That is, the VOBs for the seanl ess
reproducti on need be arrangg(&@tgo‘n t he maxi num seek di stance. However,
all the disc reproduction a at Uses are not necessarily 5 be equi pped
with a menory with sufficient_capacity. EsgeeraFly Adiodtcial AV
- appar atuses used as the disgq A ONn apparatuses are subject to a
strict restriction on the cap

S321

e S322

No 8323

CALCULATE TIME LAG dT BETWEEN END
TIMES OF VIDEO ELEMENTARY j—1 AND
AUDIO ELEMENTARY j—1

Yes

y »S324

2 S325
CALCULATE AUDIO EXTRACTIONJ | SET EXTRACTION START
START TIME Ts BASED ON TIME TIME Ts TO START TIME OF
LAGdT VIDEO ELEMENTARY j
5326

CALCULATE TIME PERIOD Tv OF A VIDEO ELEMENTARY

TO BE INTERLEAVED INTO jth VOB IN REPRODUCTION
ROUTE i

S327

DETERMINE EXTRACTION TIME PERIOD Ta SO THAT
TIME LAG BETWEEN END TIMES OF VIDEO ELEMENTARY
AND EXTRACTION IS EQUAL TO CERTAIN TIME dx(Ta=Tv)

- S328

EXTRACT AUDIO ELEMENTARY j WITH EXTRACTION TIME
PERIOD Ta FROM PRIMARY AUDfO ELEMENTARY STREAM

S329

MOVE AUDIO ELEMENTARY j INTO DIRECTORY
/" VOB#i,/ Audio,” CHx,”

_—

T — |



t he menory. As a result, the maxi num seek di stance is about 10,000
sectors in case of such commercial AV apparatuses. 10,000 10 sectors
correspond to 20MB. It cannot be said that this value is great fromthe
vi ewpoi nt of the achievenent of the seam ess reproduction. The reason for
t he above statenent is that the maxi num seek di stance corresponds to inmage
reproduction tine of only about 15 40 seconds when the bit rate of the
video information is set to 4Mops. Even when only two types of video data

are provided tio for the_ex ve reproduction, each option is
repr oduced fo?ﬁl&sy?ﬁﬁﬁt 40 {eSTART achiIN/'EE&éf@&TRANfEEER/e

reproduction, each VOB 20 is (Jf=eeyim- imterl eave units which each have

about one second, and all int its of the VOBs for the exclusive

reproduction are alternately s a_disc. The section on the disc

alternately storing interleave L s called the interleave block. Note

that VOBs thensel ves argtte OFsSt~eQ _MPEG. 25 Séffgrdi ngly
- e

i nterleaviNg of SINGLEANT? BRANTUHK T.eav
: POST-CONNECTION VOBm TYPE OF
OB CONNECTION RELATION

Yes N
'ANALYZE POST-CONNECTION VOBm OF VO S2l4
CONNECTION RELATION INFORMATION k
[CUT AUDIO COMPONENTS CONCENTRATING AT S216
THE END OF VOB #k, TRANSFER THEM TO THE
START OF THE VOB #m

' S219
PRE-CONNECTION
VOB TYPE OF THE VOB CONNECTION
RELATION INFORMATIO
IS MERGE ?

5220

CUT VIDEO AND AUDIO COMPONENTS CONCENTRATING
AT THE START OF VOB #k/. Video, TRANSFER THEM

-~ S223

CUT AUDIO COMPONENTS CONCENTRATING
AT THE END OF VOB #n, TRANSFER THEM
TO THE START OF THE VOB #k

8227

kektil—

-
This Sheet Has Bee |

[T e
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97 - Dbe differentiated fromthe interleave bl ock. By the above division
of each VOB into interleave units, the maxi num of eight VOBs for the

excl usive reproduction are stored within the seek distance with which the
seanl ess reproductoin is possible in DVD. 5 FIG 33 shows how i mages are
encoded based on the OV OFF of the seamless flag. As shown in FIG 33, the

I mge information with the seanless flag OFF is encoded into a plurality of.
interleave units which each have one second. *note 9: Bitstream for

Recordi ng 10 In the present enbodinent, it is defined that the
aut horing apparatus creates data called a "video title set." The video
title set is a unit including a pl uEthy (if video work titles. Each video
title set includes a plurality of pi 3f ¢ deo i nformati on and

i nformation for controlling the reproduction VOB MAPPING

START
~ 5500

| DIVIDE EACH VOB INCLUDED IN THE SAME
EXCLUSIVE REPRODUCTION BLOCK INTO A
PLURALITY OF INTERLEAVE UNITS

adr<-VOBtable_Entry 5120

ATTACHED ?

Yes

[FETCH VOB #u TO WHICH MARK | S122
HAS NOT BEEN ATTACHED

VOB #u IS
INCLUDED IN EXCLUSIVE
REPRODUCTION

BLOCK #u ? @

No

SET VARIABLE adr TO RECORD START | ,5124
ADDRESS OF VOB #u

ASSIGN MARK TO - S125

Yes

_S126
l adr<—adr+data_size (VOB #u) I .
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15 of the plurality of pieces of video information. Note that it is desired
that the plurality of titles in a video title set are managed together.

In one nethod, for exanple, a plurality of titles having the sane inmages in
comon are included in one video title set. |In case of filmapplications,
for exanple, various 20 versions, such as a TV broadcast version and a
theater version, of the sane filmare nanaged in one title set. *note 10:

Di sc I ndex The disc index used in the present enbodi nent is defined as
informati on unique to "video title set managenent information” 25 which is
uni quely used for the video title set. The video title 98 set managenent
I nformation includes a video title set nmanagenent table, title search
poi nt er managenent infornation,EﬁﬁBﬁSQHBgranlchain i nformati on table

S129

READ THE ith VOB (VOB#i) IN THE
EXCLUSIVE REPRODUCTION BLOCK
#u INCLUDING VOB #u

SET adr TO RECORD START ADDRESS} S130
OF INTERLEVE UNIT p OF VOB#i

adr*—adr+da;ca_size S131
(INTERLEAVE UNIT p)

~S133
i<—i+ll—
_sS135

p<Dp+ ll—_ |

- S136

[ ATTACH MARK TO ALL VOB'S IN EXCLUSIVE
REPRODUCTION BLOCK #u
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The video title set managenent table shows the index, 5 nanely, the

I nternal construction, of the video title set managenent information, such
as information or tables included in the nmanagenent information. The
program chain information table includes a plurality of pieces of program
chain information, and a plurality of program 10 chain attributes
corresponding to respective pieces fo programchain information. The whol e
program chain attributes are called an attribute table. The title search
poi nter managenent information is an index show ng rel ati onshi ps bet ween
each title and each of a 15 plurality of PGCs included in a video title
set. Chapter 5 The above enbodi nent describes a systemonly as an exanpl e
that is considered to show the best effects at present. However, the
present enbodi nent can be nodified as follows: 20 (a) The process
managenent unit 17 of the present enbodi nent extracts audio el enmentary
streans for the VOBs which may generate

" FIG. 32A

DSI MAPPING
START

INTERLEAVE FLAG i
OF VOBiISON?

No

WRITE ADDRESS OF INTERLEAVE UNIT n, S207
WHICH CAN BE INCLUDED IN A EXCLUSIVE
REPRODUCTION BLOCK, IN DSI PACKET OF
MANAGEMENT INORMATION PACK
CORRESPONDING TO INTERLEAVE UNIT m
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a time |lag obstructing synchroni zati on. However, this process may be

repl aced by another process as far as conditions on the audio data are
satisfied when it is reproduced in accordance with the 25 edited
reproduction scenario. Al ternatively, the encode 99 par anet ers
may be processed. In the present enbodi ment, the process nmanagenent unit 17
transfers audi o conponents between VOBs and perforns the VOB interl eave for
the exclusive reproduction after the reproduction 5 scenari o has been
edited. This process is also performed so that conditions on the audi o data
are satisfied when IEK; duced in accordance with the edited
reproducti on scenari {C ngly, this process may al so be repl aced by

reates ToWRITEABOESS FABCESH ﬁ&ﬂs%m“rﬁﬁéﬁ?fﬁn”g Fowever . the

START
—(1) |
IDENTIFY OVAL #m AS A LINK s105 - -
DESTINATION OF RECTANGLE #Pi
_s106
WRITE ADDRESS ASSIGNED TO VOB #m IN VOB TABLE
INTO THE ACCESS INFORMATION OF PGC INFORMATION #Pi
[OVAL vin—ovaL vl 107 |
S108
NK DESTINATION Yes
OF THE NEWLY SET OVAL Vi $109
AN OVAL? v
RECOGNIZE LINK
No DESTINATION AS OVAL #m
~S110

WRITE ADDRESS OF VOB #m
INTO ACCESS INFORMATION
OF PGC INFORMATION #Pi

R _S112
OVAL #N<LINK DESTINATION
113 |QF THE TRIANGLE.

Y
- w 5501

WRITE ADDRESS OF PGC
INFORMATION #q INTO
LINK INFORMATION OF PGC
INFORMATION #Pi

ILINK DESTINATION OF

! |
Vb NEWL Y SET OVAL PGC INFORMATION #Pi
: «<PGC INFORMATION #

@ S502
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apparatus may create video works for digital broadcasting in which MPEG
streans are broadcast in the satellite broadcasting. In achieving this, a
met hod, such as the frequency interleave mathod or the tine-axis interleave
method, is used to transmt a 15 plurality of MPEG streans whil e keeping
the MPEG streans avail able for the exclusive reproduction. In the
tinme-axis interleave nethod, transm ssion of an MPEG stream for the

excl usive reproduction is waited for, and the MPEG streamis reproduced
with the transmssion timng. 20 (c) In the present enbodi nent, the VOB
access table in the PGC information stores address information which

i ncl udes addresses of VOBs, and the disc reproduction apparatus reads the
VOB based on the information. However, a part of the area recording each
VOB may be witten into the VOB position information so that a part of 25
each VOB is read through the optical pickup. The part of the VOB 100

FIG. 33

SEAMLESSFLAG OF F

GOP ! GOP | GOP ! GOP | GOP
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i's called a "cell.” Wth such an arrangenent, only a part of each VOB can
be used effectively, inproving the efficiency of using the video material.
(d) I'n the present enbodi nent, the sub-picture data is the inage 5 data of
sub-titl es. However, the sub-picture nmay be vector graphics or

t hr ee- di nensi onal conputer graphics (CG. By using such image data, it is
possible to provide a gane which is conposed of a conbination of conpressed
nmovi ng pictures taken on a spot and CG 10 (e) In the present enbodi nent,
one VOB unit corresponds to one GOP. However, one VOB unit may be conposed
of two or three GOPs as far as ‘the tinme taken for reproducing the video of
the VOB unit is about one second. 1In this case, the managenent information
pack is arranged at the start of a plurality of consecutive GOPs, 15 the
managenent i nformation pack including reproduction control information
effective on the plurality of consecutive GOPs. (f) In the present

enbodi nent, the audio data is PCM data or AC 3

FIG. 34
VIDEO TITLE SET VIDEO TITLE SET
MANAGEMENT MANAGEMENT
INFORMATION TABLE
VOB#1
%,?ES VOB#2 TITLE SEARCH POINTER
SET VOB#3 MANAGEMENT
VOB#4 INFORMATION
VOB#M .
PROGRAM CHAIN
INFORMATION
TABLE
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dat a= However, the audio data may be of another type as far as it can be
interleaved into the system stream For exanple, the audio 20 data nay be
conpressed PCM data, MPEG audio data, or MDI data. (g) In the present
enboti nent, the video data is digital video data based on the MPE&R net hod.
However, the video data nay be of another type as far as it can be

interl eaved together with the audi o and sub-picture data. For exanple, the
video data may be 25 digital video data based on the MPEGL net hod.
Alternatively, the 101 vi deo, data nmay be digital data for which a
conversion algorithmother than the DCT (D screte Cosine Transforn is
used. (h) In the present enbodi nent, the managenent information pack is

i ncluded in each GOP which is the unit of video reproduction. 5 However,
it will be obvious that when the conpression nethod changes to anot her one,
t he managenent information pack is

FIG. 35A

VIDEO PACK

1 PACK(2048 BYTE)
« 1 PACKET

A

\ 4

4

DATA FIELD

Ul

STREAMI D (8RIT)

}—VIDEO PACKET : 1110 ooool Video I
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included in the unit unique to the nmethod. (i) A recording nmedi umrecording
a machi ne-l anguage program of the procedures of the data input unit 13,

edit unit 15, systemencode 10 wunit 16, process nanagenent unit 17, and

di st format convert unit 18 (refer to FIGs.24A-32B) nay be narketed.

For exanple, recording nediuns such as an I C card, optical disc, and

fl oppy di sk can be used for this purpose. The machi ne-| anguage prograns
recorded in such nmediuns are installed into generic conputers for 15 use.
The conputers achieve the function of the authoring apparatus
described in the present enbodi ment by sequentially executing the installed
prograns. | NDUSTRI AL USE PCSSIBI LI TY As apparent fromthe above
description, the nmethod and 20 apparatus of the present invention for
generating bitstream help pr oduc%i cr %%é filmapplications” of a
multi-version type in which diff ons are managed together, where
the different versions include, for exanple, versions with a view ng
limtation differently inposed on adults and children, versions with

AUDIO PACK

1 PACK (2048 BYTE)
1 PACKET

A

DATA FIELD

STRE

Audio

SUB-STREAM I D "(8BIT)
—

—AUDIOPACK A,B LINEAR PCM# 0~# 7 : 10100X X X

#HO~HT
—AUDIO PACK C Dolby AC 3 #0~# 7 : 10000 X X X
HO0~#7
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102 - different camera angles, versions for theaters, and versions for TV
broadcasting. Accordingly, the present invention is effective in marketing
such filmapplications of the nmulti-version type. Al so, the nethod and

apparatus of the present invention 5 for generating bitstreamare effective
in.creating optical discs storing filmapplications of a nulti-version type
for comercial AV apparatuses which are not expensive and have a |imtation
on the capacity of the nenory installed in the apparatuses. 103 CLAI M5 1
1. A bitstream generation apparatus for generating a bitstream '

FIG. 35C
SUB-PICTURE PACK
- 1 PACK (2048 BYTE) .
< 1 PACKET >
PACK |PACKET
EADERIHEADE DATA FIELD

STREAM I D(10111101)

RUN-LENGTH IMAGE DATA

SUB-STREAMID (8¥w k)
LSUB—PICTURE# 0~#31:001X XXXX

L so~#31

e
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-2 including a plurality of video objects to be stored in an 3 information
recordi ng disc, the bitstream generation apparatus 4 conprising: 5 -

a video encoder for encoding a plurality of pieces of 6 input video
information to obtain a plurality of pieces of video 7 data; 8

an audi o encoder for encoding a plurality of pieces of 9 input audio

I nformation to obtain a plurality of pieces of audio 10 data; 11

a recording neans for recording the plurality of pieces 12 of video data
and the plurality of pieces of audio data; 13 a structure

i nformation receiving nmeans for receiving 14 structure information which
shows correspondence between each of 15 the plurality of video objects and
each piece of video data and 16 each piece of audio data recorded in the
recordi ng neans; 1# ting nmeans for editing

reproduction routel| 18 inﬂarnatlon i njaccordance_with an instruction from
an operator, 19 the|reproductilgn rout i nf or mati on |ndLQat|n a
_reproduction or der E} _
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20 of"the plurality of video objects when the information recording 21 disc
I s reproduced by a reproduction apparatus; 22 a correcting
means=for correcting each piece of audio 23 data corresponding to each of
the plurality of video“objects in 104 24 accordance with a limtation

| nposed on each of the plurality of 25 video objects dependent on the
reproduction order.indicated by the 26 reproduction route information, the
correspondence being shown in 27 the structure information; 28

an interleaving nmeans for dividing each of the corrected 29 pieces of
audi o data and the pl%gality of pieces of video data 30 into bl ocks and

I nterl eaving the bl oc to obtain the plurality of 31 video objects by
arrangi ng the bl ocks accordance with a 32 predetermned rule; and 33
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34 plurality of video objects and the reproduction route 35
information. 1 2. The bitstream generation apparatus of daim 1, V\/nerel n 2
the limtation imposed on each of the plurality of video 3 objec

dependent on the reproduction order is Subshtutetshaet4 }béﬁpﬁ%‘ﬂbﬁb 1&380w t he

reproduction mpﬂ@éy&awarmeeﬁnew t3 ELANYIUSiifibn repR o \dxders DR ect
to a next video object with a 6 predeterm ned display rate, wherein 7

the correcti n@pteaastidic| bresks.8 Each line eRtémditig COFdnECAi BEdEnicE for
cutting one or nore blocks 9 |ocated at the end of a piece of audio data

correspondi ngriiangld 0 bradebevbpndt contleatsli g tthe cuéctdrglles twhiidhe stenrt
of another 11 piece of audio data which corresponds to a next video object.
105 1 3. Hedeprivekwaepygedesest.i on apparatus of Caim2, wherein
5 In the illustrated composition shown in FIG.6A, each
rectangle connects toc one ox more.VOBs to bé reproduced without
branches. Thé VOBs are reproduced in the order. Each route can
specify another route to be reproduced. For example, the
illusfrated composiﬁion shown in FIG.6A is interpreted as shown in
10 FIG.6B. 1In rbute P #1, VOB "V #1" is reproduced first, then VOB
"V #2." After the reproduction of route P #1, route P #2 is
reproduced.
The route P #2 includes exclusive reproduction route A
#l. The exclusive reproducﬁion route is called an exclusive
15 reproduction block. A route selected in each exclusive
reproduction:block is indicated by exclusive reproduction block
information stored in an internal memory. E‘IG.%& shows the
contents. That is, in the route P #2, VOB "V #3" is reproduced
first. Then, in. the exclusive reproduction route A #1, either
20 route P #4 or P #5 is reproduced. Returning to the route P #2,
VOB "V #5" is reproduced. The route P #3 is then reproduced.
2.6.2: Scepario Editor
The edition mode dealt with by the scenario editor is

classified into a route change mode, a route add mode, a VOB add

25 mode, an exclusive reproduction block add mode, and an interactive

35
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2 the bl ocks to be cut fromthe end of a piece of audio 3 data
are audi o data | ocated behind the |ast piece of video data in 4 the video
obj ect corresponding to the piece of audio data. 1 4. The bitstrea
generati on apparatus of C aim 2, wherei nS@bstitute sheet - 1t1h§eptqrgi@$rogé@§i on
route i nf OId¥RtEOD add MEdeldeThd rFiRel hdd dodenis Nisemebi add sfEpriokictibpd he
video object and link 4 information of the next video object, 5

the editing nemuatesntd uate 2dd ted nkepraidizct bon Seteniamgot heTlte S{OBcialdcabdonis
information and the link infornd@8en into the 7 reproduction route
information, as®dg to add xeproghetienrreettey moandni wdiveds weproduction

a second correcting unit for cutting one or nore blocks 10 |located at the
end of a pi ecescagnazigi o Tha axcdrsipaepragueion bilark sard Medg deouseq cea
which links to a plurality of link 12 destination video objects and addi ng
the cut bl dcksfddh eFELUHiyet CRProfuchins Bieskss B9 aBdisstidsea TARTEduction

correspond to the plural.i té of 14 link destinatign video obLects.. 1 5. The
bi t st r eam geneiGEPPERC apFarhtifBsofityy &Rk seamigss cf479s ON can be assigned to

the added exclusive reproduction blocks.

The interactive control add mode is wused to add

information to a VOB in the reproduction scenario to achieve an
10 interactive control, which allows the edit unit 15 to generate
sub-pictures and management information.

The reference sign all in FIG.6A represents a tool box
for receiving a specification of an operation mode of the scenario
editor. The tool box includes five edition modes respectively

15§ represented by small images of an arrow, a rectangle, an oval, a
trianglé, and a thunder. When the‘ﬁser click; a mouse button on
a small image, the GUI program recognizes th;t the edition mode is
changed to the route change mode baSed on coordinate information
and an ON signal input from the mouse. Similarly, when the small
20 image of rectangle is entered with the mouse, the route add mode
is activated. When the small image of oval is entered, the VOB
add mode is activated. when the small image of triangle is
entered, the exclusive reproduction block add mode is activated.
when the small image of thunder is entered, the interactive

25 control add mode is activéted.
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2 the correcting neans includes: 3 athird
correcting unit for cutting one or nore blocks 4 |ocated at the start of
gach piece of video and audio data 5 corresponding to _a Link desti gbion.
vi deo object which is |inked 106 6 Bubstitutgshesf ity §Pptqfﬂkef36§ e
vi deo objects and addiTge trteUthdngd | msdeS en@bl88 € (e rOitBeEnRhGS BN eOf
vi deo and audi o data which 8 correspond to the plurality of Iink source

vi deo obj ect sepanduétion scenario shdwauihhFCGL6&ct iwighurthe Heagcahd idgpgone
or nore blocks 10 |located at the end of a plurality of pieces of audio

dat a whi ch 1bpecstiespyndcheombhuse plpasdltidys odf |tiek rectamglesi, degadd, extds and
have 12 been corrected by the third correcting unit and adding the cut 13
bl ocks to thk&ianghes infthmotllastphted coMipaidiiondesm b#i charged. For
corresponds to the Iink destination video object and has been 15 corrected
by the t hiSr d eXavPLe4 i%lﬁrﬁt{e. user holds down the rectangle of VOB V #1, the

selection state of Ehe rectangle continues.. By dragging and
releasing the rectangle between the rectangles of VOB V #7 and VOB
V #8 on the line of route P #4, the rectangle of VOB V #1 is
inserted there. At the same time, the rectangle is.__ deleted from
10 the original position.
After the above operation, the scenario is changed so
that after the reproduction of VOB V #1 in route P #1, route P #2
is reproduced. And in route P #4, the VOBs are reproduced in the
order of V #7, V #1, and V #8. When the user presses the delete
15 key on the keyboard while any of the rectangles, ovals, and
triangles is selected, the select.ed one is deleted from the
route. |
Similarly, in the route add moclé, a new route is added
to the scenario shown in FIG.6A at a position specified with the
20 mouse.
Similarly, in the VOB add mode, a new VOB is added to
the scenario shown in FIG.6A at a position specified with the

nouse.

Similarly, in the exclusive reproduction block add mode,
exclusive reproduction block . : -
25 a new-¥0B- is added to the scenario shown. in FIG.6A at a position

37

REPLACEMENT SHEET

12 SEP 1998




1 6. The bitstream generation apparatus of Claim1l, wherein 2
each of the plurality of pieces of audio data obtained 3 by the audio

encoder uniquely includes a reproduction start tinme 4 agd ar grﬂg#ﬁ{ion
end tine, 5 the limtation iSubstiagesihesicH b ePFF‘é“E U y of
video 6 o0bj eaksvoekpendensrdanciehei tie myateat encode geramsters| ganersdtayh by

required to allow the reproduction apparatus to change, in 8

r epr oduct i onthef poesenase managamegj voit t17.a Bhks intecbeadwry curcess ikeadiseg a
synchroni zation of a video display with an audio output, 10 and 11

the correcti sgl¥edna sByeterdescode. The interipaveljRrPceA§ 0Ai Ehe ressafed on
a reproduction end tine 13 of a piece of audio data corresponding to a

vi deo obj ect empadimgnis disngividedpintRic ifdAsst 85299 ARE HfSeLOPfeBBAH- audi o
data 107 The first stage is performed to- secure the seamless
repro#uction. In the first stage; the video and audio components
transferred between continuously reproduced VOBs are identified
aﬁd the transfer amount is calculated. In the present embodiment,
the "component” is used as unit data to be stored in 2KB-packs.
10 A "component" is also calied a block. With regard to the reason
why the components need be transferred between VOBs, refer to
*note 6 in Chapter 4.
The second stage is performed to system-encode each
elementary stream in accordance with the VOB construction
15 information and the transfer amount calculated in the first stage
as parameters to generate the systeﬁ stream.
2.9
| The disc format convert unit 18 generates the disc image
.in accordance with an instruction from the management unit 17b.
20 The "generation of the disc image” indicates that the reproduction
scenario edited by the edit unit 15 and the VOBs interleaved by -
the system encode unit 16 are assigned logical addresses on the
DVD area, and that the bitstream for recording (*note 9) is
generated.

2s The information storage area on DVD is achieved on a
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15 corresponding to a next video object. 1 7. The bitstream generation
apparatus of Claim6, wherein 2 the structure information

received by the structure 3 information receiving nmeans incl Bdea 38
plurality of pieces of 4 specification Subistitutetshaetynl LISeRIEHPERIR

corr espondencgpDRie@radk Caim@d ke Bher adidett@bnVi £l ORheCtSertad Opg oOf

nore pieces of 6 video and audi o.data to be interleaved into each video
obj ect 7 anongitdumflelrenseéity Tak @iisgeFoehavi deavért auAlel Lbeopkpted i ke of 8

pi eces of audio data recorded in the recording neans, 9 t he
correcti ng neaitsstireskuthes rdfording in whichatheudgBsiandniche fdirsc) iddg«eg wbet her
the reproduction 11 order indicated by the reproduction route information
mat ches a 12 asgignedr gddegaseduon ithe epileal wrachk.i s shown in the structure
13 information to detect a vi deo obj ect grog{g) with a changed 14 _
reproducti®n order, 15The "disc index{ hg'nedeuld) Ag infarmatientisciedingdbbei on
start tines of 16 a plurality of pieces of audio data corresponding to a
plurality 17 ’Ez)?foﬁﬂdd’é:GLSBj ¥aneripgdided Py thee edie®rishjlect group.
- —'—iia - i] E 1 I . u ) !
The player emulation unit 19 receives the bitstream to
- be recorded into the DVD disc from the disc format.convert unit 18
10 and temporarily reproduces the bitstream by emulating the
reproduction function of the disc reproduction apparatus.
2.1 :
2=k4: Data Output Apparatus
The data output apparatus 20, connected to a tape deck,
records the inpﬁt digital data into digital magnetic tape. As a
15 result, the bitstream to be recorded into disc generated by the
disc format convert unit 18 is eventually stored in the magnetic
tape by the data output apparatus 20. The finished bitstream for
recording is fetched from the authoring apparatus and shipped to
the.factory for pressing the DVD. In the factory, the bitstream
20 is converted to a physical data  sequence. The physical data
sequence include volume data with ECC (Error Check Code), Eight-
to-Sixteen conversion, data in the lead-in area and lead-out area.
A master DVD disc is produced b& using the. physical data

sequences. Then, DVD discs as the copies of the master DVD disc

25 are manufactured by using a pressing machine.
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¥ 8. A bitstream generation nethod for generating a bitstream 2

I ncluding a plurality of video objects to be stored in an 3 information
recording disc, the bitstream generation nethod 4 conprising: 5

a video encoding step for encoding a pl Substituge shegt eddsSaptemberg! 98 ; oyt

video information to ol&ta%a%o%frﬁ imtaxgg%cgi e%esmgé%gn(fg}[/gg?m%q}s%daggr

recordi ng the obtained p of pre ot Vi'deo a recording

nmeans; 9 mapufactufth Qﬁ&oab%%ggér{y:brﬁt:egdf&fbsegﬁ $HQ Babt Walg XCQ; 10
pi eces of input audio information to obtain a plurality of pieces I1 o

audi o data anght#@egledtes! belakatdathed bibakdday cBhsPHRAQOn0T WikiAudiyardat a
into a recordi ng neans,; 13 a structure informati on receivi ng

step for recetyitngsldattdd, Upldase téfdd B! EQItaMd RikSNAMSatd HLLS PO TIRNE S
bet ween each of '
S Compact Disc Dokuhon, Ohmu Ltd. and Applied Physics Society Optics
g?ﬁ;ing: Optical Disc System, Asakura Shote;.
2-35’31 £ Each El . 'E . P
Each component element of the authoring apparatus is
described above. Now, the roles of such component elements in the
10 entire proces# shown in FIG.3 aréxdescribed. In the elementary
encode process of steps S4 to 57; the producer generates encode
. parameters using a keyboard attached to the elementary encode unit
14. By referring to the parameter table, the producer obtains
information on the parts to be encoded among the video, audio, and
15 sub-picture materials and also obtgins information on the video
information that may be included iﬁ the seamless reproduction.
When instructed to start encode, th{ elementary encode unit 14, in
accordance with the generated encode parameters, instructs the
data input apparatus 13 to reproduce the video, audio, and sub-
20 picture materials from the external magnetic tape or magneto-_
optical disc. The elementary encode unit 14 then encodes the
reproduced méterials to generate video, audio, aﬁd sub-picture
elementary streams, respectively. The video information thaé may

be included in the seamless reproduction is encoded with a reduced

25 bit rate. The encoded elementary streams are stored in the
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15 the plurality of video objects and each piece of video data and 16 each

pi ece of audio data recorded in the recordi ng neans; 17 an
editing step for editing reproduction route 18 info natl P% 8
accordance with an instruction from an Swestiuge shést ¢ id 11898 rout e

i nformation indicatingyged 4R 26Usdd Q5dgE £ 2bnadhi 8 hen FBWpaBISU-Y ebntitaleo
obj ects when the information recording 21 disc is reproduced by a

reproduct i on gagRary L&eéﬁ?ssa. In step 3SEFN e iwalstayl fuve cooumet iiwy
each piece of audio 23 data corresponding to each of the plurality of video
obj ects in 24onaectedhitne anilihe aad ishiowat ionFiGyARs edndnthn@resenthpretessal ity

of 25 video objects dependent on the reproductlon or der |nd|cated by the 26
reproducti on endst eAs b sCabs aird) @egeate 3a e (e :

structure i nfR8HaE
each of thee A ﬁﬁ?ﬁl? i -
of video dat m'r-lﬂ.lrrr:un‘lrrmr;rma-vnr [
plurality of H

When it is judged in step S50 that the exclusive
reproduction block add mode has been specified, control goes to
step S73 in the flowchart shown in FIG.25D. In_ step S73, a

10 triangle is displayed on the screen, the triangle representing an
exclusive reproductien block. In step 874, the use;_drags-the
triangle to an eppropriate position. The user determines the
position by operating the mouse. In step s75,_it is judged
whether the position of the triangle has been determined. When it

15 is judged so, control goes 'to step S§72. In "step S§72, the
determined position is recognized es a source position. 1In step
S76, the scenario editor receives an exclusive reproduction block
number for the present triangle. In following step 877, it is
judged whether the source is one of oval and rectangle or neither

20" of them.

When it is judged in step S77 that the source is one of
oval and triangle; the rectangle and the source is connected by a
line in step S§78, and the present process ends. FIG.10B shows the
screen after the rectangle and the source is connected by a line.

25 Other rectangles or ovals are added to the present block as shown
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31 video objects by arranging the blocks in accordance with a 32
predeterm ned rule; and 33 a generating step for generating the
bitstreamfromthe 34 plurality of video objects and the

reproduction route 35 information. 1 Substituteisheet edrh Sertemieoh®98t hod

for gener al i ng, 4, diael r faMeRehf sk s AaPLIAY thy B y1RAo0DI 0645 rebe

stored in an ntor mat i on recotdin e bitstream genefation nethod

4 comprising: wReimum value ofdeid d@&i%i@d&gss&@ms%tsaceyirwa:a- Rluregki ty
of pieces 6 of 1nput video information to obtain a plurality of pieces of 7

video data angréfd ¢1Bdchdrd . obtained plurality of pieces of video 8 data
into a recording neans; 9 an audi o encodi ng step for encoding a

plurality of 10 pieces f stépWorausi €eniplheenss ivhe VOBOEdmidttadof| teRtiby Of
pi eces 11 of audio data and recording the obtained plurality of pieces of
. S information #m which includes VOB #m corresponding to the oval #m
is generated. In step S92, it is judged wheéher there are two or
more link sources for the oval #m. When it is judged as negative,
control goes to step S93. In step $93, the pre-connection type of
the VOB connection relation information #m is written as SINGLE.
10 When it is judged as positive in step 592, control goes to step
S94. 1In step S§4, the pre-connection type of the VOB connection
relation information #m is written as MERGE. In step S95, the
oval #n, which is the link source of the oval #m, is identified.
In step S96, ﬁhe pre-connection VOB of the VOB connection relation
15 information #m is written as VOB #n. In step $87, it is judged
whether there are two or more link destinations for the oval #m.
When it is judged as négative, cont;ol goes to step S98. In step
S98, the post-connection type of the VOB connection relation
information #m is written aé SINGLE. When it is Jjudged as
20 positive in step §97, control goes to step S99. In step S99, the
post-connection type of the VOB connection relation information #m
is written as BRANCH. In step S100, the oval #p, which is the
link destination of the oval #m, is identified. In step S101, the

post-connection VOB of the VOB connection relation information #m

25 is written as VOB #p. In step $102, it is judged whether the VOB
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12 audio data into a recording neans; 13 a structure information
receiving step for receiving 14 structure information which shows
correspondence between each of 15 the plurality of video objects and each
pi ece of video data and 16 each pi ece ofSuhsditetedshégtretbrSantembper HO98

recordi ng neapgsidive, control %d%g tgdééég"%38§t. Eprﬂ"féﬁrep 8404, M9e audio is

reproduction ‘route 18 information 1 n accordance with an rnstruction from

an operator, 3»RttdecdRHAMICT TRNHO ¥ bRy TBEpPBI080L63E31] Rhe system
reproduction order 110 20 of the plurality of video objects when the

i nformation r eacods Ngil16liisC abtivalRROEY GRABY LS af 8P§HIGLOdn APRAr Sdpy 22
a correcting step for, based on a reproduction end tinme 23 of a piece of

audi o data colsBédpandsAy6} otlee \Wideo fobheet conderdjunsti Ng asr aptDedIEdd Qo
start tinme of a piece of audio data 25 corresponding to a next video
obj ect ; § generate a disc image. ' '

3.3.3: Audio Exi £

FIG.30A-is a flowchart showing the procedure of the
audio extraction. |

The variable j appearing in this flowchart specifies an

10 arbitrary VOB among a plurality of VOBs in a reproduction route
whose reproduction order has been confirmed to have changed; The
variable i is regarded as an ordinal number; Accordingly, in the
present flowchart, "VOB 3" indicates the 3™ VOB in the
reproduction route whose reproduction order has changed. The

15 maximum value of the variable j is représented as "max" in the
present flowchart. .

In step S321, the variable j is set to "1." 1In the
succeeding step S322, it is judged whether "variable j - 1" is
equal to "0." When it is judged as negative, control goes to step

20 S323. 1In step $323, a time lag dT between the end times of video
elementary j~-1 and audio elemgntary j-1 is calculated. In the
following step $325, an ‘:zg:e extraction start time Ts is
calculated based on the time lag dT. Such a time lag occurs due

to the difference between the sampling accuracies of the audio and

25 video. For example, the sampling accuracy of the NTSC-method
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26 an interleaving step for dividing each of the corrected 27

pi eces of audio data and the plurality of pieces of video data 28 into

bl ocks and interleaving the blocks to obtain the plurality of 29 video

obj ects by arranging the bl ocks in accoSybstitutishees -301 %@@T‘B?Wﬁ@@ rul e;

and 31 video diga@NeifldydkhtSEeRsdLOr rﬁgﬂ@réﬁé 'ngbbfn&’iéc%tu&‘iég‘?,%f QRet he

32 plurality of video objects and reproduction route

information. poldP-Ac-A-diexhoadawio 8dindl L8CAStNg2as4d .00 aMmadiicaRes ScHagn oON
a 2 bitstream generation apparatus for generating a bitstream 3 including a

plurality of vheze dis eaboutt Oligest @feddiffeddnde ivetaesnt | tHeireCOimhligg

di sc, the programincludes: 5 a video encoding step for
encodi ng a pl acaliraciesi pawwiey @ tixie ilagut video information to obtain a
plurality of pieces of 7 video data and recording the obtained plurality of
pi eces of ¥ideo 8 data §h@selBArardriilnghowansprécedure of calcabat@igj Ghe
encoding step for encoding a plurality of 10 pieces of input audio

i nf ormati on t §38®t &% I peEERRFEIPIoStATBCige Ts, and extraction length Ta

when the reproduction order changes from VOB #1-VOB #2-VOB #3 to
VOB #15-VOB #2-VOB #3. When VOB #1 is replaced with VOB #15,
audio packs Al-AlQ are replaced with audio packs Al-A7. However,
10 there is time lag dT _between the reproduction end times of the
audio pack A7 and the video elementary stream. This indicates
that the audio elementary stream of VOB #15 ends later than the
video elementary stream of the Qame VOB by time lag dT. When this
happens, the extraction start ‘time Ts of the audio elementary

15 stream for VOB #2 is delayed by the time lag dT.

) is_equal to
When "variable j-1" is—not-egqual to "0," the extraction

start time Ts is set to the start time of video elementary j. In
step S326, a time period Tv of a video elementary to be
interlea.ved into 3™ VOB in the reproduction route i is calculated.
20 In the following step S327, the extraction time period Ta is
determined so that the time lag between the end times of the video
elementary and the extraction is equal to a certain time dx
(Ta=Tv). 'In the example shown in FIG.16B, the extraction time
period Ta is determined so that the audio elementary stream ends

25 earlier than the video elementary stream by time dT and the time
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11 of audio data and recording the obtained plurality of pieces of 12 audio
data into a recordi ng neans; 13 a structure information

receiving step for receiving 14 structure information which shows
correspondence between each of 15 the [Subsdititeshget i ibSepipabes 1ARE each

pi ece of vi deorrlaseegrngBoks tﬁécﬂaﬁhé‘&fen‘%f :.Qi&h:ﬁaﬁifér@ éféi:%@ﬁgy' Qd:@aﬁn of
recordi ng neans; 17 an editingpe % oidrdntar® L deb N 0
ot /Noﬁommaﬂryaltﬁloapc £ 2GR -' edlatdlty LiEaddal g4 OM

e it 0/ Aud gty 1 oha A sifbapighire @l

reproducti on dxndqz
an operator,
reproduction

i nf or mati on re66ﬁﬂﬂn@Lﬂi__ddgmﬂls_ﬂenﬂﬂbuced by a reproductlon apparatus

22 A8 ap—odirrdicdecharwadVioR Syl Rig 8-/ a
23 correaPondlng to each of the plurallty of V|deo ObjECtS in accordance
with a 24 ch aofl tihe piigleal ielpmehtanylest mdgnecdss

dependent on the 25 vproductlon order indicated by the reproduction
rout e |rﬁ()rnatq*ﬁ$CtPﬁ% /VOB #q/Video in the record unit 12 are interleaved into

one VOB. Then, VOB #g obtained by this process is stored under
directory/VOB #q. FIG.15 shows that the management information
elementary stream of directory /VOB #3/Navigation, the audio

10 elementary streams of directories /VOB #3/Audio/CH1l, /VOB
#3/Audio/CH2, ana /VOB #3/Audio/CH3, the sub-picture elementary
streams of'directory /VOB #q/SubPicture/CHl and /SubPicture/CH2,
and the video elementary stream of directory /VOB #3/Video in the
record unit 12 are interleaved into ohe VOB. |

15 In step 8309, it is judged whether variable q is equal
to "max." When it_ie judged as negative, control goes to step
s§310. In step S310, the variable g is incremented by one.
Control then returns to step S307. The steps S307 to S309 are
repeated until the variable q reaches to "max" when the control

20 proceeds to step S311. In step S311, it is judged whether
variable i is equal to "max.” When it is judged as negatiwve,
control goes to step S312. In step S§312, the variable i is
incremented by one. Control then returns to step S302. The steps
8392 to S311 are repeated until the variable i reaches to "max"

25 when the control proceeds to step S314. 1In step S314, the disc
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coLrespondence being shown in the structure information; 26 an
it erl eaving step for dividing each of the corrected 27 pieces of audio
data and the plurality of pieces of video data 28 .into blgckg ﬁqgg
interleaving the bl ocks to obtain the Pubstituteysheetod 1 FeREIMPRLEEPs by

2012011, el ockcadd BEECLOTEe L Byl PLAF S, ot Bl 1

a generating Btep StTéeamtrom ura

video objectg,;, angde ghg vgﬁﬂﬁﬁgugﬂiﬁﬁi%ké9u£5%f§%enkgaOﬁgamhgg“ in Hhe A

recordi ng mediumrecording a progr IS run on a 112 2 bitstream

generation appaedddts fiekchigerating a bitstream3 including a plurality of
video objects to be stored in an 4 information recording disc, the program

includes: 5 I SHe@€B188C0ha0i Bt @Bl QroeNFOdi 1 end! sirfel-biie Of
pi eces

s reproduction block #u, which includes VOB #u, is read. In the
following séep Sl30,*£he variable adr is set to the record start
address of the interleave unit p of the VOB #i. In step S131, the
data size of the interleave unit p is added to the variable adr.
In step S132, it is judged whether variable i is equal to "max."

10 When it is judged as negative, control goes to step S133. In step
S$133, the variable i is incremented by one. Control then returns
to step S129. The steps S129 to S132 are repeated until the
vériable_i reaches to "max" when the control proceeds to step
3134. In step S134, it is judged whether wvariable p is equal to

1§ "max." ‘When it is judged as neg;tive, control goes to step S135.
In step S135, the variable p is incremented by one. Control then
returns to step $128.

The steps S128 to S135 are repeated until the variable
P reaches to "max" when the control proceeds to step S136. 1In

20 step S136, the mark is attached to all the VOBs in the exclusive

reproduction block #u. Control then returns to step S121.
FIG.18A shows the VOB access table in which VOBs have
been assigned address:; after the above processing. It is

presumed that only VOB #2 has a time period of 20 seconds and that

25 the other VOBs each have 10 seconds. It is also presumed that

*
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6.0of input video information to obtain a plurality of pieces of 7 video
data and recording the obtained plurality of pieces of video 8 data into a
recording means; 9 an audi o encodi ng step for_ encodin

plurality of 10 pieces of input audio i ffulististeosheas obl §9rﬂtaﬂﬁbleﬁqe§a38ty of
pi eces 11 ofpgudiigegdatdna durt%ceﬁglrmfgﬁemmkaﬁ&&wéié&aatgéy Re2egs Of

12 audio data 1nto a recordi ng nean ructure
information regejos B9 & Q:Prefﬂ{teerE@i‘)’é QQnééolStaaHC:ﬁdHee | ph&y Rk AdhuViiced

shows correspondence between each of the plurality of video objects and
each piece of"mdeqm@rnataadné&&@@hwl@:ﬁ.@:@ﬁ agRlé OrdptloaubeCor dd ceB the
recordi ng neans; 17 an editing step for editing

reproducti on vopWw7e diten rtherfietdu @Beh MzaGROHHIANES artddted) tHES repfddudtibhom
an operator, 19 the reproduction route information indicating a
reproducti®n shijtys 20 YoBt#®e plurality of video objects when the

I nformati on recordrng 21 drsc S reproduced by a reproductron apparatus 22
a correcting Step Kme : Re

audi o data correspondlng to a video object

When the data size of the generated bitstream for

recording exceeds the capacity of DVD, in the present example, the

_ 20A 208
10 producer deletes VOB #7 as shown in FIGs.19& and 198 by activating
the elementary encode unit 14 and displaying the illustrated
composition. After the deletion, VOB #13 with a small data size

is added to in front of VOB #8 in the VOB add mode, as shown in
- 20C .

FIG.¥9€.

15 When it is determined that still the data size of the
bitstream exceeds the capacity of DVD and that VOB #1 should be
repla;z;_with another VOB, the prodqcer deletes VOB #1 as shown in
FIGs.20&—and-208 by activating the elementary encode unit 14 and
displaying the illustrated coﬁposition. Then, the producer adds

20 VOB #15 with a small data size is added to in front of VOB #2 in

20E
the VOB add mode, as shown in FIG.20€.

After the second editing of the reproduction scenario
is performed as described above, the audio extraction unit l4c
extracts the audio elementary stream. The length of video stream

25 of VOB #13 is longer than VOB #7. . As a result, audio extraction
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24 adjusting a reproduction start tine of a piece of audio data 25
corresponding to a next video object; 26 an interleaving step
for dividing each of the corrected 113 27 pieces of audio data ﬁ g t he
piurality of pieces of video data 28 intSubstuite sheat r dilePeatambry 1 5

bl ocks to obt aighiiheedtdigibstih @8 28 6sdae dUKACt STy faesargmdkgot htﬁxd)krosks
I n accordance with a 30 predetermned rule; and 31

generati ng st eghdwar igeger asitie mdRaberait dafotnatidm@adR. prhe eﬁadk;s wath
video objects and the reproduction route information. 114
character "V" represent video packs. The packs with character "A"
represent audio packs. Each pack in G3 is transferred to the AV
§ decoder unit when the SCR of the pack header matches the system
clock (STC) of the reproduction apparatus. The packs input into
the AV decoder.are classified into video, audio, and sub-picture.
These .packs are input to the video, audio, and sub-picture
decoders, respectively. The STC is reset by the sca_of the first
10 pack.of_each VOB.

Gl represents video _packets input from the system
decoder into the buffer in the video decoder. The small
rectangles represent packets. The area below Gl is a graph
showing the amount of data stored in the buffer in the video

15 decoder. 1In ofher words, the graph shows the buffer consumption
amount. The buffer consumption amouﬁt increases as the number of
stored video packets increases and decreases as the data is
decoded to be output as images. Aé understood from FIG.36, the
video packs for the first image are stored in the buffer during

20 times Tbl-Tb2. At the same time, the number of stored videogiiﬁie
sats- increases as indicated by slant line SVi. At time Tdl when
the video pack data is decoded and ouﬁput, the number of stored
video packs decreases by dl.

The video packs for the second image are stored in the

25 buffer during a period between times Tdl-Tvpl. At the same time,
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packs
the number of stored video +itle-—sets-increases as indicated by
slant line SV§. SVj is smaller than Svi. This is because only the
difference between the first and the second images is decoded when
the second image is decoded.

The transfer of all the video pacﬁgts in Gl is complete
at time Tvfl. The decoding and output of these video packets are
complete at time Tvf2. As described above, there is a time lag
between the transfer completion time and the data output
completion time in the video decoder. That means, there is a wait
time between the start of transferring a VOB from the track buffer
to the AV decoder and the actual display of the second image. In
FIG.36, the wait time is a period between times Tbfl and Tbf2. On
the other hand, after the transfer is complete, the image output
continues. In the example of the present drawing, after the
transfer of the video packets is complete at time Tvfl, the image
output using the data stored in the buffer continues until time
TvE2.

G2 represents audio packets input from the system
decoder into the buffer in the audio decoder. The small
rectangles represent packets. The area below Gl is a graph
showing the amount of data stored in the buffer in the audio
decoder. The relationship between the buffer consumption amount
and the number of stored audio packets is the same as the video
decoder. The data input at time Tadl is output at time Tapl. It

should be noted here that the buffer in the audio decoder has a
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of audio data and recording the obtained plurality of pieces of
audio data into a recording means;

a structure information réceiving step for receiving
structure information which shows correspondence between each of
the plu;ality of video objects and each piéce of video data and
each piece of audio data recorded in the recording means;

“ an editing step for editing reproduction route
information in accordance with an instruction from an operator,
the reproduction route information indicating a reproduction order

of the plurality of video cbjects when the information recording

disc is reproduced by a reproductibn apparatus;

:
-

eeffespeaé*ag—ée~}4ua&b#adeeaaﬁﬁuﬂh—
correspondence being shown in the structure information:
an interleaving step for dividing each of the corrected

pieces of audio data and the plurality of pieces of video data
into blocks and interleaving the blocks to obtain the plﬁraliﬁy of
video objects by arranging the blocks in accordance Qith a
predetermined rule; and |

a generating step for generating the bitstream from the

plurality of wvideo objects and the reproduction route

information.

11. A recording medium recording a program which is run on a
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ELEMENTARY ENCODE

FIG. 24A

INSTRUCTION
ELEMENTARY NCODE HAS
BEEN INPUT %

NCODE PARAMETERS,
(JDEOTAPE AUDIOTAPE, TIFF FILE HA
BEEN LOADED 2

523

ENCODE TIFF FILE WITH RUN-LENGTH METHOD TO
GENERATE SUB-PICTURE ELEMENTARY STREAM

ENCODE AUDIO DATA OF AN AUDIOTAPE S24
WITH Dolby AC-3 METHOD

=
S26
READ ENCODE PARAMETER i FROM ENCODE
PARAMETER TABLE

DATATOBE . Ye
ENCODED IS VIDEO f
DATA ?

DATA TO BE
ENCODED IS AUDIO
DATA?

S29
DATA TO BE Yes : é
ENCODED IS SUB-PICTURE @
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FIG. 25C VOB ADD MODE
S63

lDISPLAY AN OVAL REPRESENT[NGI’

USER DRAGS )~ 564
THE OVAL

[RECOGNIZE THE DETERMINED S62
POSITION AS A SOURCE POSITION{ -

RECEIVE A VOB NUMBER] S66
FOR THE PRESENT OVAL
ADDITION

S801

OF SOURCE OVAL AND
ADDED SHAPE

2852 Ves _S68
DISPLAY WARNING | [CONNECT SOURCE OVAL
THAT SEAMLESSNESS] |AND THE ADDED SHAPE

MAY FAIL

BY A LINE
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FIG. 26D

DISPLAY POSITION CHANGE

S171
A MENU ITEM
HAS BEEN SPECIFIED BY
CUI%SOR

" Yes

| USER MOVES THE MENU
| I'TEM WITH MOUSE

S172

CHANNEL ITEM HAS
BEEN ENTERED ?

| Yes 25174
GENERATE COORDINATE INFORMATION
IN ACCORDANCE WITH CURRENT POSITION
OF THE CHANNEL ITEM
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FIG. 30A

AUDIO EXTRACTION

CALCULATE TIME LAG dT BETWEEN END
TIMES OF VIDEC ELEMENTARY j—1 AND
AUDIO ELEMENTARY j—1

¢ 9324
CALCULATE AUDIO EXTRACTION] | SET EXTRACTION START
START TIME Ts BASED ON TIME TIME Ts TO START TIME QF
LAGdT VIDEQ ELEMENTARY
5326

CALCULATE TIME PERIOD Tv OF A VIDEO ELEMENTARY
_TO B%EINTERLEAVED INTO jth VOB IN REPRODUCTION

DETERMINE EXTRACTION TIME PERiOD TaSO THAT
TIME LAG BETWEEN END TIMES OF VIDEO ELEMENTARY
AND EXTRACTION IS EQUAL TO CERTAIN TIME dx(Ta=Tv)

EXTRACT AUDIO ELEMENTARY 4 WITH EXTRACTION TIME
PERIOD Ta FROM PRIMARY AUDIO ELEMENTARY STREAM

MOVE AUDIO ELEMENTARY j INTO DIRECTORY S329
/VOB#l/Audio/CHx/

N ~8331
jeit 1'
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INTER-VOB TRANSFER -
S212

FIG. 30B

WHICH OF
SINGLE AND BRANCH IS 5213

POST-CONNECTION VOBm TYPE OF
OB CONNECTION RELATION
ORMATION X

Ye
ANALYZE POST-CONNECTION VOBm OF VO S214
CONNECTION RELATION INFORMATION k

CUT AUDIO COMPONENTS CONCENTRATING AT} ;5215
THE END OF VOB #k,TRANSFER THEM TO THE
START OF THE VOB #m

PRE-CONNECTION
VOB TYPE OF THE VOB CONNECTIO
RELATION INFORMATION
S MERGE 2

ANALYZE PRE-CONNECTION VOBn OF VOB
0 C 10 T _ 322 1

* {CUT VIDEQ AND AUDIO COMPONENTS CONCENTRATING
- |AT THE START OF VOB #k /' Video, TRANSFER THEM

CUT AUDIO COMPONENTS CONCENTRATING.
AT THE END OF VOB #n, TRANSFER THEM
TO.THE START OF THE VOB #k |

5226 - _S227 -
kot b
 wYes

END
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FIG. 32B

WRITE ACCESS TABLE IN PGC INFORMATION
START

_ L

IDENTIFY OVAL #mASALINK _ |.s105

DESTINATION OF RECTANGLE #Pi _S106
WRITE ADDRESS ASSIGNED TO VOB #m IN VOB TABLE
INTO THE ACCESS INFORMATION OF PGC INFORMATION #Pi
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No DESTINATION AS OVAL #m
ZS1104

. |WRITE ADDRESS OF VOB #m
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OF PGC INFORMATION #Pi

_/S112
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S113 - |OFTH LE, :
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WRITE ADDRESS OF PGC
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[No _s114  [LINK INFORMATION OF PGC

. INFORMATION #Pi -
HANDLE ERROR T————T

PGC INFORMATION #Pi
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FIG. 35C

SUB-PICTURE PACK
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